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CHAPTER 1
HAEMOGREGARINA:
LIFE CYCLE, HOST SPECIFICITY,
PATHOGENICITY AND COEVOLUTION

Molecular analyses have proven invaluable tools for systematics, phylogenetics,
and evolutionary biology. The comparison of multiple species gives information on the
adaptive processes and evolutionary history, thus revealing the chronology of events.
These evolutionary events can be mapped onto phylogenetic trees based on
synapomorphies between taxa. There are multiple techniques available to construct
phylogenetic trees based on morphological characters, molecular characters, other shared
characters or combinations of these. By recreating evolutionary history based on these
synapomorphic characters, the phylogenetic hypotheses seek to resolve questions of
ancestry and descent. Phylogenetic reconstructions based on the morphology of
primitive parasites, such as protoioa, prove difficult due to ambiguous terminology,
functional speculation, determination of primitive or derived characters, and

establishment of homology.



The phylum Apicomplexa includes unicellular eukaryotic pathogens that
parasitize the entire range of organisms, from other protozoa to higher vertebrates (Kudo,
1966). Apicomplexans are in the kingdom Protista including unicellular algae and slime
molds. Ellis et al. (1998) noted approximately 4600 species that have been described for
Apicomplexa, and estimate undescribed members to include thousands more. They are
characterized as “apical complex” due to the synapomorphic polar ring, rhoptries,
micronemes, conoid, and subpellicar microtubules (Bamard & Upton, 1994). The mode
of obtaining nutrition from the host includes dissolved cytoplasm, tissue fluid, body fluid,
or dissolved nutrients that are absorbed by the parasite (Kudo, 1966). In general,
Apicomplexans that parasitize reptiles are either blood or intestinal parasites.
Apicomplexan blood parasites are transmitted by an intermediate host including ticks,
leeches, and mosquitoes and intestinal parasites are transmitted by fecal contamination.
Pathogenic genera include Plasmodium (infecting >300 M humans with malaria
annually), Eimeria (parasitizing domesticated animals), Toxoplasma (the well-known
discase agent that is transmitted by cats to humans and other animals), and

Cryptosporidium (the gut parasite that inflicts diarrhea on humans and other vertebrates).

Haemogregarina

The family Haemogregarinidae (Protozoa: Apicomplexa: Coccidia) includes the
genera Hepatozoon, Haemogregarina, Cyrilia, and Karyolysus, and recently included
members are Desseria and Hemolivia (Smith et al., 2000). Members of this family are

intraerythrocytic parasites in a wide range of vertebrates, including reptiles, amphibians,



fish, birds, and mammals. Hemogregarines are characterized by the asexual life cycle in
a vertebrate circulatory system (intermediate host) and the sexual life cycle in the
digestive system of a hematophagous invertebrate vector (definitive host). The genera
are distinguished based on developmental and ultrastructural characteristics, range of
hosts, and life cycle phases. Only two genera, Hepatozoon and Haemogregarina, are
reported to parasitize chelonians. Haemogregarina is typically associated with turtles
whereas Hepatozoon is typically associated with amphibians, snakes and lizards,
crocodiles, and some mammals. Many species have been placed in the genus
Haemogregarina, however only those utilizing a leech vector may actually belong to this
genus (Smith, 1996). It is estimated that there are over 400 species of hemogregarines,
(Desser, 1993) however there are inconsistencies in the phylogeny and taxonomy due to

difficulty in identifying them morphologically.

Life cycle

Hemogregarines were first described by Russian Vasili Yakovlevich Danilivskii
in 1885 who discovered the parasites in erythrocytes of the turtle Emys orbicularis and
named it Haemogregarina stepanowi (Levine, 1988). Apicomplexan protozoans were
first been described 200 years earlier by Antony van Leeuwenhoek (Levine, 1988).
Hemogregarines are intraerythrocytic or interleukocytic parasites with a heteroxenous life
cycle. This involves merogony in the circulatory system of the vertebrate and sporogony

in the intestinal epithelium of the invertebrate vector (Barnard & Upton, 1994).



Haemogregarina includes more than 300 species (Barnard & Upton, 1994);
however most hemogregarine genera are classified in the genus Haemogregarina until
the life cycles are elucidated (Levine, 1982). It is expected that many of these species
will be subsequently placed more correctly in the genus Hepatozoon (Allison & Desser,
1981) and only those using the leech vector included in the genus Haemogregarina
(Smith, 1996). Haemogregarina is typically identified in vertebrate hosts by gamonts in

peripheral blood erythrocytes, and in invertebrate vectors by oocysts in the intestine.

Reichenow (1910) described the life cycle, structure, and vector status of the
leech, Placobdella catenigera in Emys orbicularis, the European pond turtle (Paterson &
Desser, 1976). Michel (1973) established that species of Haemogregarina and
Hepatozoon may occur in chelonians as he described Hepatozoon mauritanicum from
Testudo graeca and the tick Hyalomma aegyptium (Paterson & Desser, 1976). As other
researchers have contributed information on the infections of the various hosts, the
practice of giving a new specific epithet to parasites of a different host has become
common (Ball et al., 1967). This created much confusion, as accurate taxonomy can only
be determined by cross-transmission studies and elucidation of the entire life cycle.
However, there is much variability in the host specificity for both the vertebrates and
invertebrates. For example, Ball et al. (1967) reported that a single species can live in a
snake and a lizard, and be transmitted by ticks, mosquitoes, and mites; contrary to some
parasites being specific to one host and vector (Levine, 1982). Other studies have shown

a readily ability to infect some genera, and an inability to infect other genera (Ball, 1967).



If cross-transmission and entire life cycle studies are not performed, using

Haemogregarina sensu lato was suggested by Mohammad & Mansour (1959).

Hemogregarines evolved a complicated heteroxenous life cycle that requires two
hosts to complete. The parasites survive in the blood and other tissues of vertebrate hosts
and in the hemocoel, gut epithelium, or reproductive tract of the definitive invertebrate
hosts (Desser, 1993). The generalized life cycle involves three major components:
merogony, gametogony, and sporogony. The infective merozoite passively enters the
turtle host from the proboscis of the infected leech during blood feeding. Preerythrocytic
merozoites encyst in the liver, lung, and spleen to produce more merozoites. The apical
complex (hence, the phylum name Apicomplexa) is located at the anterior pole of this
elongated invasive cell. Apical organelles secrete surface ligands necessary to attach to
and invade the host cell, which positions the sporozoite in a parasitiphorous vacuole
(Menard, 2001). This vacuole is in part derived from the plasma membrane of the host
cell (Menard, 2001), thus prohibiting an antigenic response. These invasive merozoites
are in the erythrocytes, liver, lung, and spleen of the vertebrate host (Siddall & Desser,
1991). Merozoites continue in either of two paths: some will continue several rounds of
merogony (asexual reproduction) to produce more merozoites; and most will undergo
gametogony to produce anisogamous gamonts. Infected blood cells are subsequently
ingested by the leech host. Microgamonts and macrogamonts are released and undergo
syzygy. These gametes fuse through sexual reproduction to produce a zygote. This

zygote undergoes sporogony (asexual reproduction to produce sporozoites) thus
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Figure 1. Schematic diagram of the life cycle of Haemogregarina balli. A. Infective merozoites
are transmitted to turtles from the proboscis of leeches during feeding. B. Preerythrocytic
meronts in cells of the liver, lung, and spleen yield about 18 merozoites. C. Immature serpentine
erythrocytic meronts. The 8 merozoites formed in erythrocytic meronts infect other erythrocytes
to produce either gamonts or more meronts. D. Microgamonts and macrogamonts in the
peripheral circulation are ingested by leeches feeding on the turtle. E. Gamonts associate in
syzygy in the intestinal ceca. F. Microgametogenesis generates 4 aflagellate microgametes, 1 of
which fertilizes the associated macrogamete. G. Sporogony produces monosporoblastic oocysts
with 8 sporozoites. H. Sporozoites migrate to the anterior somites of the leech, and give rise to
primary meronts each containing hundreds of merozoites. Merozoites move to the proboscis of
the leech until introduced to turtles during subsequent feedings. (Entire diagram and legend
from Siddall & Desser, 1991).




completing the life cycle. Figure 1 shows the Haemogregarina life cycle proposed by

Siddall & Desser, (1991).

Haemogregarina and Hepatozoon sp. have been reported in every family within
Testudines (See Chapter 2, Table 2), however these are probably all appropriately placed
in the genus Haemogregarina if vectored by a leech. It is not clear, however, what host
specificity, if any, exists for these parasites within Reptilia. Consequently the
transmission of the parasites is not clear, however experimental transfer studies have
shown that an infected vertebrate host can transmit the blood parasite via an previously

uninfected definitive vector to an previously uninfected vertebrate host.

Host specificity

Within the family Haemogregarinidae, the majority of the host specificity
research has focused on the amphibian parasite Hepatozoon. Chao & Ball (1967) and
Ball et al. (1967) reported a single species of Hepatozoon to infect three genera and two
families of snakes however did not report any host morbidity. Kim et al. (1998) could
readily infect Hepatozoon clamatae in Rana (frogs), however they were unsuccessful in
infecting Bufo (toads) or Ambystoma (salamanders). This study also demonstrated that
experimental infections of two species of hemogregarines Hepatozoon clamatae and H.
catesbianae in Rana clamitans melanota (green frogs) and Rana catesbeiana (bullfrogs)

show differences in the levels of infection in the respective vertebrate hosts. The authors



proposed that the different species of parasites were possibly more adapted to their

respective ranid.

Siddall and Desser (1991) demonstrated the transmission of Haemogregarina
balli from painted turtles to snapping turtles through the definitive leech host. Smith et
al. (1996) reported the tendency of a low specificity of intermediate host (i.e., anuran)
and a higher specificity to complete the life cycle in the second intermediate host (i.e.,
snake that preys on infected anuran) in an experimental transfer study. Telford et al.
(2001) suggested a greater host specificity by extensively describing and naming six
“new” Hepatozoon species in snakes, however this nomenclature is premature based on

morphologic characters exclusively without elucidation of the life cycle.

Pathogenicity

It is generally considered that the parasite is non-pathogenic in its natural host,
however can cause pathological effects when infected experimentally to un-natural (not
normally occurring in) hosts (Wozniak et al., 1996). The longer a parasite and a host
have a relationship, the parasite becomes more adapted to the host and less disruptive to
the host’s metabolism. Wozniak et al. (1996) described symptoms of infection in natural
hosts as slight anemia, erythrocyte hypertrophy, and erythrocytic plasma membrane
alterations. Other researchers reported anemia and inanition (Barnard & Upton, 1994),
and distorted cell nuclei (Hahn, 1909). Beyer & Sidorenko (1972) detailed in a

cytochemical examination of parasitized rock lizards a decrease in hemoglobin implying



a parasite-induced metabolic change in the host cell. They also demonstrated that the
total protein quantity remained constant in infected individuals and suggested that the
parasite’s protein production was responsible. Oppliger et al. (1996) discovered that

lizards parasitized by hemogregarines showed a decrease in oxygen consumption and

lower locomotor speed.

In un-natural hosts, however, the symptoms may include increased inflammatory
cells and clinical disease were reported in snakes (Wozniak et al., 1996). Wozniak et al.
(1996) showed that lizards infected with snake hemogregarines produce antibodies
detectable by ELISA assays. Hemogregarine infection was also shown to induce

mortality in older hosts.

Lowichik and Yaeger (1987) reported congenital transmission in one brood of
Nerodia fasciata confluens (water snake) in southeastern Louisiana. In this study, five
gravid females from Nerodia and Agkistrodon were diagnosed with Hepatozoon
infection. These females were removed from the Louisiana wild population and
maintained in captivity. On the day of birth for the newborn snakes, blood smears were
examined from the newborns and also from the female. One of the five gravid females
transmitted the infection to 100% (n=12) of the offspring, and Lowichik and Yaeger
(1987) attributed this to the higher parasitemia of this female. The other four gravid

females with lower level parasitemia did not transmit the parasite to their offspring.
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In an experimental transfer study by Oda et al. (1971), researchers successfully infected
snakes and lizards by feeding them mosquitoes or infected organs from an

infected vertebrate for two species of Hepatozoon. Interestingly, the range of infection
lasted from 7 days in a Sceloporus (lizard) to 1.5 years in a Pituophis (snake). They
concluded that the hemogregarines show versatility in infecting un-natural hosts.
Furthermore, studies involving experimental transfer often are successful with certain

hosts and unsuccessful with others (Oda et al., 1971; Kim et al., 1998).

The pathogenicity of hemogregarines remains uncertain in general and must be
considered on an individual basis. Oppliger & Clobert (1997) examined lizard tail
regeneration in Lacerta vivipara for individuals infected and individuals not infected with
hemogregarines. They concluded that parasitized lizards had a drastically reduced rate
in tail regeneration, however parasitemia did not increase in association with the tail loss.
In a similar study, the same researchers determined that Haemogregarina-infected lizards
have lower levels of hemoglobin, increased immature erythrocytes, decreased resting
oxygen consumption, and a reduced running velocity (Oppliger et al., 1996). Sorci
(1996) found that in the same common lizard (Lacerta), that hemogregarines possibly
have a considerable age-dependent effect on host mortality and induce mortality only in
older hosts. Wozniak et al. (1996) showed that lizards infected with snake
hemogregarines have a humoral response with common and stage-specific components.
They suggest that this inflammatory reaction is in response to pathogenesis in the un-
natural host species. Wozniak and Telford (1991) also demonstrate that hemogregarines

increase mortality and morbidity rates in the mosquito vector Culex.
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Ecology

When considering the ecological environment of the hemogregarine parasite, it is
necessary to evaluate the turtle circulatory system as an ecological environment. The
mean duration of turtle erythrocytes is between 600 and 800 days, indicative of the low
metabolic rate and hibernation that is characteristic of reptiles (Altland & Brace, 1962).
Therefore, initial parasite infection may last several years. Other studies showed that
aspects including sex, age, diet, health, exercise, circulating hormones, hydration of body,
temperature, and oxygen pressure can effect the turtle packed erythrocyte volumes (PCV)
(Frair, 1977). Frair (1977) also reported that red blood cell counts (RCC) tends to
increase with age, that larger organisms tend to have higher PCV, and seasonal increase
in erythropoiesis in summer. Turtles maintained in captivity were proposed to have
significantly higher blood chemistries as a result of artificial diets or stressful conditions
(Bolten, 1992). Frair (1977) stated that wild turtles tend to have higher PCV and RCC

levels compared to turtles in captivity.

Captive management may increase the susceptibility of exposure to wildlife
diseases, including Haemogregarina. Captive husbandry for turtles often involves
multiple genera housed collectively and this may lead to trans-generic infections. Certain
wildlife diseases, therefore, may cause severe antigenic responses in hosts not previously
exposed (unnatural populations). In an effort to reduce the potential of infection in
captive managed populations, it is essential to elucidate the entire range of

epidemiological factors.



12

Epidemiology & Distribution

The factors affecting the epidemiology and distribution of hemogregarine
interactions include vector exposure, host specificity, and pathogenicity. The current
problems in these studies involve inadequate evaluation of the entire life cycle to
determine the appropriate hemogregarine and vector involved, novel species names for
different hosts, limited cross-transfer studies due to extensive time involved, and
inadequate descriptions of pathological effects, if any, on the hosts. Without extensive
phylogenetic studies of the hemogregarines, host specificity questions could be lengthy

and time consuming.

Coevolution in host-parasite systems

When evaluating host-parasite associations, reconstructing evolutionary history
traces to one of two paths. The first path is one which the parasites coevolved (or co-
speciated) simultaneously with the host. This occurs as the speciation of the host group
initiates a subsequent speciation of the associated group (Huelsenbeck et al., 1997).
Congruence between parasite and host phylogenies would show this coevolutionary
result. The second path is one which the parasite does not necessarily coevolve with the
host, however other associations can be determined. Phylogenies reveal that hosts which
are phylogenetically close share common parasites because of a shared recent
evolutionary history (Poulin & Morand, 2000). It is necessary to determine the

phylogenies for both host and parasite to determine the two evolutionary histories and



13

then to explore coevolutionary hypotheses (Poulin & Morand, 2000). By investigating
the patterns of evolutionary history, one can thereby investigate the processes enforcing

these patterns.

Brooks (1979) terms coevolution as “the mutual adaptation of a given parasite
species and its host(s) through time and includes such parameters as pathogenicity, host
specificity, and synchrony of life cycle stages.” There are certain associations that are
ideal for coevolutionary studies including host groups as well as parasite groups that are
species rich, geographically widespread, and ancient in origin (Brooks & McLennan,

1993).

It has been assumed by parasitologists that parasites lack the ability to choose
different environments and therefore evolutionarily dependent upon their hosts (Brooks,
1979). This attributes to the phylogenies and ecological distributions of the parasites
being closely interrelated to their hosts. Based on these premises, the following
standards (excerpt from Brooks & McLennan, 1993) for deducing coevolutionary

contexts in host-parasite relationships were formed:

1. Farenholz’ Rule: The historical development (anagenesis) and splitting
(cladogenesis) of hosts are paralleled by the development and splitting of
their parasites. The phylogenetic relationships of the parasites can therefore
be used to draw conclusions about the (often obscured) phylogenetic

relationships of their hosts.
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2. Szidat’s Rule: The orthogenetic trend toward higher development in hosts
drives their (mainly permanent) parasites in the same direction. Because of
this, host taxa with a relatively low level of organization (primitive hosts)
harbor parasites with relatively low levels of organization (primitive
parasites). He further stated that non-specific parasites had main and
secondary hosts, and that such nonspecificity was indicative of younger
parasites (i.e., younger parasites tend to have more secondary hosts), because
as Szidat’s rule demonstrated, host specificity tends to increase with

increasing age of the parasite-host association.

3. Eichler’s Rule: Among host groups of equal systematic rank, species-rich
groups will have a more diverse (mainly permanent) parasite fauna than

their species-poor relatives.

4. Manter’s Rules:

a. Parasites evolve more slowly than their hosts.

b. The longer the association with a host group, the more pronounced
the specificity exhibited by the parasite group.

c. A host species harbors the largest number of parasite species in the
area where it has resided the longest, so if the same species, or two
closely related species of hosts, exhibit a disjunct distribution and
possess similar faunas, the areas in which the hosts occur must have

been contiguous in the past.



15

Previous host-parasite associations in coevolutionary studies involve protozoa due
to their evolutionarily conservative nature required to meet both vertebrate and
invertebrate host conditions (Ayala & Hutchings, 1974). Zoogeographical studies within
Reptilia include Plasmodium in lizards (Ayala & Hutchings, 1974; Perkins, 2001), and
Sarcocystis in snakes (Dolezel et al., 1999). There have not been any coevolutionary
studies with apicomplexans in turtles, however, blood flukes in turtles have been studied

to explain continental drift (Brooks & McLennan, 1993).

In tracing the epidemiology and coevolution of hemogregarines, proper
identification is foremost. This can be accomplished morphologically by examination of
peripheral blood for the intraerythrocytic parasites, and recently by molecular methods of
Polymerase Chain Reaction with parasite-specific primers. This information impacts
both wild populations and captive managed populations to reduce any threatening

wildlife disease that pose risks to not just a single individual but to an entire population.

The widely-distributed reports of the occurrence of Haemogregarina in turtles
prompted the investigation of all accessible populations for the current study. This
included endemic Texas turtle genera from several localities as well as translocated Asian
turtles under captive management. Translocation of turtles can spread disease therefore
the initial step is identification and quantification of parasitemia within each turtle

subpopulations. In an effort to evaluate the potential infection of Haemogregarina in
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naturally-occurring populations and translocation populations, the following objectives

were delineated:

1) Determine parasitemia in captive, wild, and recently translocated turtles from

several localities;

2) Compare diagnosis of parasitemia using both microscopy and molecular (PCR)

techniques and evaluate the efficacy of each respective technique;

3) Make comparisons among host subpopulations to determine trends in

epidemiology and transmission to evaluate parasite control;

4) Determine molecular phylogeny of the phylum Apicomplexa and the

placement of Haemogregarina genus within Apicomplexa;

5) Examine the molecular phylogeny of Haemogregarina to determine host
specificity and coevolutionary status for parasites at various genera turtle

localities; and,

6) Determine methods to control the risk of exposure and transmission of

Haemogregarina for captive managed turtles.



CHAPTER I

DETECTION AND DIAGNOSIS

OF HAEMOGREGARINA:

MORPHOLOGICAL VERSUS

MOLECULAR IDENTIFICATION

Prior to the advent of recent molecular techniques, apicomplexans were identified
and classified solely on their morphological characters and life history. This included
size and shape of various life cycle stages and the location of infection. Morphology,
vertebrate host, invertebrate host, ecological and biogeographical conditions were all
utilized to produce phylogenies. This proves problematic, however, due to ambiguous
terminology, functional speculation, determination of primitive or derived characters, and
in establishing homology. Today both morphology and molecular data are used in

identification, systematic classification and phylogenetic reconstructions.

Morphologic Detection

Diagnosis of haemogregarine infection by light microscopy provides both
qualitative and quantitative results. Requiring few tools and little training, stained blood

smears can be diagnosed in the field providing immediate results. Multiple infections can

17
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be diagnosed, however the epidemiology of infections proves more difficult to survey.
The limitations of this technique include ambiguous positive or negative results, as low
parasitemia infections might not be detected on a single smear, and difficulty in accurate
genera determination using morphology exclusively. When considering primitive
protozoa, there are very limited morphological characters for descriptions and these

characters may be the result of homoplastic convergence.

Molecular Detection

While molecular techniques only provide qualitative results, there are more
explicit and definable characters (nucleotides) that may be used to determine homology.
The benefits of the molecular sequence characters over morphologic characters include
obtaining accurate species identification, no a priori concept of primitive or derived
characters, and no ambiguous descriptive terms as often found in apicomplexan
morphologic characters. Molecular data are not a panacea, however, as the limitations of
only four character states (A, C, G, and T) can also lead to homoplasy from convergence

and back substitutions.

For identification and phylogenetic analyses in the Apicomplexa, ribosomal DNA
genes including 18S, 5.8S, and ITS regions have been used (Cai et. al, 1992; Goggin,
1994; Kim et al., 1998; Mathew et al, 2000; Moon-van der Staay, 2001; Perkins & Keller,
2001; Smith et al., 1999; and Wozniak & McLaughlin, 1993). These genes can be used

to determine morphologically indistinguishable but otherwise distinct species (Hillis &
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Dixon, 1991). The small subunit ribosomal DNA from the apicoplast genome has also
proven to resolve taxonomic differences and phylogénies (Obomik et al., 2002).
Figure 2 shows a diagram of the ribosomal DNA gene family in eukaryotes (Hillis &

Davis, 1986).

NTS ETS ITS-1 ITS-2

18S gene 5.8S gene 28S gene

Figure 2. Diagram of the ribosomal DNA gene family in eukaryotes (Hillis & Davis,
1986). The shaded blocks show the 18S, 5.8S, and 28S genes coding regions. The
NTS is the nontranscribed spacer, the ETS is the external transcribed spacer, and the
ITS regions are the internal transcribed spacer regions. In eukaryotes, the 18S = 1800
nt, 5.8S = 160 nt, and 28S = over 4000 nt.

The small subunit of ribosomal DNA is often employed to determine
phylogenetic relationships of eukaryotes. This molecule’s attributes include its
conservation due to functional constraints, variable mutation rates in different
substructure positions, and its ubiquity among all taxa (Ouvrard et al., 2000). The 18S
subunit contains a region of low substitution rates as well as regions of high substitution
rates. This allows for phylogenetic resolution of organisms of deep divergence (between
classes) as well as recent divergence (between species). The approximate length in
eukaryotes for the ribosomal genes are 18S = 1800 nt, 5.8S = 160 nt, and 28S = over

4000 nt. (Hillis & Dixon, 1991). There are two internal transcribed spacers: one between
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18S and 5.8S and the other between 5.8S and 28S. The transcribed spacers contain

signals for processing the rRNA transcript (Hillis & Dixon, 1991).

Table 1 shows a comparison of morphological to molecular methods for
identification of Haemogregarina. The benefits and limitations of each method are
outlined to provide an overview. The traditional method of identification using parasite
morphology has been used for over 100 years, whereas the molecular techniques for
identification and systematics of apicomplexans have only been used for the past 10

years.

Table 1. Comparison of morphological to molecular methods for identification of
Haemogregarina. The benefits and limitations of each method are outlined as an
overview.

Morphology Molecular

Immediate results (in the field) Requires 24 hrs. for results (in the lab)
Inexpensive and few tools Costs $70 -$200 per sample to extract & PCR
Qualitative and quantitative resulits Only qualitative results

Little training required More training required

Ambiguous slides as pos/neg PCR test is explicit as positive or negative
Difficulty in identifying genera Sequences are accurate genera ID

Must make blood smears on site Can use stored blood or if no slides available
Can not determine epidemiology Can track the spread of disease

Check for other infections Specific primers diagnose specific genera

In tracing the epidemiology for any disease, proper identification is essential.
Morphologically indistinguishable parasites may potentially represent different genera.
In an effort to control disease, accurate identification is the first step in understanding

transmission, pathogenicity, and disease control measures. Wildlife diseases can have
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potentially devastating effects, particularly in small populations or those involving
endangered species. Certain wildlife diseases are observed in only captive populations,
only wild populations, or in both sets of populations. Haemogregarina infections occur
in an almost worldwide distribution in a wide range of hosts. The effect of wild
populations versus captive managed populations is of interest to animal husbandry,

especially in regards to translocated animals.

The worldwide increasing species extinction rates in turtle populations is
attributed to land encroachment, urbanization, pollution, habitat destruction, and
commercial harvesting. This worldwide phenomenon is affecting extremely abundant
taxa as hastily and indiscriminating as it affects endangered taxa. Turtles are particularly
susceptible to escalating extinction rates due to delayed sexual maturity, high juvenile
mortality, and long adult life-span with low natural mortality. Due to the Asian Turtle
Crisis in which endangered species are harvested for decorative shells and believed
medicinal benefits in the meat and ground shell, the threat of extinction is now a reality.
The multimillion dollar trade in turtles in the Asian region has led to a biodiversity crisis
with 75% of species at risk of extinction. This has led to both in situ and ex situ
conservation strategies. Ex situ programs may potentially create infections in unnatural

hosts and thus decrease the viability of ex situ or captive populations.

Translocation is far from an ideal situation, however is often times crucial in the
perpetuation of species for future reintroduction into a natural environment. Geochelone

yniphora, the angulated tortoise, was designated as endangered in its only range in
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Madagascar in 1976. This tortoise is virtually extinct in the wild today, and persists
exclusively due to captive management. The reintroduction of the wolf in Yellowstone
National Park is yet another example of an extirpated species that was perpetuated for
reintroduction. These in situ and ex situ conservation strategies often result in mixed
populations of turtles which may increase the incidence of exposure to wildlife diseases.
The occurrence of parasites, such as Haemogregarina, in these populations may be

overlooked and therefore the factors affecting the epidemiology not understood.

Affected turtles

Table 2 lists naturally-occurring haemogregarines previously recorded in turtles.
Additional studies involving experimental transfer from natural hosts to unnatural hosts
are not included. This table shows that Haemogregarina and Hepatozoon collectively

have been reported worldwide in every family of turtles.

The reports on the wide distribution of Haemogregarina in turtles prompted the
investigation of all accessible populations for the current study. This includes endemic
Texas turtle genera from several localities as well as translocated Asian turtles under

captive management.



Table 2 List of naturally-occurring haemogregarines previously recorded in turtles This
does not include experimental transfer infected individuals This table shows that
Haemogregarina and Hepatozoon collectively have been reported worldwide in every family

of turtles

TURTLE HAEMOGREGARINE REFERENCE
Amyda mutica Haemogregarnina stepanow Hahn, 1909
Aromochelys odoratus Haemogregarina stepanowi Hahn, 1909

Chelodina spp
Chelodina spp
Chelopus guttatus
Chelopus nsculptus
Chelydra serpentina
Chelydra serpentina
Chelydra sempentina
Chelydra serpentina
Chelydra serpentina
Chelydra serpentina

Chelydra sempentina serpentina
Chelydra serpentina serpentina

Chelydra serpentina serpentina

Chinemys reevesi
Chinemys reevest
Chrysemys bell marginata
Chrysemys picta
Chrysemys picta
Chrysemys picta marginata
Chrysemys sp
Cinosternum cruentatum
Clemmys caspica
Clemmys elegans
Clemmys insculpta
Clemmys insculpta
Clemmys japonica
Cuora flavomarginata
Cycloderma aubrys
Damonia spp

Emyda japonica

Emys leprosa

Emys lutara (orbiculars)
Emys meleagnis

Emys orbiculans

Graptemys kohm

Haemogregarina chelodinae
Haemogregarina chelodinae
Haemogregarina stepanows
Haemogregarina stepanowi
Haemogregarina sp
Haemogregarina sp
Haemogregarina stepanow
Haemogregarina balli
Haemogregarina stepanowi
Haemogregarina ballt
Haemogregarina pseudemydis
Haemogreganna stepanow
Haemogregarina niconiae
Haemogreganna botuliformis
Haemogregarina chinemydis
Haemogregarina stepanowi
Haemogregarina stepanowt
Haemogreganna balli
Haemogreganna ball
Haemogregarina stepanowi
Haemogregarina stepanow:
Haemogreganna pelusiensi
Haemogreganna labbet
Haemogreganna balli
Haemogreganna balli
Haemogregarina clemmydis
Haemogregarina cuorae
Haemogregarina reichenow:
Haemogreganina stepanowiana
Haemogreganna clemmydis
Haemogreganna bagensis
Haemogregarina stepanowt
Haemogreganina stepanowi
Haemogregarina nicoriae

Haemogregarina pseudemydis

Johnston, 1909

Laveran & Petit, 1909
Hahn, 1909

Hahn, 1909

Caskey, 1998

Desser, 1972

Hahn, 1909

Paterson & Desser, 1976
Roudabush & Coatney, 1937
Siddall & Desser, 1991
Acholonu, 1974
Marquardt, 1966

Wang & Hopkins, 1965
Chai & Chen, 1990

Chai & Chen, 1990
Roudabush & Coatney, 1937
Hahn, 1909

Paterson & Desser, 1976
Siddall & Desser, 1991
Plimmer, 1913

Plimmer, 1913

Pienarr, 1962

Bomer, 1901

Paterson & Desser, 1976
Siddall & Desser, 1991
von Prowazek, 1909
Chai & Chen, 1990
Schubotz, 1913

Laveran & Mesnil, 1902
von Prowazek, 1909
Ducloux, 1904
Danilewski, 1885

Hahn, 1909

Reichenow, 1910
Acholonu, 1974
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Table 2 continued List of naturally-occurring haemogregarines previously recorded in

turtles This does not include experimental transfer infected individuals This table shows
that Haemogregarina and Hepatozoon collectively have been reported worldwide in every

family of turtles

TURTLE HAEMOGREGARINE REFERENCE
Hydromedusa tactifera Haemogregarina hydromedusae Carini, 1942
Kimixys belliana zuluensis Haemogregarina fitzsimmonst Santos Dias, 1953
Kinosternon pennsylvanica Haemogregarina stepanowi Hahn, 1909

Kinosternon subrubrum hippocrepis
Kinosternon subrubrum hippocrepis
Malaclemys geographica
Mauremys capsica

Nicoria trjuga

Pelusios sinuatus

Pelusios smuatus

Pelusios sinuatus zulensis
Pelusios sp

Platemys sp

Pseudemys concinna herioglyphica
Pseudemys floridana hoyi
Pseudemys flondana mobilensis
Pseudemys flondana texana
Pseudemys nelsont

Pseudemys scripta

Pseudemys scripta elegans
Pseudemys scripta elegans
Pseudemys scripta elegans
Pseudemys texana

Pseudemys troost
Sternothaerus adansonii
Sternothaerus adansonit
Stemnotherus cannatus cannatus
Sternotherus odoratus
Terrapene carolina carolina
Terrapene carolina triunguis
Testudo emys

Testudo graeca

Testudo graeca

Testudo tabulata

Trachemys scripta

Haemogregarina pseudemydis
Haemogreganna nicoriae
Haemogreganna stepanowr
Haemogregarina sp
Haemogregarnna nicornae
Haemogregarnna pelusiensi
Haemogreganna pelusiensi
Haemogregarina maputensis
Haemogregarnna stemothen
Haemogregarina labber
Haemogregarina stepanow!
Haemogregarna pseudemydis
Haemogreganna niconae
Haemogregarina nicoriae
Haemogreganna sp
Haemogregarina stepanow:
Haemogregarina pseudemydis
Haemogreganna stepanowi
Haemogreganna stepanowr
Haemogregarina sp
Haemogregarina stepanowi
Haemogregarna nicoriae
Haemogregarina niconiae
Haemogregarina nicoriae
Haemogregarina stepanow:
Haemogregarina pseudemydis
Haemogregarina pseudemydis
Haemogregarna testudinis
Hepatozoon mauntanicum
Haemogregarina bera
Haemogregarina dimorphon

Haemogregarina sp

Acholony, 1974

Wang & Hopkins, 1965
Hahn, 1909

Papema, 1989
Castellani & Wiley, 1904
Papema, 1989
Pienarr, 1962

Santos Dias & de Sousa, 1952
Franca, 1912

Bomer, 1901
Marquardt, 1966
Acholonu, 1974

Wang & Hopkins, 1965
Wang & Hopkins, 1965
Caskey, 1998

Hahn, 1909

Acholonu, 1974
Marquardt, 1966
Wang & Hopkins, 1965
Caskey, 1998

Hahn, 1909
Robertson, 1910
Robertson, 1910
Wang & Hopkins, 1965
Marquardt, 1966
Acholonu, 1974
Acholonu, 1974
Laveran & Nattan-Larrer, 1912
Michel, 1973
Tartakovskit, 1913
Brimont, 1909

Caskey, 1998
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Table 2 continued List of naturally-occurring haemogregarines previously recorded In turtles
This does not include experimental transfer infected individuals This table shows that
Haemogregarina and Hepatozoon collectively have been reported worldwide in every family of
turtles

TURTLE HAEMOGREGARINE REFERENCE
Tronyx ferox emory Haemogreganna nicoriae Wang & Hopkins, 1965
Trionyx gangeticus Haemogregarina bongaonensis Sinha, 1993

Trionyx muticus Haemogregarina nicoriae Wang & Hopkins, 1965
Trionyx sinensis Haemogreganna galeata Chai & Chen, 1990
Trionyx sinensis Haemogreganna huberensis Chat & Chen, 1990
Trionyx sinensis Haemogregarina sinensis Chai & Chen, 1990
Trionyx spinifer Haemogregarna pseudemydis Acholonu, 1974

Two previous studies examined the haemogregarine parasitemia in Texas and
provided a motive for investigating the infection. It was expected to find similar
haemogregarine infection density in similar genera from previous studies. Thesis
research completed by Caskey (1998) revealed infection rates in turtles from Spring Lake
in Trachemys scripta (13/15), Pseudemys texana (22/31), Pseudemys nelsoni (2/2), and
Chelydra serpentina (4/4). This research also described the levels of parasitemia
ranging from light, moderate, to heavy parasitemia. Caskey (1998) then reported
infection rates from the San Marcos River for Pseudemys texana (14/15), the Blanco
River for Pseudemys texana (12/14), the Guadalupe River for Pseudemys texana (8/10),
and Southwest Texas State University campus ponds for Trachemys scripta (3/6).
Caskey (1998) did not observe schizonts in peripheral blood, but did discover schizonts

with tiny merozoites in leukocytes. Caskey identified all parasites as Haemogregarina

sp.
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In another regional study of endemic Texas genera, Wang & Hopkins (1965)
examined freshwater and terrestrial chelonians near College Station, Brazos County,
Texas. Blood parasites were not found in any of the terrestrial chelonians examined:
Terrapene ornata, T. carolina triunguis, or Gopherus berlandieri (specimen from
Brownsville, Texas.) They reported infection rates in Pseudemys (=Trachemys) scripta
elegans (15/19), Kinosternon subrubrum hippocrepis (2/2), Sternotherus carinatus
carinatus (2/2), Chelydra serpentina serpentina (6/6), Trionyx ferox emoryi (1/1),
Trionyx muticus (4/4), Pseudemys floridana mobilensis (=P.concinna) (1/1 from Port
Arthur however misidentified because this species does not occur west of Mobile Bay,
Alabama as per Dr. Francis Rose), and Pseudemys texana (2/2 from Austin). Wang &
Hopkins (1965) considered descriptions for Haemogregarina nicoriae to fit most

specimens infecting turtles in Texas.

The reports of the occurrence of Haemogregarina in turtles incited the
investigation of all available populations for the present study including endemic Texas
turtle genera from several localities as well as translocated Asian turtles under captive
management. Translocation of turtles can spread disease therefore the initial step is
identification and quantification of parasitemia within turtle subpopulations. In an effort
to evaluate the potential infection of Haemogregarina in naturally-occurring populations

and translocation populations, the following objectives were delineated:

1) Determine parasitemia in captive, wild, and recent captive turtles from several

localities,
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2) Compare diagnosis of parasitemia using both microscopy and molecular (PCR)

techniques and evaluate the efficacy of each respective technique,

3) Make comparisons among host subpopulations to determine trends in

epidemiology, transmission, and parasite control.

METHODS

Adult and juvenile turtles (see Appendix A) were collected by basking traps, hoop
nets, or collected from captive ponds during the spring and summer of 2002. The
TAUCC permit number is 7E1EC3_02 under Dr. Michael R.J. Forstner at Southwest
Texas State University. Each turtle was categorized as “captive” if its entire life span
remained in captivity. Turtles which had been relocated (primarily from Asia) within the
past year were considered from “wild” populations. Turtles which were relocated from
the wild but had spent more than one year in captivity were considered “wild caught,
captive raised” (WCCR). Table 3 lists the localities from which turtles were collected for
all further analyses. Captive populations included both indoor and outdoor facilities, and
wild populations involved a variety of aquatic ecological habitats. See Appendix A for

specific individuals for each locality.
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Table 3. Overview of turtle collection localities for captive and wild
populations. Captive populations included both indoor and ocutdoor
environments, and wild populations involved a variety of ecological habitats.

Captive Populations
Waterlife Austin, Texas
Guthrie Turtle Farms Birmingham, Alabama
Concordia Turtle Farm Wildsville, Louisiana

Wild Populations

Aquarena Springs San Marcos, Texas
Private ranch Deanville, Texas
Oasis Ranch Sheffield, Texas
Capital Aggregate Marble Falls, Texas

Griffith League Ranch Bastrop, Texas

Turtles collected from Waterlife (Austin, Texas) and Guthrie Turtle Farm
(Birmingham, Alabama) were housed in 3,000 gallon (= 11,360 L) pond aquaria
maintained at 78-82 F (= 26-28 C) temperature. Multiple genera were housed within a
single pond. Most of these individuals were not native and had been imported to the U.S.
from various regions across Southeast Asia, primarily Malaysia and Indonesia. Turtles
collected from Concordia Turtle Farm in Wildsville, Louisiana were maintained in
outdoor concrete ponds at high density populations and were captured using sardine-
baited hoop nets. All three localities have historically treated the pond water with copper

sulfate as a control method for leeches.

Turtles were collected in basking traps from Cypress Point at Spring Lake at
Aquarena Springs (San Marcos, Texas). Turtles collected from Deanville, Texas were

captured in hoop nets baited with sardines on private property in a four acre isolated pond
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surrounded with dense vegetation. Turtles collected at Oasis Ranch (Sheffield, Texas)
from the Pecos River and local ponds were also collected from sardine-baited hoop nets.
Turtles collected from Capital Aggregate located in Marble Falls, Texas were hand
caught from the limestone basin creeks. The single individual collected from Griffith

League Ranch located in the Lost Pines of Bastrop, Texas was discovered in a mud

puddle.
Table 4. Taxonomic list of turtles, number of individuals, and region of turtle origin for
individuals examined in this study.
Family Included genera Individuals Region of origin
Chelidae Chelodina n=8 Papua New Guinea
(Austro-American Elseya n=11 Papua New Guinea
side-neck turtles) Emydura n=5 Irian Jaya, Indonesia, Papua
Phrynops n=6 Northern South America
Platemys n=2 Northern South America
Bataguridae Callagur n= Borneo, Indonesia
(pond turtles) Cyclemys n=4 E. India, S. China, Indonesia
Geoemyda =1 8. China to Indochina
Hardella n=2 India
Heosemys n=20 Malaysia
Hieremys n=2 Vietnam to Thailand
Orlitia n=11 Borneo, Indonesia
Rhinoclemys n= Venezuela to Brazil
Sacalia n= Southeastern China
Siebenrockiella n= Sumatra, Indonesia
Emydinae Chrysemys n= North America
(pond turtles) Graptemys n= Central Texas
Malaclemys n= E. and S.E. coastline of U.S.
Pseudemys n=48 Eastern U.S. & NE Mexico
Trachemys n=180 NE Mexico to Central U.S.
Kinosternidae Kinosternon n= Southwest U.S. & Mexico
(mud & musk turtles) Staurotypus n= Central Mexico
Sternotherus n=90 North Americas & Mexico
Pelomedusidae Pelusios n=3 East & Southeast Africa
(Afro-American
side-necked turtles)
Trionychidae Apalone (Trionyx) n=1 North America
(softshell turtles)
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Morphological Identification

All turtles were marked, weighed, sex determined, and body measurements
determined. Any external parasites (leeches) were noted for individuals, and several
leeches were preserved in ethanol for future identification. Turtles were bled with a 20G
needle from the femoral artery or vein. Thin blood smears were made following CDC

protocol (http://www.dpd.cdc.gov Diagnostic Procedures for Blood Specimens) and in

triplicate for each individual to ensure accuracy. Slides were fixed in absolute methanol
for one minute, stained with Wrights Stain (Carolina Biological Supply) for three
minutes, and placed in Wrights Buffer (Carolina Biological Supply) for six minutes
following enclosed protocol using glass Coplin staining jars. After blood smears were
made, all remaining blood per individual was mixed with 700 pl blood storage buffer
(Appendix B) in Nunc® cryotubes. The cryotubes were labeled and stored at -80C as
vouchers in the Forstner tissue collection at Southwest Texas State University. All
molecular analyses were performed from this tissue. Initially the turtles were given a
collector number (GLL number), and later a voucher numbers (MF number) for the

permanent tissue collection.

Blood smears were subsequently examined for 10,000 cells for all three slides per
individual. The level of parasitemia was determined by the number of infected cells per
number of total cells. Intracellular parasites were measured in micrometers for genera
identification. Any other distinguishable morphological characteristics and

cytopathological effects on the turtle cell were noted.


http://www.dnd.cdc.gov
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Populations were compared using 95% confidence intervals between two groups.

The following equation provided the method for analyses:

pP1-p2 i[1-96* (P1(1-p1) N p2(1-p2) ]

m 10%)

where p; is the proportion of infected individuals for the first sub-population evaluated,
and p; is the proportion of infected individuals for the second sub-population. The n; and
n values are the total number of individuals for each sub-population respectively. All

analyses were executed in Excel (Microsoft XP) using this formula.

Molecular identification

For alignment of sequences and development of primers, see chapter 3. Figure 3
shows an overview of the molecular methods used to isolate and amplify
Haemogregarina sp. from turtle blood. The parasite DNA was isolated, amplified by
PCR, and sequenced. A molecular method for identification, a visual band amplified by

PCR, was performed to test the efficacy of the microscopy method of identification.

The Qiagen Dneasy® Extracition kit (#69506) and protocols for animal tissue
were used to isolate both turtle and potential parasite DNA from blood stored in blood
storage buffer. Initially, the primers from Smith et al. (1999) and protocols were

attempted, however it was deemed necessary to develop novel primers (See Appendix D).
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Isolate DNA from blood sample
(turtle & parasite)

R e =

Amplify parasite 18S rDNA from
nucleus by PCR

_ =

Determine success of PCR by agarose gel
electrophoresis then EtBr stain and visualize
under UV hght

- =

Clean the PCR product to remove
unincorporated reagents

s =

Cycle sequence the clean PCR product by
fluorescent dideoxy termination

e s =

Clean the cycle sequence product to
remove unincorporated reagents

N =

Run clean cycle sequence product on
automated sequencer ABI 377 XL

—] =

Determine sequence by ABI Prism
data collection computer software

iy =

BLAST search, sequence alignment,
phylogenetic analyses

Figure 3 Overview of molecular methods for isolating Haemogregarina sp from various
turtle host blood The parasite DNA was 1solated, amplified by PCR, and sequenced
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The Haemogregarina-specific primers developed were 18SF7 (forward) 5’-CAG TTG
GGG GCA TTT GTATTT AAC TGT CA- 3’ and 18SR6 (reverse) 5’ - ATC TAT
CCC CAT CAC GAT GCA YA- 3°. These novel primers were used in the polymerase
chain reaction (PCR) to amplify the 18S rRNA gene for apicomplexans. For chemical
recipes see Appendix B. Amplifications were performed in 100 pl volumes containing
20.0 pl of Buffer A, 1.0 pl DMSO, 1.0 pl of 10 mM dNTPs, 1.0 pl forward primer
18SF7, 1.0 ul reverse primer 18SR6, 0.5 pl of S5p/pl Tag polymerase, 1.0 pl template
DNA, and 74.5 pul ddH,O. Cycling parameters were 95 C for 30 seconds, 55 C annealing
for 60 seconds, and 72 C extension for 60 seconds for 45 cycles using GeneAmp® PCR
System 9700. Amplified products (10 pl) were separated on 1 % agarose gels, stained
with 2% ethidium bromide solution, visualized using ultraviolet illumination and digitally
photographed to record results. PCR products were purified to remove unincorporated
salts, primers, buffers, and dNTPs with the Marligen® Rapid PCR Purification System

(#11458-023) kit using the centrifugation protocol.

Clean PCR products were cycle sequenced with ddH,O + template = 5.5 pl
depending on the PCR product concentration compared to pGEM standard in agarose gel.
For bidirectional cycle sequencing reactions, 0.5 pl sequencing primer, 3 pul Big Dye™
and varying amounts of template and ddH,0 were thermal cycled using GeneAmp® PCR
System 9700 at 96 C for 30 seconds, 50 C for 60 seconds, and 60 C for 4 min for 25
cycles. Sequenced products were cleaned with Sephadex G-50 in CentriSep columns
(Princeton Separations) by centrifugation to remove unincorporated ddNTPs and primers.

Clean cycle sequence products were vacuum centrifuged to remove excess water.
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Products were rehydrated in 1:5 ABI loading buffer to formamide solution.
Products were analyzed on ABI PRISM™ 377 XL automated sequencer following
included protocols. Resulting sequences were BLAST searched (www.ncbi.nlm.nih.gov)
for species determination and aligned using Sequencher™ V4.1.2 (GeneCodes Corp.)
with the final alignment adjusted by eye. See Appendix C for final alignment including
Haemogregarina sequences resulting from this project, and see Appendix E for turtle
alignment. All phylogenetic analyses were conducted using MacClade 3.05 (Maddison

& Maddison, 1992) and PAUP* 4.0b10 (Swofford, 2002) and are discussed in Chapter 3.

RESULTS

Based on the morphology of the intraerythrocytic parasites, the diagnosis was
determined to be either Haemogregarina sp. or Hepatozoon sp. since these were reported
to parasitize chelonians. This judgment was based on previously published photographs
and descriptions of the genera (Acholonu, 1974, Caskey, 1998; Desser, 1972; Hahn,
1909; Jakes et al., 2001; Marquardt, 1966; Paterson & Desser, 1976; Siddall & Desser,
1991; Telford et al., 2001; Wang & Hopkins, 1965). It is generally accepted that
Haemogregarina occurs in turtles and is transmitted by a leech vector whereas
Hepatozoon generally occurs in snakes and amphibians and is transmitted by mosquito or
tick vector. Therefore without elucidation of the complete life cycle the diagnosis was
determined as Haemogregarina sp. based on morphological characteristics and presumed

leech vector. It is assumed that the leech is the intermediate host since the turtles are


http://www.ncbi.nhn.nih.gov
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aquatic and are exposed to leeches. It was not attempted to diagnose specific epithet of
the haemogregarines based on morphological characteristics, however Chapter 3

discusses Haemogregarina nomenclature based on molecular characteristics.

Haemogregarina is distinguished primarily by its transmission by leech vectors.
For many of the specimens for this study in wild populations, leeches were apparent on
the shell and skin when turtles were bled. The leeches were identified as Placobdella
parasitica and Placobdella ornata (Caskey, 1998; pers. comm. Christine Polito
(SWTSU) to GLL, 2003; pers. comm. via Dr. Francis Rose to Liz Borda at American
Museum of Natural History in New York, NY., 2002) The leeches were most often
attached to posterior legs and were protected when the turtle legs were retracted beneath

the shell.

The results for the blood smears and PCR based identification of
Haemogregarina are shown in Table 5. All parasites were identified as Haemogregarina
sp. for all infected turtles. For the three Phrynops geoffroanus individuals (MF5853,
MF5854, and MF5855) the apicomplexan parasite Haemoproteus was identified (See
Figure 15). The PCR method did not detect the Haemoproteus infection in these
individuals. Many individuals exhibited an inclusion body or possible Pirhemocyton sp.
virus (See Figure 13). Amplification attempts with primers from Smith et al. (1999)

were unsuccessful with original parameters as well as modified cycling parameters.
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Table 5 shows the comparison of results for detection of Haemogregarina sp.
infection for microscopy and PCR techniques. All individuals were screened
microscopically for parasites, however only approximately half of the individuals were

screened by PCR for parasites.

Table 5. Comparison of results for detection of Haemogregarina sp. infection for
microscopy and PCR techniques. All individuals were screened microscopically for
parasites, however only approximately half of the individuals were screened by PCR for
parasites.

Family Included genera # Indiv. Microscopy PCR
Chelidae Chelodina n=8 8/8 neg 4/4 neg
(Austro-American Elseya n=11 11/11 neg 6/6 neg
side-neck turtles) Emydura n=5 5/5 neg 3/3 neg

Phrynops n=6 6/6 neg 3/3 neg
Platemys n=2 2/2 neg 1/1 neg
Bataguridae Callagur n=7 7/7 neg 3/3 neg
(pond turtles) Cyclemys n= 1/3 pos 1/2 pos
Geoemyda =1 11 neg 11 neg
Hardella n= 1/2 pos 1/2 pos
Heosemys n=20 19/20 pos 8/10 pos
Hieremys n= 2/2 pos 11 pos
Orlitia n=10 8/10 pos 4/5 pos
Rhinoclemmys n= 1/1 neg 1/1 neg
Sacalia n=2 no slides 2/2 neg
Siebenrockiella n=8§ 6/8 pos 2/4 pos
Emydinae Chrysemys n=1 1M neg 11 neg
(pond turtles) Graptemys n=5 3/5 pos 1/3 pos
Malaclemys n=4 4/4 neg 2/2 neg
Pseudemys n=48 33/48 pos 11/18 pos
Trachemys n=180 29/180 pos 8/19 pos

Kinosternidae Kinosternon n= 2/3 pos 1/2 pos

(mud & musk turtles) Staurotypus n=7 6/6 neg 4/4 neg
Sternotherus n= 313 pos 2/2 neg

Pelomedusidae Pelusios n=3 2/2 neg 2/2 neg
(Afro-American
side-necked turtles)

Trionychidae Apalone (Trionyx) n=1 1/1 neg 11 neg
(softshell turtles)
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Parasitemia in turtle sub-populations

All captive-raised individuals (n=160) were negative for Haemogregarina sp.
infection. Both Guthrie Turtle Farms and Waterlife house multiple genera within large
aquaria. Concordia Turtle Farm turtles included Trachemys scripta elegans and a single
Chrysemys picta in which all individuals (n=141) were diagnosed as negative for

Haemogregarina sp. parasitemia.

Parasitemia levels were determined by dividing the number of infected cells by
the total number of cells counted. All wild caught individuals ranged in parasitemia
levels from 0% to 3.42% with an average of 0.23% overall using microscopy
identification. All captive individuals were negative for Haemogregarina infection,

therefore all had 0% parasitemia levels.

Turtles collected from Spring Lake at Aquarena Springs included Trachemys
scripta elegans, Pseudemys texana and P. nelsoni, and Sternotherus odoratus. The
parasitemia for Trachemys scripta elegans (n=12) ranged from 0% to 1.67%
(mean=0.53%). Pseudemys texana (n=31) ranged in parasitemia from 0% to 0.38%
(mean=0.14%). Pseudemys nelson: (n=2) ranged in parasitemia from 0.039% to 0.06%
(mean=0.05%). The PCR detected parasites in all tested individuals with the exception
of Sternotherus odoratus MF5497 (parasitemia level = 0.14%) and S. odoratus MF5502

(parasitemia level = 0.16%).
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Individuals from Oasis Ranch in West Texas included Pseudemys gorzugi,
Trachemys scripta elegans, and Trionyx (Apalone) spinifera. This location was the only
wild population that was negative for Haemogregarina parasitemia. All individuals
(n=17) from this locality were negative for parasitemia in both blood smears and PCR

assay.

Turtles from the Capitol Aggregate locality in Marble Falls, Texas included 4
Graptemys versa and 1 Trachemys scripta elegans. Parasitemia ranged from 0 to 0.51%
in Graptemys (mean=0.138%) and 0.09% for the single Trachemys specimen. PCR

identification was accurate in identification of parasites for the two individuals assayed.

The single individual from Griffith League Ranch in Bastrop, Texas was a
Trachemys scripta elegans in which microscopy determined parasitemia at 0.08%. The

PCR assay was not performed on this individual.

The private ranch pond locality in Deanville, Texas contained exclusively (n=23)
Trachemys scripta elegans. The parasitemia ranged from O to 1.88% and a mean of
0.28%. The PCR assay was accurate in amplification of haemogregarines with the

exception to the individual MF5894 with a parasitemia level of 0.22%.

Wild-caught, captive-raised individuals were contained at Waterlife and Guthrie
Turtle Farms. These turtles were classified into this category based on translocation

within the past year from a wild population environment. Once turtles were in captivity
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for a period of one year, then they were termed wild-caught, captive-raised (WCCR).
The range of all WCCR parasitemia for 40 turtles (5 infected, 35 non-infected) was from

0 to 0.62% (mean =0.016%).

At the Guthrie Turtle Farm locale, the individuals meeting this criterion for
WCCR included multiple genera. Included are Siebenrockiella crassicollis (n=2,
parasitemia=0%) and Cyclemys dentata (n=4, parasitemia 0% to 0.003%,
mean=0.0015%). Sacalia bealeyi (n=2) did not have blood smears, however PCR results
confirmed that both individuals were negative for parasitemia. For Rhinoclemmys
punctularia (n=1, parasitemia=0%), Phrynops gibbus (n=3, parasitemia=0%), and
Pelusios subniger (n=3, parasitemia=0%). For Platemys platycephala (n=2,
parasitemia=0%), and Kinosternon sonorianse (n=3, parasitemia = 0.03% to 0.62%,
mean=0.325%). PCR diagnosed absence or presence of parasitemia in individuals where
blood slides were not produced. The PCR assay was accurate in the amplification of the
only turtle haemogregarine for this sub-population (Kinosternon sonorianse MF5513 for

PCR assay, however MF5511 was amplified for sequence).

The turtle genera at Waterlife in Austin, Texas also included multiple genera
classified as WCCR individuals. Hardella thurjii (n=2) in which one individual was
positive (parasitemia=0.07%) and one individual was negative (0%) in which PCR
analyses verified these results. Phrynops geoffroanus (n=3), Elseya branderhorstii

(n=11), Staurotypus triporcatus (n=1), Geoemyda nigricans (n=1) Chelodina mccordi
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(n=1), and Emydura subglobosa (n=1) were all negative for parasitemia and verified by

PCR.

Digital images of Haemogregarina sp., Haemoproteus sp., and inclusion body or
Pirhemocyton sp. infection were recorded. Figure 4 shows mature gamonts of
Haemogregarina clelandi in Emydura signata taken from Jakes et al. (2001). The turtle
host was collected from the freshwater Brisbane River in Queensland, Australia. This
image shows the accepted morphology for Haemogregarina sp. in turtle erythrocytes.
Figure 5 depicts Haemogregarina sebai from an African python taken from Hawkey &
Dennett (1989). This image shows the accepted Haemogregarina morphology from a
different source and reveals the identical morphology in an alternative host. Figure 6
shows the immature gamonts of Haemogregarina sp. from MF5810 Pseudemys texana
from Aquarena Springs, San Marcos, Texas. Figure 7 shows multiple immature gamonts
or merozoites of Haemogregarina sp. from MF5798 Pseudemys texana from Aquarena

Springs, San Marcos, Texas.

Figure 8 depicts the immature gamonts of Haemogregarina sp. from Pseudemys
nelsont (MF5796) from Aquarena Springs, San Marcos, Texas. Figure 9 shows the
mature gamonts of Haemogregarina from MF5814 Heosemys grandis rescued 3 months
prior from Malaysia. This parasite form appears to have a parasitiphorous vacuole and is
very large in size comparison to other haemogregarines. Figure 10 depicts the immature

gamonts of Haemogregarina from MF5511 Kinosternon sonorianse obtained 5 years
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prior from Malaysia. Figure 11 shows mature gamonts of Haemogregarina from

MF5807 Trachemys scripta elegans Aquarena Springs, San Marcos, Texas.

Figure 12 depicts a published image of Pirhemocyton sp. from an Indian python
from Hawkey & Dennett (1989) to use as morphologic comparison to this study. Figure
13 reveals a possible Pirhemocyton or inclusion bodies from MF5799 Pseudemys nelsoni
from Aquarena Springs, San Marcos, Texas, however multiple genera exhibited this
artifact or parasite. This individual was infected with Haemogregarina sp. (not shown).
Figure 14 shows the accepted morphology of Haemoproteus chelodinae in Elseya
latisternum from Jakes et al. (2001) to use as morphologic comparison in this study.
Figure 15 shows Haemoproteus sp. infection in Phyrnops geoffroanus (MF5853) from
Waterlife captive facility. It appeared as a white foamy substance that occasionally

displaced the nucleus.

Table 6 shows the sequences at corresponding primer sites previously reported for
successfully isolating haemogregarines from vertebrate hosts. See Wozniak et al. (1994);
Mathew et al. (2000); Smith et al. (1999) for primer reference and sequence. The primers
18SF7 and 18SR6 were the primers used in the current study to isolate Haemogregarina
sp. from turtle blood. Vertebrates were included in the alignment to develop primers
specific for the parasite DNA and excluding the host DNA. In the case of an ambiguous
vertebrate base (N) for turtle sequence, an alternative vertebrate (4//igator) base was

substituted for this table. The Wozniak et al. (1994) primers reveal 100% identity to



Figure 4. Mature gamonts of Haemogregarina
clelandi in Emydura signata from Jakes et al.
(2001). Bar = 8 pm. The turtle host was collected
from the freshwater Brisbane River in Queensland,
Australia. RBC size appx. 20 pm x 12 pm.

Figure 6. Immature gamonts of Haemogregarina
sp. from MF5810 Pseudemys texana from
Aquarena Springs, San Marcos, Texas. Note the
curved parasites that have displaced the host
nucleus. RBC size appx. 20 pm x 12 pm.
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Figure 5. Haemogregarina sebai from an
African python from Hawkey & Dennett, (1989).
The dark-staining nucleus of the parasite is
evident in contrast to the host nucleus. RBC size
appx. 20 pm x 12 pm.
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Figure 7. Multiple immature gamonts or
merozoites of Haemogregarina sp. from MF5798
Pseudemys texana from Aquarena Springs, San
Marcos, Texas. Note the three parasites within a
single erythrocyte that have displaced the host
nucleus. RBC size appx. 20 pm x 12 pm.



Figure 8. Immature gamonts of Haemogregarina sp.

from MF5796 Pseudemys nelsoni from Aquarena
Springs, San Marcos, Texas. Note the two
parasites occupying a single erythrocyte that have
displaced the host nucleus. RBC size appx. 20 pm
X 12 pm.

Figure 10. Immature gamonts of Haemogregarina
from MF5511 Kinosternon sonorianse seized 5
years prior from Malaysia. Note the two parasites
with the dark staining nucleus that has slightly
displaced the nucleus. RBC size appx. 20 pm x 12
pm.
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Figure 9. Haemogregarina from MF5814 Heosemys
grandis obtained 3 months prior from Malaysia.
Note the parasitiphorous vacuole surrounding the
very large parasite. From this perspective, it is not
clear if the parasite is intra- or extra-erythrocytic.
RBC size appx. 20 pm x 12 pm.

Figure 11. Mature gamonts of Haemogregarina
from MF5807 Trachemys scripta elegans Aquarena
Springs, San Marcos, Texas. Note the four parasites
in this one view as well as the host nucleus
displacement. RBC size appx. 20 pm x 12 pm.
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Figure 12. Pirhemocyton sp. from an Indian python
from Hawkey & Dennett (1989). Pirhemocyton
may be a virus that must be examined with electron
microscopy, or may be an inclusion body within the
cell. RBC size appx. 20 pm x 12 pm.

Figure 14. Haemoproteus chelodinae in Elseya
latisternum from Jakes et al. (2001).
Haemoproteus is an Apicomplexan parasite.
RBC size appx. 20 pm x 12 pm.
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Figure 13. Possible Pirhemocyton or inclusion
bodies from MF5799 Pseudemys nelsoni from
Aquarena Springs, San Marcos, Texas. This
individual was infected with Haemogregarina sp.
(not shown). RBC size appx. 20 pm x 12 pm.

Figure 15. Haemoproteus in Phyrnops
geoffroanus (MF5853) from Waterlife captive
facility. It appeared as a white foamy
substance that occasionally displaced the
nucleus. RBC size appx. 20 pm x 12 pm.
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both turtle and parasite regions. The Mathew et al. (2000) 4558 primer contains an 11
base region with 100% identity then the following 13 base region with 31% identity with
turtle sequence. The Mathew et al. (2000) 2733 primer is 100% identical with turtle, and
4374 primer is 94% identical to the host and differs by a single base. The Mathew et al.
(2000) 4559 primer is 65% identical overall, and 100% identical for the last 10 bases (at

the 3’ end) of the primer sequence region.

For the Smith et al. (1999) forward primer, the ITS-1 region was used (which was
not included in the 18S alignment) therefore see Appendix D for ITS-1 region alignment;
Xenopus (Gen Bank #X02995) was the only vertebrate sequence available for alignment
purposes for this region. Both ITS-7 and ITS-8 primers (Smith et al., 1999) show 98%
identity to both Xenopus and Hepatozoon sequence. The primers designed for the current
analyses included 18SF7 and 18SR6, which overall show 63% and 27% identity

respectively to the turtle sequence.

Figures 16 through 20 show the results of PCR amplification of Haemogregarina
sp. from turtle blood. On the 1% agarose gel, a primer band indicates positive result,
whereas lack of a band indicates a negative result. Sample numbers are given in each lane
and turtle genera are abbreviated in captions. For some lanes with very light bands, the
actual gel was observed to determine accurately the positive or negative result. The

following genera were observed as positive for parasitemia in the blood smears, however
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Table 6 Sequences at corresponding primer sites previously reported for successfully 1solating
haemogregarines from vertebrate hosts See Wozniak et al , 1994, Mathew et al , 2000, Smith et al , 1999
The primers 18SF7 and 18SR6 were the pnmers used for this study to 1solate Haemogregarina sp
Vertebrates were included in the alignment to develop primers specific for the parasite and excluding the
host In the case of an ambiguous vertebrate base (N) for turtle sequence, an alternative vertebrate
(Alhgator) base was substituted for this table  For Smith forward primer, the ITS-1 region was used (which
was not included in the 18S alignment) therefore see Appendix D for ITS-1 region alignment, Xenopus
(Gen Bank #X02995) was the only vertebrate sequence available for alignment purposes for this region

Reverse primers have been reversed and complemented to show alignment with sequence

Turtle sequence
Hepatozoon sequence
18AP853.F forward

Turtle sequence
Hepatozoon sequence
18AP1488.R reverse

Wozaniak et al., 1994:

5’- GAG TAA ATT AGAGTG TTC CAA GCA -3’
GAG AAA ATTAGAGTGTTT CAA GCA
GAG TAA ATT AGA GTG TTC CAA GCA

5-GAT TTGTCT GGT TAATTC CG -3’
GATTTG TCT GGT TAATTC CG
GAT TTG TCT GGT TAATTC CG

Turtle sequence
Hepatozoon sequence
4558 external forward

Turtle sequence
Hepatozoon sequence
2733 external reverse

Turtle sequence
Hepatozoon sequence
4374 internal forward

Turtle sequence
Hepatozoon sequence
4559 internal reverse

Mathew et al., 2000:

5- GCT AAT ACA TGC CGA CGA GCG CTG -3’
GCT AAT ACA TGA GCA AAATCT CAA
GCT AAT ACA TGA GCA AAATCT CAA

5- CGG AAT TAACCA GAC AAAT-¥
CGG AAT TAACCA GAC AAAT
CGG AATTAACCA GAC AAAT

5°- ATC CAA GGA AGG CAG C -¥
ATC TAAGGA AGGCAGC
ATC TAAGGAAGG CAGC

§’- CCG ACC CGG GGA GGT AGT GA -¥
CAG CAT AAA AGA GGT AGT GA
CAG CAT AAG AGA GGT AGT GA

Smith et al., 1999:
Xenopus sequence
Hepatozoon sequence
ITS-7 forward

Xenopus sequence
Hepatozoon sequence
ITS-8 reverse

§’- CCG TAG GTG AAC CTG CGG AAG -3’
CGG TAG GTG AAC CTG CGG AAG
CGG TAG GTG AAC CTG CGG AAG

5- GCA TCG ATG AAG GAC GCA GC -3’
GCA TCG ATG AAG GAC GCA GC
GCA TCG ATG AAG GAC GCA GC

Current analyses:
Turtle sequence
Hepatozoon sequence
18SF7 forward

Turtle sequence
Hepatozoon sequence
18SR6 reverse

5’-CGG CCG GGG GCATTC GTATTG TGC CGC TA -3’
CAGTTG GGG GCATTTGTATTT AAC TGT CA
CAGTTG GGG GCATTT GTATTT AAC TGT CA

§’- ACC CCATTC GTG ATG GGN ATC GGG -3’
TGT GCAT :C GTG ATA GGA ATA GAT
TRT GCA TCG TGA TGG GGG ATA GAT
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resulted as negative for parasitemia in the PCR assay:
o MF#5826 Hieremys annandelli (parasitemia=0.61%)
e MF#5513 Kinosternon sonorianse (parasitemia=0.03%)
o  MF#5460 Pseudemys texana (parasitemia=0.16%)
o  MF#5463 Pseudemys texana (parasitemia=0.01%)
o MF#5464 Pseudemys texana (parasitemia=0.25%)

o  MF#5497 Sternotherus odoratus (parasitemia= 0.14%)

There were not any blood smears deemed as negative that resulted in a positive PCR

result.

The statistical significance of infections between populations were evaluated by
pairwise comparisons between captive, wild, and WCCR (wild caught, captive raised)
populations. For captive to wild populations, WCCR to wild populations, and captive to
WCCR populations there was no difference between the populations based on the
confidence interval values. For the microscopy method to PCR method within Chelidae
and separately within Emydinae, there was no difference between the populations based
on the confidence interval values. However, for the microscopy method to PCR method
within Bataguridae and separately within Kinosternidae there is a difference between
populations based on the confidence interval values. Table 7 shows the confidence

interval values for pairwise comparisons.
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Table 7. Pairwise comparisons of confidence intervals among for turtle sub-populations,
p~proportion of infected individuals for group 1, p2= proportion of infected individuals for group 2,
n~total number of individuals for group 1, n2=total number of individuals for group 2. In a
pairwise comparison, ifthe upper bound and lower bound include O, there is not a difference

between the two groups. Ifthe upper bound and lower bound do not include 0, then there is a

difference between the two groups.

Captives to Wild
WCCR to Wild

Captives to WCCR
Microscopy vs. PCR for
Chelidae

Microscopy vs. PCR for
Bataguridae
Micrascopy vs. PCR for
Emydinae

Microscopy vs. PCR for
Kinosternidae

Pi
0.125
0
0
0.69811
027311
0.41667

ni

160
40
160

32
53
238
2

74
0.76136
0.76136

0.125

0
0.54839
046511

0.125

n2
228
228
40

7
3
8
8

formula
0.0553
0.1165
0.1025

0
0.2144
0.159%
0.3610

upper
bgﬁnd

0.8167
1.0028
0.2275

0
14609
0.8977
0.9027

lower
bound

-0.7060
-0.5199
-0.0225

0
0.3641
-0.0325
0.6527

ifference
efween
groups
no

no
no
no

yes
no
yes
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DISCUSSION

All individuals (100% of 160 turtles) from captive populations were negative for
parasitemia. For these captive populations, parasitological control of leeches had
historically been performed through the addition of copper sulfate which appears to be
correlated with absence of parasitemia. Wild populations, however, do not have any
method of leech vector control and the different localities show varying degrees of
haemogregarine parasitemia. Turtles that were imported from Asia (wild populations)
harbored leeches that potentially could have infected the captive populations that were
not exposed to the vector. The WCCR individuals that were positive for
Haemogregarina sp. probably had an existing infection prior to translocation and were
not infected upon arrival to the captive ponds. The two leeches identified from Spring
Lake at Aquarena Springs were Placobdella ornata and P. parasitica. It is not known,

however, if there is any host specificity of the haemogregarines to the leeches.

Method comparison

The microscopy method compared to the PCR method revealed that 6 out of 107
(5.6%) individuals were positive with microscopy but failed to prove positive in the PCR
assay. For low-level parasitemia, however, it is essential to use “enough” blood for the
initial DNA extraction to acquire the haemogregarine parasite. In an estimation to
compare the amounts of blood per assay, it was calculated approximately that 10ul of

blood was used for each blood smear whereas approximately Sul of only blood
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(excluding the blood storage buffer) was used for the DNA extraction. Perhaps an
increase in the amount of the blood-blood storage buffer solution would increase the
accuracy of the PCR assay. It should be noted, however, that negative blood smears and
negative PCR assessments do not necessarily eliminate the possibility of an infection that
is too low to detect. It is suggested that both blood smears as well as PCR is used for

future Haemogregarina studies.

It is interesting to note the molecular problems encountered previously for
amplification of Haemogregarina (or Hepatozoon) genera. Table 6 shows that a
majority of the alleged success for haemogregarines may in fact be amplification of the
host. Given the fact that reptilian erythrocytes are nucleated, there is a significant amount
of DNA that is isolated with the parasite DNA in extraction from whole blood. In the
estimate of a low infection of 0.20%, the amount of host DNA would be 500 times more
than the amount of parasite DNA. An evaluation of the primer sites (see Table 6) used in
Wozniak et al. (1994) reveal that the primers are 100% conservative for the host and the
parasite. Given the vast amount of host DNA, it is probable that Wozniak et al. (1994)
amplified the host. Mathew et al. (2000) used internal and external primers to gain
parasite specific regions (see Table 6). The Mathew et al. (2000) 4558 external appears
to exclude the host, however the 2733 external primer is 100% identical to both host and
parasite. In an evaluation of Mathew et al. (2000) internal primers, the 4374 internal is
almost identical to both host and parasite gene regions. The Mathew et al. (2000) 4559
internal has differentiation between host and parasite, which occurs at the 5’ region.

However, the binding specificity is much more important at the 3’ region for primer
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sequence. For the Mathew et al. (2000) study, it is uncertain whether the parasite was
indeed isolated. In a similar study, Smith et al. (1999) evaluated molecular identification
of haemogregarines. An evaluation of Table 6 with the only vertebrate ITS region
available reveals 100% identity to both host and parasite genes. This, as well as Wozniak
et al. (1994), prove that amplification of only the parasite and not the host is
mathematically unfeasible. An examination of the primers used for the current study
(See Table 6) show variability at the 3’ sequence region that is necessary for

amplification of Haemogregarina.

Haemogregarina infections that had not previously been reported for the

following turtle taxa (most of which are translocated turtles) are:

o  Cyclemys dentata

e Graptemys versa

e Hardella thurjii

e Heosemys grandis

o Hieremys annandali

® Kinosternon sonoriense

o Orlitia borneensis

o Siebenrockiella crassicollis
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Prevention of transmission

Conservation strategies involving captive husbandry may potentially create
infections in unnatural hosts and thus decrease the viability of these captive populations.
The recently-obtained turtles from Asia (within the past three months) all were positive
for Haemogregarina infections. This parasite could potentially induce a pathogenic
response in the captive-maintained turtles if the parasite differs significantly from the
haemogregarines in which these turtles were previously exposed. Haemogregarines are
speculated to not be pathogenic in their natural hosts, however they may be pathogenic in
unnatural hosts. Until further transmission studies and host specificity are determined, it
is safe to consider turtles in a new environment to be unnatural hosts and thus the
parasites as potential pathogens. Captive management is essential for the survival of

these endangered turtles, however strict disease control methods are vital.

Most animals are translocated for three reasons: reintroduction of native species
that have become extinct in a locality, increasing low populations of individuals, and
rehabilitating illegally captured and confiscated organisms (Woodford, 2000). In order to
effectively translocate endangered turtles to promote biodiversity through conservation,
an accurate and successful strategy to promote the welfare of the turtles is essential. One
of the many factors that must be evaluated is the presence of disease that may infect the
resident population. Researchers consider the translocated organism as more than a
single individual but “as a ‘package’ containing an assortment of potentially dangerous

viruses, bacteria, protozoa, helminths and arthropods, any of which may become
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pathogenic in a new situation, involving stressed individuals in a changed environment”

(Griffith et al., 1989).

Woodford (2000) outlines protocols for effective quarantine and health
evaluations preceding the translocation of animals. This includes a full health
evaluation, a quarantine interlude, and pre-release treatment including vaccinations when
available. The introduction of disease during translocation has the capacity to reverse the
possible benefits of the captive breeding programs by causing death,
immunocompromised individuals at risk to other diseases, and decrease in reproduction
(Cunningham, 1996). An introduction of new parasites (to potentially new hosts) may
also disturb the host-parasite relationship (Cunningham, 1996) thereby affecting the
ecology of the new environment. Control of the leech vector does appear to control the

spread of Haemogregarina infection and persistence.

For Haemogregarina sp. infections involving seized turtles, the pathogenicity of
this parasite should be determined for the pathological effects in natural and unnatural
hosts. Other factors that need to be considered are the length of infection for a particular
host, chemotherapy treatment, the level of infection that can be tolerated, and in-depth
transmission studies involving associated vectors. This study is a preliminary

perspective considering the species infected and parasite detection for further analyses.



CHAPTER III

PHYLOGENETIC ANALYSES

OF HAEMOGREGARINA

Comparison among multiple species reveal information on the adaptive processes
and evolutionary histories, thus revealing the chronology of evolutionary events.
Phylogenetic analyses map these evolutionary events based on synapomorphic characters.
Preceding to the application of molecular phylogenetics, apicomplexans were identified
and classified solely on their morphological characters and life history. This included
size and shape of various life cycle stages and the location of infection. Morphological
characteristics of apicomplexans that were used for systematic classification and
phylogenetic analyses included ultrastructural characteristics, shape and size of various
life stages, location of gamonts in host cell, and type of definitive host (Smith et al.,
2000; Siddall & Desser, 1991). Morphology, vertebrate host, invertebrate host,
ecological and biogeographical conditions were utilized to produce phylogenies. This
proves to be problematic, however, due to ambiguous terminology, functional
speculation, the determination and eventual assignment of primitive or derived
characters, and in establishing homology. Today both morphological and molecular data

are used in identification, systematic classification and phylogeny reconstructions.

56
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In phylogenetic reconstruction, there are five conditions in which the use of only
morphological data are insufficient for distinguishing species boundaries (Hillis et al.,
1996):

1) Species may be sympatric (overlapping) or parapatric (adjacent to), but differ

significantly in morphology and remain unnoticed as a species unit

(Donnellan and Aplin, 1989).

2) Allopatric (geographically isolated) populations may also remain unnoticed as

a species unit when considering the Biological Species Concept.

3) Parametric populations could represent morphologically distinct isolates

however crossbreeding occurs (Jackman & Wake, 1994).

4) Populations with morphologically distinguishable isolates merely represent

variation in the single interbreeding population (Hillis et al., 1991).

5) Morphologically similar groups represent individual speciation events and

show convergence in morphologic characters.

Phylogenetic reconstruction of apicomplexans based solely on morphological
characters leads to difficulties in species determination based on highly conserved
ultrastructure and life histories, an a priori concept of primitive or derived characters,

ambiguous descriptive terms, determination of homology, and multiple host-switching
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events. Molecular characters used for phylogenetic reconstruction, however, provide
explicit and definable characters (only 4 nucleotides) that may be used to determine
homology. Both morphological and molecular data are limited with respect to
convergence, however, as the erroneous homology is due to a similar evolutionary

change.

For identification and phylogenetic analyses in the Apicomplexa, ribosomal DNA
genes have been used including 18S, 5.8S, and ITS regions (Cai et. al, 1992; Goggin,
1994; Kim et ah, 1998; Mathew et al, 2000; Moon-van der Staay, 2001; Perkins & Keller,
2001; Smith et al., 1999; and Wozniak & McLaughlin, 1993). The small subunit
ribosomal DNA from the apicoplast genome has also proven to resolve taxonomic
differences and phylogénies (Obomik et ah, 2002). These genes can be used to
determine morphologically indistinguishable but otherwise distinct species (Hillis &
Dixon, 1991). Figure 21 shows a diagram of the ribosomal DNA gene family in

eukaryotes (Hillis & Davis, 1986).

NTS ETS ITS-1 ITS-2

J : 3
18S gene 5.8S gene 28S gene

Figure 21. Diagram of the ribosomal DNA gene family in eukaryotes (Hillis & Davis, 1986).
The shaded blocks show the 18S, 5.8S, and 28S genes coding regions. The NTS is the
nontranscribed spacer, the ETS is the external transcribed spacer, and the ITS regions are the
internal transcribed spacer regions. In eukaryotes, the 18S = 1800 nt, 5.8S = 160 nt, and 28S =
over 4000 nt.
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The small subunit of ribosomal DNA is often employed to determine
phylogenetic relationships of eukaryotes. This molecule’s attributes include its
conservation due to functional constraints, variable mutation rates in different
substructure positions, and its ubiquity among all taxa (Ouvrard et al., 2000). The 18S
subunit is an established region containing both low substitution rates as well as regions
of high substitution rates. This allows for phylogenetic resolution of organisms of deep
divergence (between classes) as well as recent divergence (between species). The
approximate length in eukaryotes for the ribosomal genes are 18S = 1800 nt, 5.8S = 160
nt, and 28S = over 4000 nt. (Hillis & Dixon, 1991). There are two internal transcribed
spacers: one between 18S and 5.8S and the other between 5.8S and 28S. The transcribed

spacers contain signals for processing the rRNA transcript (Hillis & Dixon, 1991).

There have been numerous attempts at phylogenetic reconstruction based on
apicomplexan morphology and life history (Mathew et al., 2000; Siddall, 1995; Barta,
1989), however morphologic comparisons were not covered in the scope of this project.
There were far fewer efforts at phylogenetic reconstruction based on molecular characters
within the Apicomplexa. Most phylogenies were limited to an inadequate number of taxa
under investigation for a phylum-level study. Table 6 features a list of genera evaluated
in previously published in molecular phylogenetic analyses within Apicomplexa The
analyses in this study are the most taxon inclusive evaluating 18S nrDNA for
Apicomplexa. Leander et al. (2003) used 18S and beta-tubulin and included
Apicomplexans in addition to Ciliates, Perkinsids, and Dinoflagellates. Mathew et al.

(2000) utilized ITS regions and 18S rRNA with fewer taxa and Morrison & Ellis (1997)
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also evaluated 18S rDNA. Obornik et al. (2002) examined apicoplast (degenerate plastid
genome which lacks genes for photosynthesis) rDNA, and Perkins & Keller (2001) used

the mitochondrial gene region Cytochrome b.

The only genera of Apicomplexa accessible through GenBank (see Table 8) that
were not included in sequence alignment or phylogenetic analyses for this study include
Ascogregarina, Besnoitia, Choleoeimeria, Frenkelia, Haemoproteus, Hepatocystis,
Lecudina, Leucocytozoon, and Goussia. This was due to their sequence from a gene that
did not include 18S or the inability to fit their sequence into the final alignment due to
extreme sequence divergence. GenBank does not currently have Haemogregrina
sequence, therefore novel primers were developed and sequence successfully generated

for phylogenetic analyses. See chapter 2 for molecular methods and sequence generation.

Morphologic analyses

The numerous attempts at phylogenetic reconstruction for apicomplexans
morphology were historically based on morphology. Although morphological characters
were not examined in the current study, it is useful to examine morphologic
synapomorphies as additional support of phylogenies. Figure 22 depicts the consensus
tree of the 2 most parsimonious trees resulting from a phylogenetic analysis of 26
morphologic characters (Smith et al., 2000). This tree uses coccidia Klossia and Adelina

as outgroups and shows most isolates of Hepatozoon as a monophyletic group. Sister
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Table 8. List of genera evaluated in molecular phylogenetic analyses within Apicomplexa. The current
analyses are the present study evaluated 18S rDNA. Leander et al. (2003) used 18S and beta-tubulin
and included Apicomplexans in addition to Ciliates, Perkinsids, and Dinoflagellates. Morrison & Ellis,
(1997) evaluated 18S rDNA. Mathew et al. (2000) also utilized 18S rRNA. Obornik et al. (2002)
evaluated apicoplast rDNA for Apicomplexans and algal plastid lineages. Perkins & Keller (2001)
examined Cytochrome b.

Current Leander et Morrison & Mathew et Obornik et Perkins &
analyses al., 2003 Ellis, 1997 al., 2000 al., 2002 Keller, 2001
Babesia y V' y
Caryospora y
Colpodella y y
Cryptosporidium y y y y
Cyclospora y y
Cytauxzooon y y y y
Eimeria y y y y v’ y
Gregarina y y y
Haemogregarina y
Hammondia y
Hepatozoon y y y y
Hyaloklossia y y
Isospora y y
Lankesterella y y
Lecudina y
Leidyana y y
Monocystis y y
Neospora y y y y y
Ophriocystis y y
Plasmodium y y y y y
Pseudomonocystis y
Sarcocystis y y y y y y
Theileria y y y y y
Toxoplasma y y y y y
Total 23 14 9 13 8 9
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Klossia helicina

snail Adelina tenebrionis
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231 , Hepatozoon gracilis

8.0
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12.1 250 Hepatozoon domerguei
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7.4 Hepatozoon mocassini
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*
744,233 Hepatozoon breinli
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111,19 Hepatozoon erhardovae

23.2,26 Hepatozoon griseisciuri

acanne Hepatozoon Iygosomarum

Karyolysus lacertae
8.2*, 19
Hemolivia mauritanica
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20%24 Hemolivia stellata
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Figure 22. Consensus tree of the 2 most parsimonious trees resulting from a phylogenetic analysis of 26
[morphologic] characters Length = 50 steps, CI=0.72, R1=0.89. Transformation numbers correspond
to characters listed in Table 1 [of Smith et al. 2000], with hypothesized homoplasy events indicated by
asterisks. The type of mvertebrate host (character 27) utilized by each species is mapped onto the trees
constructed by analysis of the first 26 characters. Entire diagram and legend from Smith et al. (2000) as
comparison of previously accepted morphologic phylogenetic tree.
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group to the Hepatozoon includes a Karyolysus-Hemolovia clade, sister to Desseria,

sister to Cyrilia-Haemogregarina clade.

The currently accepted systematics for Apicomplexa used in this study are
outlined in Table 9. Apicomplexans that did not have sequence in GenBank, with the

exception of Haemogregarina, could not be added to the molecular phylum-level study.

Molecular analyses

Previous phylogenetic hypotheses of Apicomplexa based on DNA sequence
variation of the 18S rRNA gene are depicted in Figure 22 (Mathew et al., 2000). This
cladogram places the Piroplasmida (Babesiidae and Theileriidae) as a monophyletic unit,
and Theileria monophyletic with Cyfauxzoon. This agrees with previous systematic
work. Interestingly, Cryptosporidium falls outside the order Eimeria and into an unusual,
but weakly supported, monophyletic grouping of Order Eucoccidiorida and Order
Haemosporidia from the class Gregarina. The order Eimeriida is monophyletic (with the
exception to the Cryptosporidium previously noted). The families Eimeriidae and
Sarcocystidae show as sister clades with the exception to the Eimeriidae Isospora
placement within the Sarcocystidae. The two cladograms represented are identical in
methodology with the exception to Figure 23a includes gaps and Figure 23b excludes
gaps from analyses. With gaps excluded, the bootstrap values are significantly higher,

and the topologies nearly identical.
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Table 9. Current accepted systematics for Apicomplexa for taxa used in this
study using NCBI nomenclature (www.ncbi.nim.nih.gov).

Kingdom Protista
Phylum Apicomplexa
Class Coccidia
Order Eimeruda
Family Cryptosporidiidae
Genus Cryptosporidium
Family Eimerudae
Genus Caryospora
Genus Cyclospora
Genus Eimenia
Genus Isospora
Family Sarcocystidae
Genus Hammondia
Genus Hyaloklossia
Genus Neospora
Genus Sarcocystis
Genus Toxoplasma
Order Eucoccidiorida
Family Haemogregarinidae
Genus Hepatozoon
Genus Haemogregarina
Family Lankesterellidae
Genus Lankesterella
Family Colpodeliidae
Genus Colpodella
Class Gregarina
Order Eugregarinida
Family Gregarinidae
Genus Gregarina
Family Leidyanidae
Genus Leidyana
Family Monocystidae
Genus Monocystis
Family Ophryocystidae
Genus Ophryocystis
Family Pseudomonocystidae
Genus Pseudomonocystis
Order Haemosporndia
Family Plasmodudae
Genus Plasmodium
Class Piroplasmida
Family Babesiidae
Genus Babesia
Family Theilerndae
Genus Cytauxzoon
Genus Theilena
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Figure 23. Phylogenetic hypotheses of Apicomplexa based on DNA sequence variation of the 18S
rRNA gene. a. Results of bootstrap analysis with equal weights applied to transitions and
transversions and gap positions included in the analysis. Numbers above each clade represent the
percentage of bootstrap iterations in which each clade was detected, whereas numbers below each
lineage represent branch lengths. b. Results of bootstrap analysis with equal weights applied to
transitions and transversions and gap positions excluded from the analysis. Numbers above each
clade represent the percentage of bootstrap iterations in which each clade was detected, whereas
numbers below each lineage represent branch lengths Entire diagram and legend from Mathew et
al. (2000) as comparison of previously accepted molecular phylogenetic tree.

It is important to examine any phylogenetic hypotheses meticulously including
methods of tree construction. In phylogenetic analyses, there are currently three main
techniques for deducing the true tree: maximum parsimony, distance methods, and
maximum likelihood. These three methods of tree reconstruction utilize different criteria

for selecting the best estimate of the true evolutionary history. Different models can be
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compared only by how well they fit the data with respect to a particular optimization
criterion. The best fitting tree is that which maximizes the signal in the data set and
minimizes the homoplastic variation. For maximum parsimony, the best tree is that
which describes the minimum sequence evolution with the shortest treelength. For
distance methods, the best tree is that which minimizes total sum branch length changes
with the lowest minimum evolution (ME) score. For maximum likelihood, the best tree
is the tree which has the best likelihood of the data fit with the model of evolution which
is the lowest -InL score (or the highest probability of the data fit). It should be noted,
however, that the tree with the optimal score is not necessarily the true tree (Takahashi &

Nei, 2000).

Maximum parsimony is the principle that aims to minimize the number of
evolutionary changes required to explain the distribution of the data on the tree. This
theory abides by Ockham’s Razor in which the best hypothesis is the one requiring the
smallest number of assumptions (Graur & Li, 2000). Optimal trees therefore have the
shortest treelength in which the smallest number of character changes is required. The
hypotheses of evolutionary relationships do not necessarily assume that evolution always
occurs parsimoniously, however parsimony is used as a method for choosing between
competing evolutionary relationships (Takahashi & Nei, 2000). This method simply
assumes that apparent homology is more likely attributable to true homology than
homoplasy, and follows that one change on one branch is more likely than two on
different branches (Mishler, 1994). By minimizing the number of substitutions (or

steps), this reduces the number of homoplasies (parallel, convergent, and back
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substitutions). The advantages of maximum parsimony include its minimal assumptions
about character state change and for small data sets (< appx. 13 taxa) can often find a
globally optimal solution by full searches (Swofford et al., 1996). One disadvantage of
parsimony includes its production of sets of equally short parsimonious trees which can
differ distinctly in topologies. These trees may have identical tree statistics and therefore
no one tree can be supported. Another disadvantage of maximum parsimony is that it is
limited by an underestimation of branch lengths for sequences that have undergone these

homoplastic substitutions.

Distance matrix methods consider the evolutionary distances (i.e., the number of
nucleotide substitutions between two taxa) for all pairs of taxa and constructs a
phylogenetic tree using an algorithm based on a clustering criterion among the distance
values. There are several reasons that distance characters are superior to character data.
First, DNA sequence data is more informative if converted into a mathematical
comparison in the similarities/differences in the sequences. Second, multiple
substitutions at one site can be corrected for by the comparison of the number of
substitutions between two sequences however correction methods would not apply to the
individual sequences. Third, there are many distance methods as well as distance
correction algorithms that are fast and efficient even for large numbers of taxa (Graur &
Li, 2000). The distance measure of neighbor-joining finds the shortest tree by
sequentially clustering neighbors that minimize the total number of changes on the tree.
A main disadvantage of distance methods during the conversion of character data into

distance data information can be lost to allow conversion back to the character data
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(Swofford et al., 1996). Another disadvantage is that there is no biological consideration
for clustering nor does it lead to identification of highly informative characters. The
advantages of distance methods include a single solution and its relative fast

computational time.

Maximum likelihood is the method that evaluates the probability of observing the
data under a specific topology and a specified model of character state changes or
substitution model. The likelihood is evaluated by a logarithmic function or the log
likelihood (In L) of the tree. The maximum likelihood tree is therefore the tree with the
highest likelihood value (or higher probability for the observed state). The probabilities
of rate substitution are dependent upon the assumptions about how the nucleotides
evolved and evolutionary time. It is therefore possible to have a tree with the highest
likelihood value under one substitution model not be the same maximum likelihood tree
under a different model of nucleotide substitution (Graur & Li, 2000). The advantages
of maximum likelihood include its tendency to be consistent, to have low variance, and it
tends to outperform alternative methods when evaluated under many models of sequence
evolution (Swofford et al., 1996). The disadvantage includes its increased number of

assumptions about character evolution that could be incorrect.

The molecular clock hypothesis proposes that for a sequence the rate of
substitution is approximately constant over time in all evolutionary lineages and that the
rate of evolution is equal to the rate of mutation (Li, 1997). Substitution rate differences

could arise in sequences with an unbalanced transition and transversion ratio as well as
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homoplastic substitutions (parallel, convergent, and back substitution). Transitions
(purine = purine, or pyrimidine - pyrimidine) are found to occur more frequently than
transitions (purine = pyrimidine, or pyrimidine = purine) due to an energetic difference
in the reaction. Back substitutions (A—=> T = A) would be expected over evolutionary
time since there are only four possible character states and some sites will have reverted
back to their original state (Mindell & Thaker, 1996). In phylogenetic analyses, it is
essential to consider these frequency differences and reversions in order to accurately

reconstruct phylogenetic relationships.

The number of nucleotide substitutions between two sequences can be used to
compute the rate of evolution, to estimate divergence time, and can be used in
reconstructing phylogenetic trees (Yang, 1996). By comparing two sequences that share
apomorphic characters, it is reasonable to consider that a single nucleotide substitution
may take millions of years to occur. In considering sequence divergence, one must
consider the case of multiple substitutions at the same site. The impact of multiple
substitutions is the number of observed substitutions would be less than the actual
number of substitutions. After the separation of two nucleotide sequences, each sequence
will accumulate their own substitutions which increase divergence between the two
sequences. Over a significant period of time, however, the probability of multiple
substitutions at the same site increases, which will decrease rather than increase the
differences between the two sequences (Li, 1997). These multiple substitutions at the
same site may lead to parallel substitutions, coincidental substitutions, convergent

substitutions, and back substitutions. One must also consider that there are portions of
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sites that are unable to allow substitutions (possibly due to a strong functional constraint),
however the remaining sites would continue to vary at a particular rate (Swofford et al.,
1996). These factors must be considered when choosing an appropriate phylogenetic

method in attempt to correct for homoplasy.

It is possible to correct for these nucleotide substitution anomalies by choosing a
nucleotide substitution model that differs in the assumptions about the process of
nucleotide substitutions. It is expressed as substitutions per site per evolutionary time at
which each nucleotide is replaced by each alternative nucleotide. PAUP* has the twelve
most commonly used correction algorithms, however there are over 50 possible
correction algorithms used today. Distance correction methods correct unequal base
frequencies and/or unequal substitutions that may be a source saturation in the dataset.
Tajima-Nei (1984) also assumes that all there are unequal base frequencies and only one
substitution type. The general time reversible (GTR) from Lanave et al. (1984) and
Rodriguez et al. (1990) assumes unequal base frequency and 6 substitution types.
Tamura-Nei corrects for unequal base frequencies and 3 substitution types (Tamura &
Nei, 1981). HKY8S5 corrects for unequal base frequencies and unequal Ti:Tv ratio
(Hasegawa et al., 1985). One can either have PAUP* calculate the base frequency
percentages or use another software program such as Modeltest (v.3.06, Posada 2001) to
calculate the data set statistics to choose between nucleotide substitution models.
Modeltest uses log likelihood scores to establish the model of DNA evolution that best
fits the data and produces output that is specific to the data set to be used in maximum

likelihood analyses.
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There are several confidence measures for assessing the reliability of a particular
data set: character support, branch support, and topology support. Character support can
be determined by the consistency index, retention index, and rescaled consistency index
provided in PAUP*. These values range from 0 for homoplastic characters to 1 for

consistent characters.

Branch support can be evaluated by the bootstrap and jackknife methods that
provide pseudoreplicates within the data set. The bootstrap technique provides statistical
confidence by repeatedly sampling data from the original sample data set. Sampling with
replacement means that a sampled site can be resampled with the same probability as any
other site (Felsenstein, 1985), therefore some sites may be sampled multiple times and
some sites may never be sampled. The bootstrap value is expressed as the number of
replicates that support a particular clade, where 100% is the highest support. Jackknifing
is another resampling technique which is very similar to bootstrapping, however
eliminates the chance of resampling the same site. Jackknifing randomly takes a certain
percentage (usually 50%) of the original data set and creates a new matrix and new tree,
and this process is repeated usually 1,000 times. The jackknife value is also expressed as

the number of replicates that support a particular clade (Graur & Li, 2000).

Topology support can determine if there is phylogenetic signal in the data set, and
whether a topology is significantly favored over another topology. Congruent trees are

derived from different data sets or methodologies but reveal identical topologies. The
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congruence of topologies supported by independent data partitions is considered some of
the strongest support for phylogenetic relationships (Cunningham, 1997). If the data set
has undergone the same evolutionary history, then incongruity between data partitions
must occur from phylogenetic inaccuracy (Bull et al., 1993). It has also been shown that
congruence is valuable in parsimony when it is uncertain when to apply weighting
methods. Congruence between two topologies in which the data has been analyzed by

different methodologies further supports a given topology in a data set.

Phylogenetic analyses are essential in the classification of organisms and use
synapomorphic characters to group similar taxa. There are two central concepts used to
guide attempts to classify organisms into naturally occurring “species.” The Phylogenetic
(Evolutionary) Species concept contends that a species is “a single lineage of ancestral-
descendant populations which maintains its identity from other such lineages and which
has its own evolutionary tendencies and historical fate (Wiley, 1978). Under this theory,
species are defined as the smallest diagnosable monophyletic group. Cladogenesis on a
phylogenetic tree represents a distinguishable amount of dissimilarity between taxa that
once shared a common ancestor. This differs in philosophical basis from the Biological
Species Concept which considers species valid only when a group of individuals are
capable of exchanging genetic material with each other but remain reproductively
isolated from all other such groups (Mayr, 1942). This theory does not allow for
hybridization between “species.” Both species concepts are limited with respect to

convergence in morphological and molecular data.
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The widely distributed reports of the occurrence of Haemogregarina in turtles
prompted the investigation of all accessible populations for the current study. This
includes endemic Texas turtle genera from several localities as well as translocated Asian
turtles under captive management. In an effort to evaluate the phylogeny, taxonomy,
host specificity, and co-evolutionary status of Haemogregarina in naturally-occurring

populations and translocated populations, the following objectives were delineated:

1) Generate molecular sequence for Haemogregarina utilizing novel primers

specific to the parasite and exclusive of the turtle host;

2) Align Haemogregarina sequences with all available Apicomplexa 18S

molecular sequence for maximum sequence homology and minimal gaps;

3) Determine the phylum-level apicomplexan topology and placement of

Haemogregarina,

4) Evaluate the family-level topology of Haemogregarinidae to determine

systematics of Haemogregarina from different turtle hosts; and,

5) Assess the host specificity and coevolutionary status for Haemogregarina for

different populations of turtles.
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METHODS

Alignment of sequences

All Apicomplexa sequences were obtained from NCBI’s GenBank nucleotide
database (http://www.ncbi.nlm.nih.gov/), imported into Sequencher (v.4.12, GeneCodes
Corp.) and aligned to determine sequence homology (See Phillips et al., 2000). For all
apicomplexans, only the 18S gene of nDNA was chosen due to its evolutionary studies
on this phylum previously (Morrison & Ellis, 1997; Smith et al., 1999; Mathew et al.,
2000; Perkins & Keller, 2001). Table 10 lists the genera and their corresponding
GenBank accession numbers and length in base pairs prior to alignment. All organisms
are Apicomplexans with the exception to Entamoeba histolytica which was chosen for an
outgroup to the apicomplexans. GenBank does not currently contain sequence for
Haemogregarina. When available, multiple representatives from a taxa were used in
attempt to avoid the prospect of chance convergence that can occur due to only four

character states in nucleotide sequence (Hedges et al., 1990).

Once the apicomplexan sequences were aligned using Sequencher software,
reptilian taxa (18S) were included to ensure primer specificity to the parasite and
excluding the host. The reptilian taxa and GenBank accession numbers are as follows:
Alligator mississippiensis [AF173605], Heterodon platyrhinos [M59392], Sceloporus
undulatus [M59400], and Trachemys scripta [M59398]. Previous molecular analyses

primers were also included in the alignment to determine affinity to vertebrate host and


http://www.ncbi.nlm.nih.gov/
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apicomplexan parasite. Novel primers were developed based on this alignment and used

for further molecular analyses to amplify Haemogregarina sp. from infected turtles that

were diagnosed from the corresponding blood smears. For the laboratory

Table 10. Table of sequences used for alignment for 18S nrDNA obtained from GenBank (NCBI) with
the accession number and the length in base pairs noted. Sequences were aligned in Sequencher

(v.4.12,GeneCodes Corp.) and examined for development of novel primers to amplify

Haemogregarina (sequences not available through GenBank) during Polymerase Chain Reaction
amplification. The length of each taxa is represented as the number of bases prior to additional gaps

required for alignment.
Organism GenBank No Length Organism GenBank No Length
Babesia divergens U16370 1724 Gregarina caledia L31799 1210
Babesia odocoiler U16369 1723 Gregarina chortiocetes L31841 1210
Caryospora bigenetica AF060975 1751 Hammondia hammondi AH008381 1747
Caryospora bigenetica AF060976 1751 Hepatozoon catesbianae AF176837 1120
Colpodella pontica AY142092 1779 Hepatozoon canis AF206669 368
Colpodella sp AY 142075 1730 Hepatozoon carnis AF176835 1120
Cryptosporidium sp AF112573 1743 Hepatozoon sipedon AF206671 367
Cryptospondium felis AF112575 1781 Hepatozoon americanum AF176836 1413
Cryptosporidium meleagndis  AF112574 1744 Hepatozoon sp AF418558 625
Cryptospondium parvum AF161859 1746 Hyaloklossia lleberkuehni AF298623 1564
Cryptosporidium parvum AF161858 1746 Isospora robini AF080612 1790
Cryptospornidium parvum AF112576 1741 Isospora suis U97523 1822
Cryptosporidium parvum AF112572 1749 Leidyana migrator AF457130 1461
Cryptospornidium parvum AF164102 1746 Lankesterella mimma AF080611 1781
Cryptosporidium parvum AF112571 1750 Monocystis agilis AF213514 793
Cryptosporidium parvum AF112569 1748 Monocystis agilis AF457127 1773
Cryptospondium parvum AF112570 1750 Neospora caninum U17346 1747
Cryptosporndium parvum AF115377 1749 Ophniocystis elektroscirrha AF129883 1811
Cryptospondium parvum L.25642 1507 Perkinsus atlanticus u07697 60
Cryptospondium wrairn AF116378 1746 Perkinsus olsent uo7701 60
Cyclospora colobs AF111186 1795 Plasmodium berghei AJ243513 2067
Cyclospora papionis AF111187 1796 Plasmodium vivax Ua3095 2330
Cytauxzoon fehs L19080 1774 Pseudomonocystis lepidi L31843 1196
Cytauxzoon sp AF531418 1485 Sarcocystis sp U97524 1894
Eimena falciformis AF080614 1778 Sarcocystis tenella 124383 1782
Eimena weybridgensis AY028972 1741 Theileria sp U97056 1750
Entamoeba histolytica X65163 1947 Theilenia parva L02366 1742
Entamoeba histolytica X89636 1162 Toxoplasma gondn L37415 1738
Toxoplasma gondu L24381 1723

techniques and methods used to generate DNA sequences included in the phylogenetic

analyses of Haemogregarina, see Chapter 2.

For all phylogenetic analyses, the computer software PAUP* (v4.0b10, Swofford,

2002) and MacClade (Maddison & Maddison, 1992) were utilized. Three datasets for the
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Apicomplexa were chosen because of the disparity in sequence length to avoid erroneous

homology and to limit the number of uninformative gaps. The first dataset (A) consisted

of 1075 characters, however only had 46 taxa. Dataset B had only had 463 characters,

however contained all the taxa (n=63) including Haemogregarina. The third dataset (C)

consisted of Haemogregarina sequences and outgroups (n=16) in attempt to resolve the

genera-level synapomorphies. All three molecular datasets for the apicomplexans (A

through C) and the one dataset for the turtles (D) were analyzed using the same methods

unless otherwise stated.

Final alignment for all Apicomplexa data sets:

e see Appendix C for alignment of all Apicomplexa

¢ included vertebrates to ensure novel primer specificity only to Apicomplexa

e totaled 74 taxa

Dataset A:

e totaled 46 taxa and length of 1075 characters (see Figure 24)

o Sequences that did not 100% complete the predetermined required length (based

on sequence length of AF176835 and AF176837 Hepatozoon) were removed:

o]

o

O

All 4 vertebrate taxa

U07697 Perkinsus atlanticus, U07701 Perkinsus olseni

All 13 Haemogregarina sp.

AF418558 Hepatozoon sp., AF206669 Hepatozoon canis, AF206671
Hepatozoon sipedon

AF213514 Monocystis agilis
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o L31799 Gregarna caledia, 1.31841 Gregarina chortiocetes

o X89636 Entamoeba histolytica

o AF531418 Cytauxzoon sp.

o L31843 Pseudomonocystis lepidi

e region is from base 193 to 1642 of final alignment (Appendix C) with the

following regions removed due to large gaps inserted due to either
autapomorphies or a few taxa containing insertions:

o 224-231, 269-301, 357-373, 441-457, 539-548, 653-662, 788-996, 1049-

1064, 1361-1415, 1643-2459.

Dataset B:
e totaled 63 taxa and length of 463 characters (see Figure 24)
e Sequences that did not 100% complete the predetermined length (based on
sequence length of MF5494 Haemogregarina sp.) required were removed:
o All 4 vertebrate taxa
o U07697 Perkinsus atlanticus, U07701 Perkinsus olseni
o AF213514 Monocystis agilis
o MF5510 Haemogregarina sp.
e region 1260 to 2056 of final alignment (Appendix C) with the following regions
removed due to excess gaps:
o 1361-1415

o 1807-1997
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Dataset C:

e totaled 16 taxa and length of 522 characters (see Figure 24)

e region 1260 to 2056 of final alignment (Appendix C) with gapped regions
removed:

o 1361-1415
o 1807-1997

e the two Hepatozoon canis sequences were consensed for a
Hepatozoon.canis.consensus sequence in order to fulfill 100% integrity of the
dataset.

o the Hepatozoon catesbianae and Hepatozoon sipedon sequences were determined
to be phylogenetically closest with respect to all other Hepatozoon and therefore
combined to provide a full length sequence providing no missing data in the final
datset.

e Sequences that did not 100% complete the predetermined length (based on
sequence length of MF5494 Haemogregarina sp.) required were removed. This

included the same taxa removed as in Dataset B.

Dataset D:
o totaled 8 taxa and length of 966 characters of partial ND4-Hist-Ser-Leu isolated

from the mitochondrial genome.
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e contained turtles that were hosts to the apicomplexan parasites. In the case where
the turtle genera sequence was not available, a phylogenetically similar genera
was used due to time constraints.

e cvaluated for congruence with Apicomplexan trees to determine similarity
resulting from coevolution.

e See appendix E for alignment

Phylogenetic analyses

For all phylogenetic analyses, all molecular characters were weighted equally. In
the Apicomplexa datasets A and B the two Entamoeba histolytica taxa were set as
monophyletic sistergroup to the ingroup. For the Haemogregarina sp. dataset,
Monocystis and Ophryocystis were set as monophyletic sistergroup to the ingroup. For
the turtle dataset D, Trachemys scripta was set as outgroup rooted at internal node with

basal polytomy. The following methods were performed for datasets A through D:

In order to determine if there was phylogenetic signal in the dataset, PAUP*
analyzed 10,000 random trees. The frequency distribution of treelengths was graphed in
Excel to evaluate left-skewness which illustrates the phylogenetic signal for the dataset.
The mean treelength, standard deviation, gl statistic, and g2 statistic were recorded. In
order to determine if the base frequencies for the dataset were equal or unequal, the base

frequencies were given as totals for all taxa in the dataset.
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To determine if there is an unequal substitution pattern of transitions and
transversions in the dataset, three analyses were performed. First, the maximum
parsimony treefile of the first (random) tree was imported into MacClade and the “State
Change & Stasis” substitution pattern was examined. Second, a maximum likelihood
heuristic search was executed in PAUP* with equal base frequencies, equal among-site
variation, and Ti/Tv ratio set to “Estimate.” After one tree was obtained, the search was
aborted and under maximum likelihood options selected “previous” which therefore gives
the estimated Ti/Tv ratio. Third, with PAUP* set to distance optimality criterion under
neighbor joining distances, the DNA/RNA distance was set to “uncorrected ‘p.”” For the
substitution restrictions, the three distances of all substitutions, transitions only, and
transversions only were individually calculated and exported. The “transitions” and
“transversions” were graphed in Microsoft Excel XP with “all substitutions” as the x-axis

to determine saturation in the dataset.

For maximum parsimony analyses, the trees were rooted with respective
outgroups in PAUP*. All characters were equally weighted and all gaps were treated as a
5" base and then also as missing data. A heuristic search with ACCTRAN character state
optimization for 1000 random replicates by stepwise addition with TBR branch swap was
performed. A 50% bootstrap was then performed for 2500 replicates by full heuristic
search with random stepwise additions for 1 random replicate. A 50% deletion jackknife

search was also performed for 2500 replicates by neighbor joining search.
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For distance analyses, the trees were rooted with respective outgroups in PAUP*.
All characters were equally weighted and all gaps were treated as missing data. Based on
the base frequencies and Ti/Tv ratios performed initially for each dataset, a distance
correction model was chosen. A neighbor joining search was performed with the
appropriate distance model. A 50% bootstrap was then performed for 2500 replicates by
neighbor joining search. A 50% deletion jackknife search was also performed for 2500

replicates by neighbor joining search.

For maximum likelihood analyses, the datasets were evaluated using the
Modeltest v3.06 software (Posada, 2001) to determine the appropriate model of
nucleotide evolution that fits the respective dataset. The dataset was executed in PAUP*,
and in the command line at the bottom of the display buffer typed “default Iscores
longfmt=yes” and then executed again. The “modelblock3” from the Modeltest examples
file was then executed which began the testing of 56 different models of nucleotide
substitution. After all 56 models were evaluated, the “model.scores” file was executed in
Modeltest and the two most appropriate models were identified. The model selected,
base frequencies, substitution model, and gamma for among site variation were also
reported. These estimates were then executed in PAUP* for subsequent parameters in

maximum likelihood analyses.

With the optimality criterion set to maximum likelihood, the Modeltest
information was input and with a heuristic search with starting trees obtained via

neighbor joining and TBR branch swap was executed and run until completion. See
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Results section for Modeltest parameters for each dataset. A 50% bootstrap and a 50%
deletion jackknife search was also performed for 2500 replicates by neighbor joining

search.

RESULTS

Multiple datasets

Figure 24 depicts an overview of Apicomplexa 18S rDNA alignment and an
outline of each dataset A, B, and C. Dataset A contains 46 taxa and length of 1075
characters; Dataset B contains 63 taxa and 463 characters; Dataset C contains 16 taxa and
522 characters. This overview contains all taxa used for the alignment including

vertebrates and short sequences that were removed prior to phylogenetic analyses.

Table 11 details a summary of information for Apicomplexan and turtle datasets.
All analyses were performed using PAUP* and MacClade. This information was used to
determine particular phylogenetic analyses for an accurate phylogeny. For the
Apicomplexa phylum-level analyses, Dataset A contains less taxa but more characters
whereas Dataset B has more taxa with fewer characters. Dataset C is the smaller dataset
of Haemogregarina sequences. Dataset D (turtles) is the partial ND4-His-Ser-Leu region
of the mitochondrial genome. All four datasets reveal an unequal base frequency
(# 25%). The transition to transversion ratio for datasets A, B, and C reveal that there is

only one substitution type (Ti = Tv), however for the turtle dataset D the Ti to Tv ratio is
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2to L The estimation of 10,000 random trees gives an approximation of the
phylogenetic signal for each dataset. The degree of left skewness (not shown) or greatest
negative number of the gl statistic reveals a greater amount of signal in the dataset. For

these analyses, the turtle dataset appears to have the greatest phylogenetic signal.

Figure 24. Overview of Apicomplexa 18S rDNA alignment and outline of each dataset A, B, and
C. Dataset A contains 46 taxa and length of 1075 characters; Dataset B contains 63 taxa and
463 characters; Dataset C contains 16 taxa and 522 characters. This overview contains all taxa
used for the alignment including vertebrates and short sequences that were removed for

phylogenetic analyses.
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Table 11 Summary of information for Apicomplexan and turtle datasets All analyses were
performed using PAUP* (v4 0b10, Swofford, 2002) and MacClade (v 3 05, Maddison &

| Maddison, 1992) This information was used to determine particutar phylogenetic analyses for
an accurate phylogeny

Dataset A Dataset B Dataset C Dataset D

# of taxa 46 taxa 63 taxa 16 taxa 8 taxa
# of characters 1075 chars 463 chars 522 chars 966 chars
# of gaps 434 gaps 135 gaps 15 gaps 71 gaps
# uninformative 663 chars 288 chars 488 chars 715 chars
base frequencies
A 30 483% 27 742% 27 715% 35817%
C 17 748% 18 596% 18 389% 25 554%
G 24 879% 25 802% 26 005% 13 228%
T 26 890% 27 861% 27 891% 25 401%
Ti Tv ratio 571 549 231 245 3329 277 136
Random trees
mean treelength 3449 1717 1654 325 143 34 860 2392
sd 85724164 350285 57201 34 7301
g1 statistic -0 437967 -0 5676 -1 835842 -1 351147
g2 statistic 0258079 065387 5183469 1779563

Figures 25 through 28 show the uncorrected pairwise distance for Datasets A
through D respectively. Transitions are represented as dark colored diamonds and
transversions are represented as light colored squares. Trendlines were added to view the
point of saturation in the dataset where the trendlines intersect. Saturation is homoplasy

due to multiple substitutions at an individual site.
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Figure 25. Uncorrected
pairwise distance for
Dataset A. Transitions are
represented as dark colored
diamonds and transversions
are represented as light
colored squares. Trendlines
were added to view the
point of saturation in the
dataset where the trendlines
intersect.

Figure 26. Uncorrected
pairwise distance for
Dataset B. Transitions are
represented as dark colored
diamonds and transversions
are represented as light
colored squares. Trendlines
were added to view the
point of saturation in the
dataset where the trendlines
intersect.

Figure 27. Uncorrected
pairwise distance for
Dataset C. Transitions are
represented as dark colored
diamonds and transversions
are represented as light
colored squares. Trendlines
were added to view the
point of saturation in the
dataset where the trendlines
intersect.

Figure 28. Uncorrected
pairwise distance for
Dataset D. Transitions are
represented as dark colored

o diamonds and transversions

are represented as light
colored squares. Trendlines
were added to view the
point of saturation in the
dataset where the trendlines
intersect.

Uncorrected pairw ise distance
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Table 12 Summary of tree statistics for phylogenetic analyses for phylum Apicomplexa {Datasets A &B), family
Haemogregarinidae (Dataset C) , and turtle hosts (Dataset D)

Dataset A Dataset B Dataset C Dataset D

Max Parsimony
(gaps 5" base)

#MP trees 2 95 55 1

TL 2749 1004 136 786
Cl 0536 0520 0 882 0763
RI 0698 0769 0800 0582
RC 0374 0400 0706 0444

Max Parsimony
(gaps missing)

#MP trees 30 79 81 1
TL 1796 695 116 707
Ci 0579 0 557 0 862 0748
RI 0734 0787 0787 0571
RC 0425 0438 0678 0427
Neighbor Joining
ME score 164636 139749 139749 075164
Max Likelihood
Model 1 -InL 9273 59391 3774 12108 1387 16836 4161 10413
Model 2 -InL 9271 50200 3770 59511 1338 86140 n/a

Table 12 shows the summary of tree statistics for phylogenetic analyses for
Datasets A, B, C and D. The best fitting tree is that which maximizes the signal in the
data set and minimizes the homoplastic variation. For maximum parsimony, the best
tree is that which describes the minimum sequence evolution with the shortest treelength.
The character support indices (CI, RI, RC) range from 0 for homoplastic characters to 1
for consistent characters. For distance methods, the best tree is that which minimizes
total sum branch length changes with the lowest minimum evolution (ME) score. For
maximum likelihood, the best tree is the tree which has the best likelihood of the data fit

with the model of evolution which is the lowest -InL score (or the highest probability of
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the data fit). It should be noted, however, that the tree with the optimal score is not

necessarily the true tree (Takahashi & Nei, 2000).

Description of cladograms and phylograms in Appendix F:

For an exhaustive reconstruction of phylogenies for the various datasets, the
extensive number of trees are in Appendix F. The trees are discussed in the current
results section and the final topology for each dataset is presented in the discussion for

this chapter.

Dataset A:

Maximum parsimony with gaps as 5™ base:

Figures F-1 and F-2 in Appendix F show the 2 most parsimonious trees with
gaps were treated as a 5" base. The 2 most parsimonious trees had a TL=2749,
CI=0.536, R1=0.698, and RC=0.374. The two most parsimonious topologies differ only
in the placement of the Cryptosporidium parvum isolates 1L.25642 and AF112569 within
the monophyletic Cryptosporidiidae. Leidyana migrator failed to demonstrate
monophyly within the Eugregarinida order, and the Isospora suis failed to demonstrate
monophyly within the Eimeriidae with the other Isospora isolate. Lankesterella shows
monophyly within the Eimeriidae and fails to exhibit placement as its own family within

Eucoccidiorida. Cyftauxzoon fails to show monophyly within the Theileriidae.
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Figures F-3 and F-4 in Appendix F shows the bootstrap consensus and jackknife
consensus trees by maximum parsimony with gaps were treated as 5™ base. Bootstrap
and jackknife values <50% support are not shown. For both topologies, the class
Gregarina fails to demonstrate monophyly, and the class Coccidia also fails to exhibit
monophyly. The families within the Coccidia (Eimeriidae, Sarcocystidae, and
Cryptosporiididae) show strong support as monophyletic units respectively. The
placement of Lankesterella, Isospora suis, and Leidyana show the same systematic
problems as seen in Figures F-1 and F-2. The systematically established monophyly of
Cytauxzoon within the Theileriidae shows stronger support for jackknife consensus in

Figure F-4 than on the bootstrap consensus from Figure F-3.

Maximum parsimony with gaps as missing base:

Figures F-5 and F-6 show the strict consensus and majority rule consensus
respectively for 30 most parsimonious trees with gaps treated as missing. The 30 most
parsimonious trees had a TL=1796, CI=0.579, RI=0.734, and RC=0.425. In Figure F-5
for the strict consensus, the families within the Coccidia (Eimeriidae, Sarcocystidae, and
Cryptosporiididae) represent monophyletic units respectively. The placement of
Lankesterella, Isospora suis, and Leidyana show the same systematic problems as seen in
Figures F-1 through F-4 with gaps treated as a 5™ base under maximum parsimony
criterion. The systematically accepted Eucoccidiorida (Hepatozoidae, Lankesterellidae,

and Colpodellidae) fails to exhibit monophyly, as well as the Eugregarinidae
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(Leidyanidae, Monocystidae, and Ophryocystidae) fails to demonstrate a monophyletic
unit.

In Figure F-6 for the majority rule consensus tree, this demonstrates that the
topology differences among the 30 most parsimonious trees lie within the
Cryptosporidiidae. All other branches on this topology show 100% of the same topology
for the 30 most parsimonious trees. This topology differs to Figures F-1 and F-2 (gaps as
5" base) in the presence of monophyly of Theileridae, presence of polytomy with
Toxoplasma and Hammondia, lack of monophyly within Eugregarinida, and minor
differences within Cryptosporidiidae.

Figure F-7 shows the bootstrap consensus tree by maximum parsimony with
bootstrap values <50% support not shown with gaps treated as missing. The families
within the Coccidia (Eimeriidae, Sarcocystidae, and Cryptosporiididac) show strong
support as monophyletic units respectively. The placement of Lankesterella, Isospora
suis, and Leidyana show the same systematic problems as seen in all previous topologies.
This bootstrap consensus shows stronger support than the bootstrap consensus from
Figure F-3 with gaps as missing data.

Figure F-8 shows the jackknife consensus tree by maximum parsimony with gaps
treated as missing data. Jackknife values with <50% support are not shown. The
families within the Coccidia (Eimeriidae, Sarcocystidae, and Cryptosporiididae)
demonstrate monophyletic units respectively. The placement of Lankesterella, Isospora
suis, and Leidyana show the same systematic problems as seen in all previous topologies.

This jackknife topology shows weaker support for classes within Apicomplexa however
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resolves polytomies compared to the jackknife topology from Figure F-4 with gaps as

missing data.

Neighbor-joining optimality criterion:

Figure F-9 shows the neighbor joining cladogram with optimality criterion set to
distance with a search and Tajima Nei distance correction. The ME value is 1.64636.
The families within the Coccidia (Eimeriidae, Sarcocystidae, and Cryptosporiididae)
demonstrate monophyletic units respectively. The placement of Lankesterella, Isospora
suis, and Leidyana show the same systematic problems as seen in all previous topologies.
The Eugregarinida order fails to demonstrate monophyly, however the taxa within
Cryptosporidiidae show resolution. Figure F-10 shows the same topology as in Figure
F-9, however the number of substitutions per site are represented as a phylogram.

Figures F-11 and F-12 show the bootstrap consensus tree and jackknife
consensus tree respectively by neighbor joining with Tajima Nei distance correction
algorithm. Bootstrap and jackknife values <50% support are not shown. The families
within the Coccidia (Eimeriidae, Sarcocystidae, and Cryptosporiididae) demonstrate
monophyletic units respectively however show weak support. Eugregarinida fails to
exhibit monophyly, and the Colpodellidae, Crytptosporidiidae, Hepatozoidae, and Class
Gregarina collapse into a polytomy. The placement of Lankesterella, Isospora suis, and

Leidyana show the same systematic problems as seen in all previous topologies.
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Maximum likelihood optimality criterion:

Figure F-13 shows the maximum likelihood cladogram with branch lengths
shown above branches using Modeltest parameters. The parameters included model
GTR + I+ G; base frequencies of A=0.3265, C=0.1652, G=0.2313, T=0.2771,
substitution rate matrix of A-C=1.2767, A-G=2.5466, A-T=1.8424, C-G=0.8904, C-
T=4.8326, and G-T=1.0000; ASRYV invariable sites = 0 and variable sites with a gamma
distribution of 0.3531. The —In L score is 9273.59391. The Cryptosporidiidae,
Colpodellidae, Monocystidae, and Ophryocystidae form a monophyletic clade that
disagrees systematically. Leidyana forms a monophyletic clade with Colpodella
alternatively to its systematic order Eugregarinida. Isospora suis and Lankesterella
continue in their disagree with systematic position.

Figure F-14 shows the bootstrap consensus for maximum likelihood with branch
lengths shown above branches using Modeltest parameters. The parameters included
model GTR + I + G; base frequencies of A=0.3265, C=0.1652, G=0.2313, T=0.2771;
substitution rate matrix of A-C=1.2767, A-G=2.5466, A-T=1.8424, C-G=0.8904, C-
T=4.8326, and G-T=1.0000; ASRY invariable sites = 0 and variable sites with a gamma
distribution of 0.3531. Bootstrap values <50% support are not shown. Entamoeba
histolytica was set as outgroup to the Apicomplexa.

Figure F-15 shows the maximum likelihood cladogram with branch lengths
shown above branches using Modeltest parameters for Akaike Information Criterion
(AIC). The parameters included model GTR + I + G; base frequencies of A=0.3263,

C=0.1647, G=0.2311, T=0.2778; substitution rate matrix of A-C=1.2873, A-G=2.5613,
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A-T=1.8402, C-G=0.8976, C-T=4.8366, and G-T=1.0000; ASRYV invariable sites =
0.1126 and variable sites with a gamma distribution of 0.4359. The —In L score is
9271.50200. This maximum likelihood model compared to Figure F-14 (different
Modeltest parameters) is identical in topology, however the branch lengths are slightly
different.

Figure F-16 shows the bootstrap consensus of maximum likelihood cladogram
with branch lengths shown above branches using Modeltest parameters. The parameters
included model GTR + I + G; base frequencies of A=0.3263, C=0.1647, G=0.2311,
T=0.2778; substitution rate matrix of A-C=1.2873, A-G=2.5613, A-T=1.8402, C-
G=0.8976, C-T=4.8366, and G-T=1.0000; ASRYV invariable sites = 0.1126 and variable

sites with a gamma distribution of 0.4359.

Dataset B:

Maximum parsimony with gaps as 5™ base:

Figure F-17 shows the strict consensus of 95 most parsimonious trees with gaps
treated as 5™ base. The 95 most parsimonious trees had a TL=1004, CI=0.520, RI=0.769,
and RC=0.400. The strict consensus collapses into multiple polytomies for most families
of Apicomplexa. The order Eugregarinida fails to demonstrate monophyly, Lankesterella
fails to group with the systematically accepted Eucoccidiorida, Isospora suis fails to

group within Eimeriidae, and the families Sarcocystidae and Fimeriidae lack resolution.
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The Haemogregarina and Hepatozoon genera group with the Colpodella, however
collapse as polytomies within this clade.

Figure F-18 shows the majority rule consensus of 95 most parsimonious trees
with gaps treated as 5™ base. Majority rule values are represented above each branch
length. The 95 most parsimonious trees had a TL=1004, CI=0.520, R1=0.769, and
RC=0.400. The majority rule consensus shows that the 95 most parsimonious trees differ
in the placement of taxa within Theileriidae, within Hepatozoidae, and within
Eugregarinida.

Figures F-19 and F-20 show the bootstrap consensus tree and jackknife
consensus tree respectively by maximum parsimony with gaps treated as 5™ base. The
bootstrap values with <50% support are not shown. The bootstrap consensus topology
shows that the overall topology lacks support (bootstrap value = 50 and jackknife value =

51) and all major clades collapse into a polytomy.
Maximum parsimony with gaps as missing data:

Figure F-21 shows the strict consensus of 79 most parsimonious trees with gaps
treated as missing data. The 79 most parsimonious trees had a TL=695, CI=0.557,
RI=0.787, and RC=0.438. The strict consensus almost completely collapses the
Sarcocystidae, combines Colpodellidae monophyletic with Cryptosporidiidae, and
bifurcates the Eugregarinida. The placement of Lankesterella, and Isospora suis, show
the same systematic problems as seen in all previous topologies.

Figure F-22 shows the majority rule consensus of 79 most parsimonious trees
with gaps treated as missing. The 79 most parsimonious trees had a TL=695, CI=0.557,

RI=0.787, and RC=0.438. Majority rule consensus values are represented above each
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branch. This cladogram bifurcates the Eucoccidiorida families, bifurcates the Gregarina
class, and bifurcates genera such as Sarcocystis and Toxoplasma.

Figures F-23 and F-24 show the bootstrap consensus tree and jackknife
consensus tree respectively by maximum parsimony with gaps were treated as missing
with bootstrap and jackknife values <50% support not shown. The topology has weak
support for the first major bifurcation (bootstrap = 58 and jackknife =59) and most of the

other clades collapse as polytomies.

Neighbor-joining optimality criterion:

Figure F-25 shows the neighbor joining cladogram with optimality criterion set
to distance with a search and Tajima Nei distance correction algorithm. The ME value is
1.39749. This topology clusters Eucoccidiorida with Piroplasmida as a monophyletic
unit. Sarcocystidae and Eimeriidae form a monophyletic clade, however the Gregarina
class bifurcates among them. Lankesterella and Isospora suis are not grouped with their
systematically approved classes. This cladogram bifurcates the Eucoccidiorida families,
bifurcates the Gregarina class, and bifurcates genera such as Sarcocystis and Toxoplasma.
Figure F-26 is identical to Figure F-25, except the number of substitutions per site is
represented as a phylogram.

Figures F-27 and F-28 shows the bootstrap consensus tree and neighbor joining
consensus tree respectively by neighbor joining. Bootstrap and jackknife values <50%
support not shown. These topologies show relatively strong support the first first

bifurcation, however the majority of the clades collapse as polytomies. The
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Hepatozoidae family is strongly supported and show monophyletic clades of
Haemogregarina and Hepatozoon respectively. The placement of Plasmodium outside
the Gregarina is weakly supported. Toxoplasma and Sarcocystis fail to group identical

genera monophyletically.

Maximum Likelihood optimality criterion:

Figure F-29 shows the maximum likelihood cladogram with branch lengths
shown above branches using Modeltest parameters. The parameters included model TrN
+ G; base frequencies of A=0.3151, C=0.1648, G=0.2307, T=0.2894; substitution rate
matrix of A-C=1.0000, A-G=1.9070, A-T=1.0000, C-G=1.0000, C-T=4.0781, and G-
T=1.0000; ASRYV invariable sites = 0 and variable sites with a gamma distribution of
0.2339.  The -InL score is 3774.12108

Figure F-30 depicts the bootstrap consensus with maximum likelihood using
Modeltest parameters. The parameters included model TrN + G; base frequencies of
A=0.3151, C=0.1648, G=0.2307, T=0.2894; substitution rate matrix of A-C=1.0000, A-
G=1.9070, A-T=1.0000, C-G=1.0000, C-T=4.0781, and G-T=1.0000; ASRYV invariable
sites = 0 and variable sites with a gamma distribution of 0.2339. Entamoeba histolytica
was set as outgroup to the Apicomplexa.

Figure F-31 shows the maximum likelihood cladogram with branch lengths
shown above branches using Modeltest parameters. The parameters included model TrN

+ G; base frequencies of A=0.2937, C=0.1655, G=0.2484, T=0.2924; substitution rate
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matrix of A-C=1.6907, A-G=2.4927, A-T=1.5261, C-G=0.8853, C-T=5.1433, and G-
T=1.0000; ASRYV invariable sites = 0 and variable sites with a gamma distribution of
0.2338. The -In L score is 3770.59511. This topology is almost identical to Figure F-29
(different Modeltest parameters) yet differs in topology in the placement of the
Gregarina-Leidyana monophyletic clade.

Figure F-32 shows the bootstrap consensus for maximum likelihood using
Modeltest parameters. The parameters included model TrN + G; base frequencies of
A=0.2937, C=0.1655, G=0.2484, T=0.2924; substitution rate matrix of A-C=1.6907, A-
G=2.4927, A-T=1.5261, C-G=0.8853, C-T=5.1433, and G-T=1.0000; ASRYV invariable

sites = 0 and variable sites with a gamma distribution of 0.2338.

Dataset C:
Maximum parsimony:

Gaps as 5™ base:

Figure F-33 shows the strict consensus of 55 most parsimonious trees.
Monocystis agilis and Ophriocystis elektroscirrha were set as monophyletic outgroup to
the Haemogregarinidae. With optimality criteria set to maximum parsimony, a heuristic
search was performed for 1000 random replicates by random addition sequence with
TBR branch swap method. Gaps were treated as 5™ base and nucleotides weighted
equally. The 55 most parsimonious trees had a TL=13A6, CI1=0.882, RI=0.800, and

RC=0.706. All clades collapse as a polytomy with the exception to the TSE hosts.
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Figure F-34 depicts a majority rule consensus of 55 most parsimonious trees with
majority rule values represented above each branch. Monocystis agilis and Ophriocystis
elektroscirrha were set as monophyletic outgroup to the Haemogregarinidae. The 55
most parsimonious trees had a TL=136, C1=0.882, RI=0.800, and RC=0.706. This
toplogy collapses into a polytomy with the exception to the TSE host clade, the HA-SC
clade, and the PT-PN clade. Hepatozoon falls monophyletic within the
Haemogregarina clade, thus not showing genera differentiation.

Figure F-35 shows the bootstrap consensus tree by maximum parsimony with
bootstrap values <50% support not shown. This topology shows MF7952
Haemogregarina sp. (HG) is monophyletic with Hepatozoon, however this is weakly
supported at bootstrap value of 57. The PT-PN clade is also weakly supported within
Haemogregarina, however the TSE clade shows strong support.

Figure F-36 shows the jackknife consensus tree by maximum parsimony with
jackknife values <50% support not shown. This topology shows MF7952
Haemogregarina sp. (HG) is monophyletic with Hepatozoon, however this is weakly
supported at bootstrap value of 57. The PT-PN clade is not supported (as shown in

Figure F-35) within Haemogregarina, however the TSE clade shows strong support.

Gaps as missing data:

Figure F-37 shows the strict consensus of 81 most parsimonious trees with gaps

treated as missing data. The 81 most parsimonious trees had a TL=116, CI=0.862,
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RI=0.787, and RC=0.678. The only distinguishable clade is the TSE-TSE monophyletic
unit, and all other taxa form a polytomy.

Figure F-38 shows the majority rule consensus of 81 most parsimonious trees
with gaps treated as missing data. The 81 most parsimonious trees had a TL=116,
CI=0.862, RI=0.787, and RC=0.678. This topology groups Haemogregarina sp. (HG) as
monophyletic with Hepatozoon. The majority of the trees bifurcate with the TSE-TSE
clade and the PT-PN clade.

Figures F-39 and F-40 shows the bootstrap consensus and jackknife consensus
trees by maximum parsimony with gaps treated as missing data and bootstrap and
jackknife values <50% support not shown. The only strongly supported clade is the TSE-

TSE monophyletic unit for both resampling methods.

Neighbor-joining:

Figures F-41 and F-42 show the cladogram and phylogram respectively with
optimality criterion set to distance with a neighbor joining search and Tajima Nei
distance correction algorithm. The resulting ME value is 0.21982. Haemogregarina
(HG) forms a monophyletic clade with Hepatozoon. HT-HA-SC forms an Old World
monophyletic unit, and PT-PN-SO-KS-TSE-TSE clade forms a New World
monophyletic unit.

Figures F-43 and F-44 show the bootstrap consensus and jackknife consensus

trees respectively by neighbor-joining. Bootstrap and jackknife values <50% support not



99

shown. The only strongly supported branch is the TSE-TSE clade. The HA-SC clade is

moderately supported.

Maximum likelihood:

Figure F-45 shows the maximum likelihood cladogram with branch lengths
shown above branches using Modeltest parameters. The parameters included model
HKY + G; base frequencies of A=0.2826, C=0.1812, G=0.2432, T=0.2930; the Ti/Tv
ratio set to 1.3000; ASRYV invariable sites = 0 and variable sites with a gamma
distribution of 0.2005. The —In L score is 1338.86140.

Figure F-46 shows the bootstrap consensus for maximum likelihood using the
same Modeltest parameters. Bootstrap values with <50% support are not shown. Most
branches collapse into a polytomy, however the Hepatozoon-Haemogregarina (HG) clade
is well supported at 80. The other supported clade is the TSE-TSE monophyly at 90.

Figure F-47 shows the maximum likelihood cladogram with branch lengths
shown above branches using Modeltest parameters. The parameters included model GTR
+ G; base frequencies of A=0.2798, C=0.1834, G=0.2582, T=0.2786; substitution rate
matrix of A-C=0.9345, A-G=2.3842, A-T=2.2262, C-G=0.1839, C-T=4.2324, G-
T=1.0000; ASRYV invariable sites = 0.5390 and variable sites with a gamma distribution
0f 0.8563. The —In L score is 1338.86140.

Figure F-48 shows the bootstrap consensus of maximum likelihood using the

same Modeltest parameters.
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Dataset D:
Maximum parsimony:

Gaps as 5™ base:

Figure F-49 shows single most parsimonious tree with gaps treated a 5" base and
nucleotides weighted equally. The most parsimonious tree had a TL=786, CI=0.763,
RI=0.582, and RC=0.582.

Figure F-50 shows the bootstrap and jackknife consensus tree by maximum
parsimony with bootstrap and jackknife values <50% support not shown. Bootstrap
values are represented above branches and jackknife values are represented below

branches. Gaps were treated as 5™ base and nucleotides weighted equally.

Gaps as missing data:

Figure F-51 shows the single most parsimonious tree with gaps treated a missing
data and nucleotides weighted equally. Trachemys scripta was set as outgroup to the
ingroup. With optimality criteria set to maximum parsimony, a heuristic search was
performed for 1000 random replicates by random addition sequence with TBR branch
swap method. The most parsimonious tree had a TL=707, CI=0.748, RI=0.571, and
RC=0.427.

Figure F-52 shows the bootstrap and jackknife consensus tree by maximum
parsimony with bootstrap and jackknife values <50% support not shown. Bootstrap

values are represented above branches and jackknife values are represented below
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branches. Gaps were treated as missing data and nucleotides were weighted equally.
This tree shows high support for the Kinosternon monophyly and high support for the

Old World-New World split as individual monophyletic units.

Neighbor joining:

Figures F-53 and F-54 show the cladogram and phylogram respectively with
optimality criterion set to distance with a neighbor joining search and HKY 85 distance
correction algorithm. The ME value is 0.75164. In the phylogram, the number of
substitutions per site is represented as the length of each branch.

Figure F-55 shows the bootstrap and jackknife consensus tree by neighbor-
joining with bootstrap and jackknife values <50% support not shown. Bootstrap values
are represented above branches and jackknife values are represented below branches.
The ME value is 0.75164 for the trees. Similar to the maximum parsimony tree, these
topologies show high support for the Kinosternon monophyly, and high support for the
Old World-New World clades individually. The Annamemys-Callagur clade shows

monophyly, however is weakly supported.

Figure F-56 shows the maximum likelihood cladogram using Modeltest
parameters. The parameters included model GTR + G; base frequencies of A=0.37230,
C=0.26210, G=0.12320, T=0.24240, substitution rate matrix of A-C=2.040100,
A-G=7.027900, A-T=0.963000, C-G=0.483500, C-T=15.696500, G-T=1.0000; ASRV

invariable sites = 0, and variable sites with a gamma distribution of 0.3167. Trachemys
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scripta was set as outgroup to the ingroup and nucleotides were weighted equally.
Figure F-57 shows the maximum likelihood bootstrap consensus tree. Bootstrap values

(>50%) are represented above each branch.

Figure 29 shows the absolute pairwise distances over four taxonomic levels
including species, genera, family, and order. Each bar represents the maximum number
of pairwise distances between each level. Distances within species (0 to 12, mean=5),
genera (0 to 55, mean=14), family (20 to 33, mean=26), and order (33 to 48, mean=56)
are based on the accepted taxonomy for Apicomplexa. Within Caryospora bigenetica
the distance is 0 and within Toxoplasma gondii the distance is 1. Within Cryptosporidum
parvum, the distance is 3 or less for all taxa except AF112576 which has a maximum of
6. Within Haemogregarina sp. the distance is 7 or less with the exception of MF5494

which has a distance of 12 or less.

Taxa that consistently fell outside their accepted taxonomic rank for the following
topologies included Lankesterella minima (Order Eucoccidiorida) often placed in the
Order Eimeriida in Family Sarcocystidae or Family Eimeriidae. Isospora suis (Family
Eimeriidae) was often placed in the Sarcocystidae. These particular taxa increased the

absolute distances between taxa for each corresponding group.

Lankesterella minima increased the Eucoccidiorida from 41 to 64 by pairwise
distance comparison to Isospora suis. When Lankesterella was placed within the

Sarcyocystidae or Eimeriidae the distances dropped to 39 and 39 respectively. As in the
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previous results, these higher numbers were due to comparison with Isospora suis. If
Isospora suis is removed, however, the pairwise distances adjust with Lankesterella in
Eimeriidae to 27 and to 43 with it in Sarcycocystidae. The removal of Isospora suis from
the Eimeriidae decreased the pairwise distance does not affect the largest value. This
taxon has the closest pairwise distance to Hammondia, Neospora, and Toxplasma, and
therefore is most probably fits in the Sarcocystidae. Isospora suis has the smallest

pairwise distance to Hammonida and Hyaloklossia.

Figure 30 shows the topologic hypotheses for examination of coevolution for
parasite and turtle phylogenies. Cladograms A and B show coevolutionary speciation
events for the parasite synchronous with speciation events of the host. Cladograms C and
D show speciation events in turtles with similar parasites from the same locality.

Cladograms C and D resembles the topologies for Haemogregarina and their turtle hosts.
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Figure 29. Absolute pairwise distances over four taxonomic levels including species, genera,
family, and order. Each bar represents the maximum number of pairwise distances between
each level. Distances within species (0 to 12, mean=5), genera (0 to 55, mean=14), family
(20 to 33, mean=26), and order (33 to 48, mean=56) are based on the accepted taxonomy for

Apicomplexa.
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DISCUSSION

This study provided the first exhaustive phylum-level phylogenetic
reconstructions for the Apicomplexa for the sequences that were available. An
additional nine apicomplexan genera were included that have not previously been
evaluated (see Table 7). Understanding the taxonomy and phylogeny of these
protozoans is essential for classification of parasite diversity, for future phylogenetic
comparisons of other genes or organelles, in tracing epidemiology of protozoan diseases
and in estimating divergence and evolutionary processes of Apicomplexa. By tracing the
patterns of the evolutionary history of apicomplexans, the processes and adaptations can
be illuminated. The application includes epidemiological investigation and
parasitological control. This study also was the first to consider Haemogregarina, as

well as several other taxa, for molecular phylogenetic reconstruction.

Based on the incomplete sequences available from GenBank for the alignment
(see Figure 22 overview of alignment) and the impracticality in obtaining specimens and
generating original sequence from all 70 taxa involved, different subsets of the 18S gene
were evaluated based on the sequences that were available. This included an evaluation
of the phylum Apicomplexa with the maximum number of characters for all taxa, a
second subset for evaluation of the entire phylum that included many fewer characters
but allowed Haemogregarina sequences to be included, and a third subset that focused
exclusively on the family Haemogregarinidae to determine host specificity and

coevolutionary status with the turtles. A partition homogeneity test as well as congruent
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— 1 Parasite Turtle —
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Figure 30. Topologic hypotheses for examination of coevolution for parasite and turtle
phylogenies. Cladograms A and B show coevolutionary speciation events for the parasite
synchronous with speciation events of the host. Cladograms C and D show speciation
events in turtles with similar parasites from the same locality. Cladograms C and D
resembles the topologies for Haemogregarina and their turtle hosts.
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topologies for these datasets show that partitioning the 18S gene based on available

sequence is appropriate for Apicomplexa.

Phylogenetic analyses of phylum Apicomplexa

The topologies produced from this investigation prove difficult to compare to
previously published molecular phylogenetic analyses due to the significant differences
in the number of genera included. Obomnik et al. (2002) used apicoplast sequence and
resolved the families Eimeriidae and Sarcocystidae within the Order Eimeriida in
agreement with previously published data. The placement of all other taxa (Babesia,
Plasmodium, and Hepatozoon) is questionable and appears to serve as a “catch all” clade
for genera outside Eimeriidae and Sarcocystidae. Perkins & Keller (2001) present
molecular data for haemogregarines, however do not give generic names and only
classify as a “haemogregarine.” It is not certain, therefore, the particular genera under
study for that publication. Interestingly, Perkins & Keller show Lankesterella is grouped
as sister taxa to Ewmeria, which is the case for the current study. Due to the limited
number of taxa in their study, comparisons beyond these taxa are difficult to explore.
Morrison et al. (1997) provide evidence of monophyly of Sarcocystidae and monophyly

of Piroplasmida, however further descriptions can not be concluded.

For all phylogenetic analyses in the current study, the taxonomic position of

Lankesterella should be further examined. It is currently placed systematically within the
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order Eucoccidiorida (with families Haemogregarinidae, Lankesterellidae, and
Colpodellidae). For all current analyses, Lankesterella is phylogenetically most similar
to the Eimeriidae. Lankesterella minima increased the Eucoccidiorida from 41 to 64 by
pairwise distance comparison to Colpodella. When Lankesterella was placed within the
Sarcyocystidae or Eimeriidae the distances dropped to 39 and 39 respectively. These
higher numbers were due to comparison with Isospora suis. If Isospora suis is removed,
however, the pairwise distances adjust with Lankesterella in Eimeriidae to 27 and to 33
with it in Sarcycocystidae. This suggests that the identification of Isospora suis
(U97523) is misidentified in GenBank. The removal of Isospora suis from the
Eimeriidae decreased the pairwise distance does not affect the largest value. Isospora
suis has the smallest pairwise distance to Hammonida and Hyaloklossia and therefore is
most probably fits in the Sarcocystidae. The Isospora suis isolate failed to group with its

sister taxa Isospora robini, and therefore this isolate should be re-examined.

The phylogenetic trees performed with maximum likelihood optimality criterion
are presented as Figures 23 (dataset A), and Figure 24 (dataset B). Figure 23 reveals a
cladogram that represents the current NCBI systematic classifications with exception to
Lankesterella and Isospora suis previously mentioned. The classification of the Leidyana
monophyly with Colpodella and the monophyly of Monocystis-Ophriocystis within the
Cryptosporidiidae is questioned. Figure 24 shows a cladogram that overall has less
support than Figure 23. The Cryptosporidiidae is not monophyletic and most branches

collapse as a polytomy.
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Based on the phylogenetic analyses for the phylum Apicomplexa, the placement
of Haemogregarina was determined as monophyletic. These analyses show
Haemogregarina as an individual genus and Hepatozoon as the closest sister group to
Haemogregarina. The placement of Haemogregarina and Hepatozoon as a
monophyletic unit support the status in the family Haemogregarinidae. It appears that
Monocystis and Ophriocystis are the closest sister group taxa, and therefore these genera
were used for outgroup comparison for the Haemogregarinidae phylogenetic analyses

(dataset C).

Phylogenetic analyses of Family Haemogregarinidae

Based on the results from dataset C, it can be concluded that the parasites
amplified for the current study are indeed Haemogregarina sp. (as identified
morphologically in Chapter 2) and are a sister group to Hepatozoon. Based on analyses
from datasets A and B, Monocystis and Ophriocystis were chosen as the closest
sistergroup outside the Haemogregarinidae family. For maximum parsimony analyses,
strict majority rule consenses collapse as polytomies most likely due to the vast
similarities in the sequence. Distance analyses show short branches representative of
evolutionary similarity between Haemogregarina isolates from turtles, however isolates
from Hepatozoon canis and Hepatozoon sipedon show much greater substitutions per
site. Maximum likelihood analyses reveal a distinct Old World-New World separation,

however group Hepatozoon within Haemogregarina and show no generic distinction.
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MF5518-Haemogregarina sp (CD)

Figure 33. Dataset C: Maximum likelithood cladogram with branch lengths shown above branches using
Modeltest parameters. The parameters included model GTR + G; base frequencies of A=0.2798,
C=0.1834, G=0.2582, T=0.2786; substitution rate matrix of A-C=0.9345, A-G=2.3842, A-T=2.2262, C-
G=0.1839, C-T=4.2324, G-T=1.0000; ASRV 1vanable sites = 0.5390 and variable sites with a gamma
distribution of 0.8563. Monocystis and Ophriocystis were set as monophyletic outgroup to the
Apicomplexa and nucleotides were weighted equally. With optimality criteria set to maximum hikelihood, a
heuristic search was performed with TBR branch swap method and ran until completion. The —In L score
1s 1338.86140.
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Evaluation of Haemogregarina as individual species

When considering the phylogenetic species concept with respect to
Haemogregarina sp. that are morphologically very similar to Hepatozoon sp., it is
apparent that they are indistinguishable as distinct genera in some of the molecular
phylogenetic analyses. Haemogregarina and Hepatozoon genera together form a
monophyletic unit with respect to all Apicomplexa and are therefore in the same family
or even congeneric. It appears that all Haemogregarina isolates with the exception of
MF7952 are monophyletic. This sequence may indeed be a Hepatozoon isolate or even
an additional unidentified genus. To clarify this, additional known Hepatozoon

sequences will be required to enable resolution of this anomaly.

The within-group pairwise distances among all taxa from Haemogregarindae
(Haemogregarina and Hepatozoon collectively) reach a maximum of 25 (Figure 29)
which would suggest that the family Haemogregarinidae contains at least two genera.
This is evident in the cladogram from Figure 32 (dataset B) which shows a monophyletic
clade for Hepatozoon and a separate monophyletic clade for Haemogregarina. However
this result is not without some ambiguity. In contrast, Figure 33 (dataset C) provides a
paraphyletic Haemogregarina with respect to Hepatozoon. If this is correct, the
traditional key distinguishing feature between these genera that Haemogregarina is
transmitted by leech vectors may be an inaccurate classification element. However, this
result may be attributed to outgroup sensitivity or differential datasets. It is also possible
that using consensus Hepatozoon sequences for dataset C was erroneous. While based on

the dataset C topologies, it is impossible to interpret Haemogregarina and Hepatozoon as
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two distinct genera, the larger and more inclusive dataset B analyses support both genera.
From the data analyzed here, it is not possible to definitively comment on the generic

status of Haemogregarina.

It has been common practice to assign a new species name to the parasite when it
is discovered in a new host taxa. This is unwarranted, however, since the host specificity
remains uncertain (Ball, 1967; Chao & Ball, 1967; Siddall & Desser, 1991; Smith et al.,
1996). In a comparison of Figure 29 in which the absolute pairwise distances are
examined for Apicomplexans, the number of changes and evaluation of Haemogregarina
species can be determined. For the Haemogregarina sp. in the Pseudemys texana and
Pseudemys nelsoni monophyletic unit, the absolute pairwise distance is 1 suggesting that
these are the same species. For the monophyletic Haemogregarina sp. in the Trachemys
scripta elegans hosts (from different locations in Texas), the absolute pairwise distance is
0 suggesting that these are the same species. The pairwise distance of Haemogregarina
sp. from Pseudemys sp. to Trachemys sp. is a distance of 5, and however is probably the
same species. This is supported by the bifurcation of Haemogregarina in New World
turtle hosts in Figure 33. The placement of Haemogregarina sp. MF7952 with
Hepatozoon sp. (Figure 33) is not supported based on the absolute pairwise distance
comparisons. The distances within Haemogregarina sp. is a maximum of 12, whereas
the distances of Haemogregarina to Hepatozoon sp. has a distance range from 11
(MF7952) to 25 (MF5494). This suggests that Haemogregarina sp. from MF7952
should be classified as Haemogregarina sp. and not as Hepatozoon sp, however MF7952

does show the greatest evolutionary divergence among the Haemogregarina sp. taxa.
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The pairwise distances between all species of Haemogregarina has a maximum
value of 12 (see Figure 29) that occurs between Haemogregarina MF5494 and MF7952
and thus represents the extremes in evolutionary changes in the genus. Based on the
pairwise distances for other apicomplexans (Figure 29), this value between these two
genera suggests that MF5494 and MF7952 remain in the same genera (compared to
Plasmodium at 55), however the distances are larger than for other Haemogregarina sp.
and therefore probably different species. Figure 33 shows MF5518 outside the
monophyletic clade including Haemogregarina and Hepatozoon. This may potentially

represent another genera or species.

Host specificity and coevolution with turtle hosts

When considering host-specificity and terms of co-evolution, there are some
interesting cases consider. For the Aquarena Springs locality, Sternotherus
(Kinosternon) odoratus, Trachemys scripta elegans, Pseudemys texana, and Pseudemys
nelsoni were collected. With the assumption that each turtle species has equal chance of
leech attachmenf, it is also assumed that each turtle species has equal chance of parasite
transmission through the leeches. It is interesting to note, however, that the monophyletic
units for Haemogregarina were within Pseudemys hosts (P. texana and P. nelsoni) and
separately within Trachemys hosts (T. s. elegans from Aquarena Springs and from
Deanville, Texas locality). These monophyletic clades by turtle host genera, as opposed
to monophyletic clades by host location, infer a host specificity for these particular

Haemogregarina sp. The monophyly of Haemogregarina in Sternotherus odoratus
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hosts (Aquarena Springs) with Kinosternon sonorianse hosts (captive from Alabama)
also infers a familial lineage as opposed to a locality lineage. These results are
preliminary, and additional sequences from additional taxa must be generated for
elucidation of host-specificity. Manter’s Rule (see Chapter 1) contends that if the same
species, or two closely related species of hosts, exhibit a disjunct distribution and possess
similar faunas, then the areas in which the hosts occur must have been contiguous in the
past. It is evident from this rule that Trachemys scripta elegans from the disjunct

localities shared a monophyletic ancestor.

Based on 20 years of studies at Aquarena Springs, there do not appear to be any
unusual mortality or morbidity that may be attributed to Haemogregarina infection.
Overall the turtles appeared to have constant low-levels of parasitemia (see Chapter 2).
This suggests that the parasites are not particularly pathogenic. In cases where the
parasitemia was high (e.g. 2%), this occurred in individuals that were stressed and
potentially immunocompromised. Based on these phylogenetic analyses, it can be
concluded that Haemogregarina is host specific, however does not appear to be

pathogenic under normal conditions.

For maximum parsimony analyses for datasets A, B, and C, the treatment of gaps
as a 5™ base and then as missing data provided slightly different results. When gaps
were treated as a 5" base, the topology had fewer polytomies and higher bootstrap and
jackknife values. The overall topology did not differ significantly for a majority of the

taxa. This may be attributed to a majority of the large gapped regions removal prior to all
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phylogenetic analyses. In a comparison of the CI, RI, and RC values for maximum
parsimony with gaps as a 5™ base had higher scores for datasets C and D, whereas gaps
as missing data had higher scores for datasets A and B (see Table 11). These values
range from O for homoplastic characters to 1 for consistent characters. The higher scores
reveal a reduction in the amount of phylogenetic noise. This noise is most notably in the
loops where the majority of the gaps were inserted, whereas the stem regions remain
highly conserved. The higher CI, RI, and RC indices for gaps as missing data for
datasets A and B can be attributed to the number and placement of numerous gaps across
the diverse dataset. Datasets C and D were much more similar across taxa, and therefore
required few gaps to complete alignment. The treatment of gaps as a 5™ base compared
to treatment of gaps as missing data, can therefore be directly attributed to the diversity of

taxa under study.

A partition homogeneity test was performed in PAUP* to determine if the two
datasets A and B differed significantly. Under maximum parsimony optimality criteria
and gaps treated as a 5™ base, the p-value was not significant at 0.6704 which
demonstrates equivalent partitions. With gaps treated as missing data with the partition
homogeneity test, the p-value was 0.010 which demonstrates the partitions are not
equivalent. This suggests that gaps treated as a 5" base is the most appropriate model

for these particular datasets.
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Summary from phylogenetic analyses

Phylogenetic analyses based on molecular data provided a reliable means to
evaluate the phylogeny, taxonomy, host specificity, and coevolutionary status of
Haemogregarina in naturally-occurring populations and translocated populations. It was
determined that the previously published molecular phylogenies of Apicomplexa were
incomplete in the number of taxa investigated and therefore difficult for comparison.
However stable clades included the order Eimeriida with its families Eimeriidae and
Sarcocystidae. The Eucoccidiorida does not appear to be monophyletic, nor does the
Eugregarinida. The class Piroplasmida is monophyletic, however, the placement of

Cytauxzoon remains questioned.

The placement of Haemogregarina does support a monophyletic unit, indicating a
single genus for the parasites. The family-level evaluation of Haemogregarinidae does
support a monophyletic clade, and shows Hepatozoon as sister group to
Haemogregarina. Based on the phylogenetic analyses, it does appear that
Haemogregarina is host specific, however this specificity does not appear to be

pathogenic and remains in low levels of infection.



CHAPTER IV
IMPLICATIONS OF HAEMOGREGARINA
INFECTION IN TURTLES

In light of increasing species extinction rates, primarily a consequence of human
encroachment and habitat destruction, worldwide biodiversity is declining. Genetic
homogeneity, especially in small populations, can lead to higher vulnerability to
environmental factors and thus exacerbate the decline in biodiversity on local scales. Turtles
are particularly susceptible to escalating extinction rates due to delayed sexual maturity, high

egg and juvenile mortality, and long adult life-span with low natural mortality.

The Turtle Survival Alliance (TSA) is an IUCN (World Conservation Union)
organization for the captive management of freshwater turtles and tortoises. The focus of the
Turtle Survival Alliance lies in Asia where one-third of the world’s turtle diversity is located,
however virtually all of the Asian species are currently endangered or threatened. This
organization was developed as a solution to the Asian Turtle Crisis which exploits turtles for
human consumption, medicinal uses, turtle shell decorations and as pets. This conservation
organization has recently established captive Assurance Colonies to maintain genetic
diversity for future recovery of wild populations by maintaining them in captive populations.
Assurance Colonies maintain threatened turtles which have been relocated from their
troubled native habitat, illegally traded, and confiscated individuals. By sustaining these
turtles in this worldwide conservation network, the long term goal is recovery efforts to place

turtles back into wild populations. Turtles such as the Roti snake-necked turtle (Chelodina
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mccordi) and the Painted terrapin (Callagur borneoensis) are listed by the TSA in the top 25
most endangered turtles for 2003. Several individuals of these two endangered species were
translocated from Asia and are now part of a local Assurance Colony in Austin which were

examined in the current study.

Translocations

The Asian Turtle Crisis has resulted in exhausted populations of turtles near China
and now severely affects all species of turtles in Southeast Asia. The impact can be observed
worldwide as North America, Africa, and Europe are shipping turtles to meet the high
demand of turtles in Asia for consumption. In the past 10 years, the IUCN reported that the
United States exported hundreds of thousands of softshell and snapping turtles and an
additional 8 million red-eared sliders to China. The Turtle Survival Alliance has a global
action plan to establish Assurance Colonies for reintroduction into natural habitats, and the
United States has established a secure refuge for these endangered species until suitable
habitats are available. The turtles included in these Assurance Colonies also protect turtles
located in the United States such as the Bog Turtle (Clemmys muhlenbergii) and the Yellow-

blotched map turtle (Graptemys flavimaculata).

Captive breeding programs which protect endangered turtles maintain biodiversity,
but also has causes for concern. Translocation of these endangered species carries the risk of
infectious disease exposure to naive recipient populations, and recipient populations may in

turn infect the translocated organisms. Captive husbandry can render these wild caught
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turtles domesticated and unreturnable to wild populations if the opportunity were to arise.
Captive management programs for reptiles often lack proper training including space
requirements, proper cages, intensity of light, and feeding requirements. All of these factors
may attribute to stress in the individual which can physiologically and immunogically render

the individual at a disadvantage in the prevention of disease.

It is necessary to understand the efficacy of the translocation programs and the factors
that ensure successful translocation survival. Successful programs should include natural
habitats similar to the turtle’s native environment, sufficient space to avoid overcrowding,
egg-laying space, and adequate lighting and nutrition. These factors for success are not
exclusive, however, and are multifactorial considering the individual’s age, stress, infectious
disease and potential of being immunocompromised. The recipient population’s ecology,
environment, carrying capacity, and competition for resources must also be considered. The
emergence of disease most often occurs when the ecology of the host or pathogen is
disrupted. Small populations are particularly impacted by disease since they are often in a
close habitat range and lack substantial numbers to rebound from disease. Indoor and
outdoor captive husbandry facilities must personalize the new environment to the individual

needs of the turtle species.

Protocols for translocations

Several protocols delineate the screening, quarantine, and safeguards for translocated

organisms, including fish, amphibians, mammals, and reptiles. Woodford (2000) outlines
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quarantine and health screening protocols for wildlife prior to translocation and release into
the wild that includes appropriate precautions applicable to transcontinental shipment of
turtles. This article serves as a basis for evaluation and prevention of Haemogregarina
parasite infections detected in Chapter 2 of the current study. These protocols include “a
clinical evaluation of the health status of the source animals and those at the translocation
destination, a period of quarantine, appropriate health screening procedures, a consideration
of the legal and veterinary restrictions on translocation of wild animals to an& from certain
geographic areas and populations, and when necessary, pre-release treatment and
immunization.” These tenets will be discussed individually with respect to the worldwide
turtle trade and the potential disease transmission within captive and wild populations of a

particular coccidian Haemogregarina sp. that has been reported from all major continents.

1) Clinical evaluation of the health status

When Asian turtles are liberated from ill-fated meat-markets or illegal trade facilities,
the primary objective is to protect the individual and relocate it to a secure location. This
often involves packing the stressed, malnourished, and immunocompromised turtles into
cardboard shipping boxes for several days or weeks en route to a captive husbandry facility.
Upon arrival, there is usually brief visual inspection for apparent disease but inadequate
health screening for potential infectious diseases. It is recommended that all translocated
individuals undergo a thorough physical and histological examination for potential diseases
that can be remedied. The cause of death of translocated turtles must also be fully

investigated with a thorough necropsy involving blood analyses, major tissue dissection, and
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examination for any possible diseases. Fortunately, both health screening and necropsies
involve basic laboratory equipment and low costs. Physical examinations should be
maintained for all organisms on a regular basis as preventative medicine. Blood smears and
a PCR based assay should be performed to detect Apicomplexan haemoparasites such as

Haemogregarina.

For wild indigenous populations, the evaluation of disease in turtles is more
challenging. For example, Southwest Texas State University routinely examines turtles at
Aquarena Springs for epiphytes, blood parasites (see Chapter 2), reproductive success, and
maintains records involving growth of turtles, age and sex ratios for all turtles captured
yearly. Most wild populations, however, lack this scrutiny and are sporadically sampled and
rarely screened for health conditions. A wild population is certainly not invulnerable to
established or introduced diseases, however probably lack the severity of infection that could

accompany translocated turtles.

For all turtles examined in this study, blood smears were examined for the detection
of blood parasites (see Chapter 2). Epiphytic parasites were also documented and physically
or chemically (iodine) removed from turtles. In an effort to identify the parasites, both
morphological comparisons (light microscopy) and molecular characterization (nucleotide
sequence) were performed (see Chapter 2). The epidemiology of the Haemogregarina sp.
was traced using phylogenetic trees to ascertain species divergence and host specificity.
Based on these analyses, it was concluded that Haemogregarina sp. are indeed host-specific.

The constant (Caskey, 1998 compared to current analyses 2003) low-levels of parasitemia
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reveal that Haemogregarina does not appear to be pathogenic in the turtles for this study.
This may be attributed to their non-pathogenicity in natural hosts. It is not certain, however,
the level of parasitemia and pathogenicity to other non-native host genera. An introduced
turtle that is not from this region, such as released from the pet trade or other anthropogenic

influence, may cause severe immune responses.

2) a period of quarantine

For any infected individual, a period of quarantine is necessary to avoid transmission
of infectious diseases. After a full health screening, the length of quarantine should be
determined based on the disease encountered. If no disease discovered, a period of
quarantine (ex. 90 days) with several health screenings periodically should be performed. It
was discovered in the current study (see Chapter 2) that all captive populations had 0%
parasitemia, and it was concluded that the removal of the leech vector was the explanation.

In wild populations, however, removal of this leech vector and quarantine periods for
Haemogregarina is not a reality. Periodic evaluation of these wild populations, however, is a

realistic approach to ensuring Haemogregarina and any other disease remain at safe levels.

Evidence of congenital transmission has been described for the haemogregarine
Hepatozoon in water snakes (Lowichik and Yaeger, 1987). This is another possible source of
infection and provides an additional motivation for quarantine of infected individuals.
Although evidence is lacking for haemoparasites, the apicomplexan coccidian Eimeria was

evaluated for maternal transfer of antibodies via egg yolk in chickens (Smith et al., 1994).
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This study showed that antibodies transferred to hatchlings provide a high immunity against
a particular Fimeria species, and a partial immunity against a similar Eimeria species. In
evaluation of congenital transmission of parasites as well as maternal transfer of antibodies, it
is possible that maternal influence may play a role in the epidemiology of Haemogregarina.

Further analyses are required for a conclusive understanding of this route of transmission.

3) leech control

It is also necessary during the period of quarantine to remove any external leeches
that may harbor parasites and serve as potential vectors to other uninfected turtles. For the
captive populations examined in the current study, the addition of copper sulfate has proved
resourceful in removal of leeches. For the captive indoor populations, the addition of copper
sulfate to the aquarium water was sufficient. For the captive outdoor population (Concordia
Turtle Farm) there is the constant possibility of leeches entering the outdoor ponds by using
predatory birds or other animals as dispersal mechanisms. Copper sulfate pentahydrate (EPA
Registration Number 35896-19, purchasable from Agtrol Chemical Products) is registered
for leech control in farm ponds and a concentration of 5 parts per million (ppm) is suggested
for treatment. Multiple treatments may be required to eliminate leeches since encapsulated
eggs are resistant to treatment. It appears (see Chapter 2) that proper leech control eliminates
Haemogregarina infections in approximately less than three years. Therefore, removing the
vector impedes the disease transmission, and the degradation of erythrocytes removes the
parasites from peripheral blood detection. The parasites may remain undetected while

residing in major organs, however, this would only be visible during necropsy.
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For the current study, none of the individuals were quarantined for disease or leeches
upon arrival at captive facilities. However, the translocated organisms from Asia to the
uninfected captive recipient population should be further studied for other potentially
pathogenic diseases. As an example, a Haemogregarina-infected turtle from Asia may
harbor infected leeches that are not apparent upon visual inspection at arrival at the captive
facility. This leech may attach to different turtles in the same aquarium and therefore infect a
previously uninfected turtle resident of the captive population. Depending on the host
specificity of this particular Haemogregarina species, this may potentially induce a
pathogenic response in the new turtle host species. Another possible problem may include
translocated Asian turtles that carry Haemogregarina parasites but lack the leech vector. If
the leech vector is present at the captive facility, this may also transmit disease to an un-

natural host.

4) Anti-parasitic drugs

Due to the considerable biochemical differences in coccidia and their hosts, anti-
parasitic drugs are currently under evaluation that target metabolic mechanisms exclusive to
the parasites. Apicomplexans have a plant-like plastid and shikimate pathway that is not
present in the vertebrate hosts. The herbicide glyphosate has shown to reduce the infection
of the coccidian Toxoplasma in mice by inhibiting this shikimate synthesis activity (Roberts
et al., 1998). Research has shown that coccidia induce an immune response to produce

antibodies (Graczyk & Cranfield, 1997), therefore immunizations against the parasites could
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be another treatment option. Anti-parasitic drugs do not appear to be necessary in
Haemogregarina infections since leech removal correlates with elimination of the infection.
Anti-parasitic drugs would prove beneficial in the case that translocated turtles presented un-

natural hosts to specific strains of Haemogregarina.

5) appropriate health screening procedures

Woodford (2000) outlines acceptable health screening protocols. This includes a
physical exam with body weight and measurements. An examination by fecal flotation or
smears can also reveal any intestinal coccidian parasites or helminths that can be treated
orally. Blood smears and haematocrit can identify unusual blood cell counts, blood parasites
such as Haemogregarina, and clinical disease reflected by an increase in leukocytes. Whole
blood, serum or plasma ratios can be evaluated for other deficiencies or signs of infection.
Rectal swabs and oral swabs can be cultured for bacterial or fungal infections that also can be
treated with antibiotics and antifungals prior to reintroduction in a population. Ectoparasites

can be removed and possibly prevented depending on the particular parasite involved.

Woodford’s protocols (2000) are primarily specific to re-introduction of wild
organisms to a new locality. It serves, however, as a standard for controlling the potentially
devastating effects of wildlife disease and effective monitoring for turtle populations in both

wild, semi-wild, and captive situations.
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The current study was initiated to determine: a) presence of previously reported
coccidian parasite Haemogregarina in endemic Texas and translocated Asian turtles; b)
determination of the level of parasitemia in terms of defining pathogenicity, c) accurate
identification of genera based on morphological and molecular characters; d) tracing the
divergence and host-specificity based on phylogenetic analyses from molecular data, and ¢)
elucidating the possible epidemiology and parasitological control for wild and captive
populations. Due to the Asian turtle crisis and increasing threat of biodiversity loss in turtles,
this parasite information was collected to gain a greater perspective in disease transmission

for conservation purposes in turtles.

In the current study, an evaluation of wild, captive within the past year (wild caught,
captive raised), and captive turtles were evaluated for Haemogregarina infections. It was
determined (Chapter 1) that turtles in wild populations such as Aquarena Springs maintained
a low-level parasitemia, whereas captive turtles lacked the parasite entirely. This was
attributed to the removal of the intermediate vector leech by copper sulfate addition to the
water. The parasites do not appear to be pathogenic in these natural hosts, however
experimental transfer studies have shown severe pathogenic responses in unnatural hosts
(Wozniak et al., 1996) It was concluded in the current study (Chapter 2) that the parasites
appear to be host-specific but do not appear to be pathogenic. When comparing the
identification of Haemogregarina sp. methods of light microscopy to molecular techniques,
it was determined that both techniques were useful in an accurate evaluation of the
epidemiology (Chapter 2). In phylogenetic reconstruction of Haemogregarina using

molecular characters, it was determined that there was host-specificity for a particular genera
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of turtles as opposed to a lack of host-specificity from a generalized environment. The host-
specificity was apparent by the monophyletic clades for a specific turtle genera and a lack of

monophyly for turtle hosts from the same locality (Chapter 3).

For wild populations, there are additional implications with respect to disease
investigation and conservation such as accessibility to all individuals for clinical evaluation,
immigrant species as potential disease carriers, and inability to control leech vectors. Exotic
introductions and in situ conservation projects (semi-wild populations) risk exposure to
epidemiological agents. Within captive managed populations, assurance conservation
colonies and commercial farming colonies may be a source of disease removal. As seen in
the current Haemogregarina study, it appears that captive management and thus control of
leech vector exposure, rendered the parasite undetectable and possibly eliminated in captive
turtles held more than 3 years. Since this was the first examination of Haemogregarina
parasitemia in these turtles, it is not known if the turties in captivity for 3 years carried this
infection or not. Since these turtles were also translocated from Asia, it assumed that they
carried the same parasites as the turtles translocated in the past year. The period in captivity
1s expected to eliminate Haemogregarina infection due to the removal of the leech vector.
The export of more than one million red eared sliders (Trachemys scripta elegans) yearly
from captive localities such as the one studied in Louisiana to overseas are potential disease-
carriers to recipient populations such as intestinal coccidia, trypanosomes, or bacterial
infections. These exported Trachemys are not vectors with respect to Haemogregarina sp.

since all turtles from this location were negative for parasitemia.
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The multifactorial influence of population and evolutionary ecology regarding host-
parasite relationships remains an intricate situation that requires further investigation. By
understanding the transmission, pathogenicity, infection, and life history of these parasites, a
better understanding of control methods for infection can be derived. With the worldwide
biodiversity crisis affecting turtles, any effort to prevent the impact is significant. The future
of the existence of turtles is in part dependent on Assurance Colonies to prevent extinction of
endangered species. Certain guidelines are essential, however, to ensure these colonies are

successful and prevent inadvertent deleterious effectors.



APPENDIX A

TISSUE COLLECTION AND
TURTLE VOUCHERS

All blood samples were collected by Gina Lobban and stored in blood storage buffer at
-80C as part of the Forstner permanent tissue collection.
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A B C D E F G H 1 J K L

1 MF # Collector # Family Genus Species Subspecies| Sex Specific Locality County| State!| Country! Date Coliected
2 | MF#5473 | GLL #116 | Batagundae Callagur borneoensis F Waterlife Hays | TX | USA 02/09/02
3 ] MF#5474 | GLL #117 | Batagundae Callagur borneoensis F Waterlife Hays | TX | USA 02/09/02
4 | MF#5475 | GLL#118 | Batagurndae Callagur borneoensis F Wateriife Hays | TX USA 02/09/02
5 F#5476 | GLL#119 | Batagundae Callagur borneoensis F Waterlife Hays | TX USA 02/09/02
6 | MF#5477 | GLL #120 | Bataguridae Callagur borneoensis F Waterlife Hays | TX SA 02/09/02
7 F#5478 | GLL #121 | Batagundae Callagur borneoensis F Waterlife Hays | TX | USA 02/09/02
8 | MF#5479 | GLL #122 | Batagundae Callagur borneoensis F Waterlife Hays | TX | USA 02/09/02
9| MF#5472 | GLL #126 Chelidae Chelodmna mccordt F Waterlife Hays | TX USA 02/09/02
0] MF#5483 | GLL #127 helidae Chelodina siebenrocki F Waterlife Hays | TX | USA 02/09/02
11] MF#5482 | GLL # 126 Chelidae Chelodina siebenrock F Waterlife Hays | TX | USA 02/09/02
MF# 5836 | GLL #357 Chelidae Chelodina siebenrocki M Waterlife Hays | TX USA 04/06/02
MF# 5837 | GLL #358 Chelidae Chelodina benrocki M Waterlife Hays | TX USA 04/06/02
4| MF#5838 | GLL #359 Chelidae Chelodina siebenrocks M Waterlife Hays | TX | USA 04/06/02
15| MF# 5839 | GLL #360 Chelidae Chelodina stebenrocki F Waterlife Hays | TX USA 04/06/02
18 F# 5481 | GLL #124 Cheldae Chelodina mccord: F Waterlife Hays | TX | USA 02/09/02
17] MF# 5569 | GLL #2213 Emydinae Chrysemys icta bellt M Concordia Turtle Farm, Wildswile, LA LA USA 03/15/02
18] MF#5518 | GLL # 162 | Batagundae Cyclemys dentata M Guthrie turtle farms AL USA 03/14/02
15| MF#5525 | GLL #169 | Batagundae Cyclemys dentata M Guthne turtle farms AL USA 03/14/02
20] MF#56526 | GLL # 170 | Batagundae Cyclemys dentata M Guthrie turtle farms AL USA 03/14/02
1] MF#5512 | GLL # 156 tagunidae Cyclemys dentata F Guthne turtle farms AL USA 03/14/02
2] MF# 5840 | GLL #361 Chehdae Elseya branderhorsti F Waterlife Hays | TX USA 04/06/02
3| MF# 584 GLL #362 Chelidae Elseya branderhorstit M Waterlife Hays { TX USA 04/06/02
4} MF# 5842 | GLL #363 Chelidae Elseya branderhorstu M Waterhfe Hays | TX USA 04/06/02
5] MF# 5843 | GLL #364 Chelidae Elseya branderhorsti F Waterlife Hays | TX USA 04/06/02
26| MF# 5844 | GLL #365 Chelidae Elseya branderhorstit F Waterlife Hays | TX USA 04/06/02
271 MF# 5845 | GLL #366 Chelhdae Elseya branderhorsti F Waterlife Hays | TX USA 04/06/02
28] MF# 5846 | GLL #367 Chelidae Elseya branderhorstit M Waterlife Hays | TX SA 04/06/02
20| MF#5847 | GLL #368 Chelidae Elseya branderhorsti F Waterlife Hays | TX SA 04/06/02
30] MF# 5848 [ GLL #369 Chelidae Elseya branderhorsti M Waterlife Hays | TX SA 04/06/02
31] MF#5849 | GLL #370 Chelidae Elseya branderhorsti F Waterlife Hays | TX SA 04/06/02
32] MF#5850 | GLL #371 Chelidae Elseya branderhorsti F Waterlife Hays | TX USA 04/06/02
33] MF#5489; GLL #133 Chelidae Emydura subglobosa F Waterlife Hays | TX SA 02/09/02
34| MF# 5490 | GLL# 134 Chelidae Emydura subglobosa F Waterlife Hays | TX SA 02/09/02
35] MF#5491 | GLL#135 Chelidae Emydura subglobosa M Waterlife Hays | TX USA 02/09/02
36] MF#5492 | GLL # 136 Chelidae Emydura subglobosa F Waterlife Hays | TX USA 02/09/02
37] MF#5471 | GLL #114 Chelidae Emydura subglobosa F Waterlife Ha TX | USA 02/09/02
38| MF#5480 | GLL #123 | Batagundae Geoemyda nigrican F Waterlife Hays | TX | USA 02/09/02
30] MF#5885| GLL #406 Emydinae Graptemys versa M Capitol Aggregate, Marble Falls TX | USA 05/01/02
40] MF#5886 | GLL #407 Emydinae Graptemys versa M Capitol Aggregate, Marble Falls X USA 05/01/02
41] MF#5887 | GLL #408 Emydinae Graptemys versa M Capitol Aggregate, Marble Falls X USA 05/01/02
42] MF#5888 | GLL #409 Emydinae Graptemys versa M Captiol Agaregate, Marble Falls TX USA 05/01/02
43} MF# 5488 | GLL # 132 Emydinae Graptemys barben M Waterlife Hays | TX USA 02/09/02
44| MF#5493 | GLL #137 | Batagundae Hardella thunm F Waterlife Hays | TX | USA 02/09/02
45| MF#5494 | GLL # 138 | Batagundae Hardella thunn M Waterlife Hays | TX USA 02/09/02
46] MF#5811 | GLL#332 | BRatagundae Hec yS grandis U Waterlife Hays | TX USA 04/06/02
47] MF#5812 | GLL #333 | Bataguridae Heosemys grandis F Waterlife Hays | TX USA 04/06/02
48 F# 5813 | GLL #334 | Batagundae Heosemys grandis F Waterlife Hays | TX USA 04/06/02
49| MF#5814 | GLL#335! Batagundae Heosemys _grandis F Waterlife Hays | TX | USA 04/06/02
50] MF#5817 | GLL #338 | Batagundae Heosemys grandis U Waterlife Hays | TX USA 04/06/02
511 MF#5818 | GLL #339 | Batagundae Heosemys grandis M Waterlife Hays | TX USA 04/06/02
52| MF#5819 | GLL #340 | Batagundae Heosemys grandis F Waterlife Ha: X SA 04/06/02
3] MF#5820 | GLL #341 | Bataguridae Heosemys _grandis F Waterlife Hays | TX | USA 04/06/02
4| MF#5821 | GLL #342 | Batagundae Heosemys grandis F Waterlife Hays | TX | USA 04/06/02
5] MF# 5822 | GLL #343 | Batagundae Heosemys grandis M Waterlife Hays | TX | USA 04/06/02
[ 56] MF#5823 | GLL #344 | Bataguridae Hec grandis F Waterlfe Hays | TX [ USA 04/06/02
57| MF#5828 | GLL#349 | Batagundae Heosemys grandis F Waterlife Hays | TX USA 04/06/02
58] MF#5829 | GLL #350 | Bataguridae Heosemys grandis F Waterlife Hays | TX USA 04/06/02
50] MF# 5830 | GLL #351 | Bataguridae Heosemys grandis F Waterlife Hays | TX USA 04/06/02
60| MF# 5831 | GLL #352 | Batagundae Heosemys grandis U Waterlife Hays | TX | USA 04/06/02
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1 MF # Addttional Data PlastronLength/SVL | PlastronWidth/TL | Carapacet.ength | CarapaceWidth|] Wgt | W/C/WCCR [% parasitemig parasite mmts (microns) PCR test
2 | MF# 5473 pit # 036-825-863, captive born 1999 n/a nfa nfa n/a 45lbs C [¢] nfa neg
3 ) MF#5474 pit # 036-822-103, captive born, 4 yrs , captive born 1999 n/a na na n/a 16 27 oz C 0 n/a
4 | MF# 5475 pit # 037-090-035, captive born, 4 yrs , captive born 1999 n/a na na na 1416 0z C 0 n/a
5 | MF# 5476 pit # 036-839-781, captive born, 4 yrs , captive born 1999 nfa nia na nia 11980z C 0 n/a neg
6 | MF# 5477 pit # 037-092-373, caplive born, 4 yrs , captive born 1999 nfa n/a na na 1577 0z C 0 n/a
7 | MF#5478 pit # 036-626-879, captive born, 4 yrs , captive born 1999 nia na na na 1323 0z C 0 n/a
8 | MF# 5479 pit # 036-608-858, captive born, 4 yrs , captive born 1999 n/a 2] n/a n/a 1634 0z Cc 0 n/a neg
9 | MF#5472 pit # 122-567-491A, wild born, 5 yr captive n/a nia na n/a 891g WCCR 0 n/a neg
10] MF# 5483 captive born 1998 n/a o/a wa na 2799 c 0 n/a
11] MF# 5482 captive born 1998 na na na nia 3579 WCCR 0 n/a neg
12| MF# 5836 pit#122-529-322A, wild born, 5 yr Captive a n/a n/a na 1460 g WCCR 0 n/a neg
13| MF3# 5837 pit#122-565-663A, wild born, 5 yr Captive n/a wa na n/a 1940g WCCR 0 n/a
14| MF# 5838 __ pit#122-937-130A, wild born, 5 yr, captive n/a nia nfa wa 1040g WCCR 0 n/a neg
15] MF# 5839 DIt#122-526-293A, wild born, 5 yr Caphive wa wa n/a va 3380 WCCR 4] n/a
16] MF# 5481 pit # 122-655-652A, wild born, 5 yr captive n‘a n/a na n/a 891 g WCCR 0 n/a
7] MF# 5569 no markings, dense population 108 mm 73 mm nfa nfa 200g [o] 0 n/a neg
8| MF#5518 wild born, 3 yr Captive 148 mm 103 mm n/a nia 5209 WCCR 0003 n/a pos
g} MF# 5525 wild born, 3 yr Captive 156 mm 111 mm na n/a 640 g WCCR 0 n/a

20] MF# 5526 wild born, 3 yr Captive 129 mm 97 mm na nfa 4009 WCCR no siides n/a

21| MF# 5512 wild born, 3 yr Captive 154 mm 115 mm nia n/a 6409 WCCR 0 n/a neg

22| MF# 5840 pit#036-833-331, wild born, 5 yr Captive na wa na n/a 18009 WCCR 0 n/a neg

23| MF# 5841 pii#036-791-372, wild born, 5 yr Captive na na na nfa 1180g WCCR 0 nfa

24] MF# 5842 pit#036-788-520, wild born, 5 yr Captive n/a na na na 480¢g WCCR 0 n/a neg

25) MF# 5843 pit#122-524-455A, wild born, 5 yr Captive n/a na na na 2000g WCCR 0 n/a

26 MF# 5844 pit#122-928-711A wild born, 5 yr Captive n/a na na na 1900 g WCCR 0 n/a neg

27| MF# 5845 pit#036-599-352, wild born, 5 yr Captive nfa n/a n/a n/a n/a WCCR 0 n/a

28| MFi# 5846 pit#036-588-818, wild born, 5 yr Captive na n/a n/a wa 10209 WCCR 0 n/a neg

29| MF# 5847 pit#122-472-651A, wild born, 5 yr_Captive n/a n/a nfa n/a 1960 g WCCR 0 n/a
30] MF# 5848 pit#036-620-820, wild born, 5 yr Caphive n/a n/a n/a n/a 7609 WCCR 0 n/a neg

31| MF# 5849 pit#036-805-883, wild born, 5§ yr Captive na na na wa 12609 WCCR 0 n/a

32| MF# 5850 pit#122-926-465A, wild bomn, 5 yr Captive na na na wa 15009 WCCR 0 n/a neg
331 MF3# 5489 captive born, 2 yrs nfa nfa nfa n/a 3409 c 0 nfa neg
34] MF# 5490 captive born, 2 yrs n/a nfa nfa n/a 2159 [o] 0 n/a
35] MF# 5491 captive born, 2 yrs na n‘a nfa nfa 286¢g c 0 nfa neg
36 F# 5492 captive born, 2 yrs nia n‘a na na 203g C 9] nfa
37] MF# 5471 pit # 036-590-037, wild caught, 7 yr captive na n/a na wa 208kg WCCR 0 n/a neg

38| MF# 5480 pit # 122-524-764A n/a nla nia nfa 5379 WCCR 1] n/a neg

39] MF# 5885 158 mm 114 mm 197 mm 149 mm 1751bs w 0 n/a neg

40] MF# 5886 93 mm 63 mm 111 mm 79 mm 051bs w 001 6x2
41} MF# 5887 79 mm 52 mm 97 mm 68 mm 025 Ibs w 008 14 x4

421 MF# 5888 81 mm 56 mm 99 mm 74 mm 025Ibs w 051 4-13x4-5 pos

43] MF# 5488 captive born, 8 yrs wa n/a na wa 2359 C 0 n/a neg

44| MF# 5493 wild born, 3 yr Captive na na n/a nfa 352g WCCR 0 n/a neg

45| MF# 5494 nfa na nfa n/a 4539 WCCR 007 10x6 pos
46| MF# 5811 HG141, 3 mo_Captive, TSA seizure (from Malaysia/indonesia nia na na nfa 7500 g W 011 13x4

47| MF# 5812 HG52, 3 mo Captive, TSA seizure (from Malaysia/Indonesia) nwa n/a n/a na 25209 w 012 14 x 6

48 F#5813 | HG108, 3 mo Captive, TSA seizure (from Malaysia/indonesia) nfa na na n/a 1680 g w 068 12x5

49 F#5814 | HG113?, 3 mo Cative, TSA seizure (from Malaysia/indonesia) wa nwa n/a wa 29009 w 017 20x8 pos

50 F# 5817 HG64, 3 month captive n/a n/a na na 4660 g w 001 3-8 x4-7 neg

51] MF# 5818 HG30 or 97, 3 month captive nfa n/a na na 38609 w 022 14-15 x 4-6

52 F# 5819 HG2101 3 mo_Captive na na wa na 31009 w 013 16x5

53] MF# 5820 HG52?, 3 mo Captive, TSA seizure na n/a n/a n/a 36209 w 114 13x4 pos

54 F# 5821 HG61, 3 mo_Captive na nia na n/a 35809 w 052 13x5

55 F# 5822 HG 96, 3 mo_Captive, TSA seizure n/a nfa n/a na 34409 w 056 14x6

56| MF# 5823 HG225, 3 mo_Caplive, TSA seizure n/a n/a n/a na 37809 w 015 125x6 pos

57| MF# 5828 HG161, 3 mo Cpative nfa nia n/a na 4040 g w 01 10x3 pos

58] MF# 5829 Hg79, 3 mo_Captive na n/a na nla 35409 w 21 12-18 x 5-9 pos

501 MF# 6830 HG102, 3 mo_Captive nfa na na na 24009 w 08 15x6

60] MF# 5831 HGB5, 3 mo _Captive na na na na 25209 W 008 14 x5 pos
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1 MF # Collector # Family Genus Species Subspecies| Sex Specific Locality County| State | Country| Date Collected
61| MF#5832 | GLL #353 | Batagundae Heosemys grandis F Waterhfe Hays | TX USA 04/08/02
62| MF# 5833 | GLL #354 | Batagundae Heosemys grandis ) Waterlife Hays | TX USA 04/06/02
63] MF#5834 | GLL #355 | Batagundae Heosemys grandis V] Waterlife Hays | TX [ USA 04/06/02
64| MF#5835 | GLL #356 | Batagundae Heosemys grandis F Waterlife Hays | TX SA 04/06/02
65| MF#7952 | GLL#440 | Batagundae Heosemys grandis M Waterlife Hays | TX [ USA
66) MF#5826 | GLL #347 | Batagundae Hieremys annandali M Waterlife Hays | TX | USA 04/06/02
| 67] MF# 5827 | GLL #348 | Batagundae Hieremys annandaln F Waterlife Hays | TX [ USA 04/06/02
68] MF#5511 | GLL # 155 | Kinosternidae Knosternon sonorniense M Guthne turtle farms AL USA 03/14/02
69] MF# 5513 | GLL # 157 | Kinosternidae Kinosternon sonoriense M Guthrie turtle farms AL USA 03/14/02
70| MF#5514 | GLL # 158 | Kinosterrudae Kinosternon sononense F Guthne turtle farms AL USA 03/14/02
71 F# 5484 | GLL #128 Emydinae Malaclemys terrapin F Waterlife Hays | TX USA 02/09/02
72| MF#5485 | GLL #129 Emydinae Malaclemys terrapin F Waterlife Hays | TX SA 02/09/02
73] MF#5486 | GLL #130 Emydinae Malaclemys terrapin M Waterlife Hays | TX SA 02/09/02
74| MF# 5487 | GLL#131 Emydinae Malaclemys terrapin M Waterlife Hays | TX SA 02/09/02
75) MF#5456 | GLL#3 Batagundae Oriiha borneensis Waterlife Hays | TX [ USA 01/18/02
| 761 MF#5457 | GLL#4 Batagunidae Orlitia bor Waterlife Hays | TX | USA 01/18/02
77] MF#5454 GLL #1 Batagundae Oriitta bor Waterldf Hays | TX USA 01/18/02
78] MF#5455 | GLL #2 Batagunidae Orhtta bor Waterlife Hays | TX USA 01/18/02
79] MF#5815 | GLL #336 | Batagundae Oritia borneensis U Waterlife Hays | TX USA 04/06/02
80| MF#5816 | GLL #337 | Batagundae Oria bor F Waterlife Hays | TX SA 04/06/02
81] MF#5824 | GLL #345 | Batagundae Oriitia bor U Waterlife Hays | TX USA 04/06/02
82| MF#7947 | GLL#435 Batagundae Orlitra borneensis Waterlife Hays | TX USA
83| MF#7948 | GLL #346 | Bataguridae Orlitia borneensis F Waterlife Hays | TX | USA 04/06/02
84| MF#7949 | GLL#437 | Batagundae Orlitia bor Waterlife Hays | TX | USA
85] MF# 5507 | GLL # 151 | Pelomedusidae| Pelusios subniger M Guthne turtle farms AL USA 03/14/02
86] MF# 5516 | GLL # 160 | Pelomedusidae] Pelusios subniger M Guthrie turtle farms AL USA 03/14/02
87] MF# 5519 | GLL # 163 | Pelomedusidae] Pelusios submiger F Guthrie turtle farms AL USA 03/14/02
88| MF#5517 | GLL# 16 Chelidae Phrynops gibbus F Guthne turtle farms AL USA 03/14/02
89| MF# 5520 | GLL # 164 Chelidae Phrynops gibbus F Guthne turtle farms AL USA 03/14/02
90| MF#5524 | GLL # 168 Cheiidae Phrynops gibbus M Guthne turtle farms AL USA 03/14/02
91| MF#5853 | GLL #374 Chelidae Phrynops geoffroanus F Waterlife Hays | TX USA 04/06/02
92| MF#5854 | GLL #375 Chelidae Phrynops geoffroanus M Waterlife Hays | TX SA 04/06/02
93| MF# 6865 | GLL #376 Chehdae Phrynops geoffroanus M Waterhfe Hays | TX SA 04/06/02
94] MF#5530 | GLL #175 Chelidae Platemys platycephala F Guthrie turtle farms AL USA 03/14/02
g5} MF#5531 | GLL#174 Chelidae Platemys platycephala M Guthne turtle farms AL USA 03/14/02
96} MF#5796 | GLL #317 Emydinae Pseudemys nelsont F | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX [ USA 04/02/02
97] MF#5799 | GLL #320 Emydinae Pseudemys nelsont M | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 04/02/02
98] MF#5459 | GLL #14 Emydinae Pseudemys texana F | Cypress Pont, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 01/29/02
99] MF#5460 | GLL #15 Emydinae Pseudemys texana F_| Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX | USA 01/28/02
100} MF#5461 | GLL #16 Emydinae Pseudemys texana M | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 01/29/02
101] MF#5462 | GLL #17 Emydinae Pseudemys texana M | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 01/29/02
102] MF#5463 | GLL #18 Emydinae Pseudemys texana M | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX | USA 01/29/02
03] MF#5464 | GLL #19 Emydinae Pseudemys lexana M | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap} Hays | TX USA 01/29/02
[104] MF# 5465 | GLL #20 Emydinae Pseudemys lexana M | Cypress Point, Aquarena Spnings, San Marcos, Texas (basking trap) Hays | TX USA 01/29/02
105] MF#5466 | GLL #21 Emydinae Pseudemys lexana M | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX | USA 01/29/02
106] MF# 5467 | GLL #22 Emydinae Pseudemys texana F | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap} Hays | TX USA 01/29/02
107] MF#5468 | GLL #23 Emydinae Pseudemys texana M | Cypress Point, Aquarena Spnngs, San Marcos, Texas (basking trap} Hays | TX SA 01/29/02
108] MF#5469 | GLL #24 Emydinae Pseudemys texana M Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 01/28/02
1_Tg| MF# 5495 | GLL # 138 Emydinae Pseudemys texana M | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 01/30/02
10} MF# 5496 | GLL # 140 Emydinae Pseudemys texana F | Cypress Pomnt, Aquarena Springs, San Marcos, Texas (basking frap) Hays | TX USA 01/30/02
11} MF#5797 | GLL #318 Emydinae Pseudemys texana M_| Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 04/02/02
12} MF#5798 | GLL #319 Emydinae Pseudemys texana M _Cypress Point, Aguarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 04/02/02
113} MF# 5800 | GLL #321 Emydinae Pseudemys exana M | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 04/02/02
1141 MF# 5801 | GLL #322 Emydinae Pseudemys lexana M | Cypress Pomt, Aguarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 04/02/02
115) MF# 5802 | GLL #323 Emydinae Pseudemys lexana F_| Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap} Hays | TX USA 04/02/02
116] MF# 5803 | GLL #324 Emydinae Pseudemys lexana M | Cypress Pomnt, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 04/02/02
1171 MF# 6804 | GLL #325 Emydinae Pseudemys exana M_| Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 04/02/02
1181 MF# 5810 | GLL #331 Emydinae Pseudemys lexana F_| Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 04/04/02
119) MF# 5856 | GLL #377 | Emydinae Pseudemys texana F_| Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX | USA 04/09/02
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1 MF # Additional Data PlastronLength/SVL | PlastronWidth/TL | CarapaceLength | CarapaceWidth| Wgt | W/C/WCCR | % parasitemig parasite mmts _(microns) PCR test
61] MF# 5832 HG82, 3 mo Captive na na na nfa 3560 ¢g w 0 n/a neg
62] MF# 5833 HG92, 3 mo Captive na n/a n/a nla 30409 w 048 12x4
63} MF# 5834 HG 88, 3 mo Captive n/a na nia na 4420 g W 012 15x4
34| MF# 5835 HG 59, 3 mo Captive nfa na na n/a n‘a w 117 4x6 pos
65| MF#7952 HG87 na n‘a na na n/a w 064 14x86 pos
66| MF# 5826 HAS, 3 mo Captive nwa n/a na na 5780 ¢g w 061 12x4 pos
67] MF# 5827 HA21, 3 mo Captive wa nfa i) nfa 4160g w 009 12x6
68| MF# 5511 wild born, 5 yr Captive 115 mm 59 mm na nfa 2609 WCCR 062 062
69] MF#5513 wild born, § yr Captive 112 mm 57 mm nla nfa 260g WCCR 003 14 x5 pos
70} MF# 5514 wild born, 5 yr Captive 139 mm 73 mm n/a n/a 460g WCCR 0 nfa neg
71] MF#5484 captive born, 2 yr na na na n/a 533g C 0 n/a neg
72} MF# 5485 captive born, 2 yr nla na na nfa 3159 [o] 0 n/a
73] MF#5486 captive born, 2 yr na na nfa n/a 353¢g [} 0 n/a neg
74| MF# 5487 captive born, 2 yr nfa n/a n/a nfa 273g C 0 nfa
75| MF# 5456 n/a na nfa na 174kg w 206 12-14 x 6-7
76| MF# 5457 n/a wa nfa va w 251 10-19 x 6-10
| 77] MFi#5454 a n/a nfa n/a 368kg w 064 8-14 x 3-8
781 MF# 5455 na na na nia W 0 nfa neg
79] MF# 5815 QOB74, 3 month captive na n/a nfa n/a 1740 g W 342 20x8 pos
80] MF#5816 OBS55, 3 month captive va na nfa n/a 21609 w 002 16x4
81| MF#5824 0B76, 3mo Captive nfa n/a nfa wa 33409 w 048 10x5
82| MF#7947 0oB81 wa nfa nfa na w 062 10x3 pos
83| MF# 7948 0B110, 3 mo Captive n/a nfa nfa na 6960 g W 071 12x6 pos
4] MF#7949 oB15 wa nfa nfa wa w 062 10x3 pos
85| MF# 5507 wild born, 5 yr Captive 155 mm 105 mm n/a n/a 800g WCCR 0 nfa neg
86] MF#5516 wild barn, 5 yr Caphve 174 mm 124 mm na n/a 1220 WCCR no shdes n/a
871 MF#5519 wild born, 5 yr Captive 162 mm 127 mm n'a n/a 700g WCCR 0 n/a neg
88 MF#5517 wild born, 4 yr Captive 155 mm 122 mm na na 600 g WCCR [} n/a neg
89| MF# 5520 wild born, 4 yr Captive 179 mm 128 mm wa n/a 1100g WCCR 0 n/a neg
90| MF# 5524 wild born, 4 yr Caphve 141 mm 104 mm na na 5409 WCCR 0 n/a
91] MF# 5853 pit#036-843-043 n/a na n/a n/a 1140g WCCR 0 nfa neg
921 MF# 5854 2 drills on left side na na n/a na 1260 g WCCR 0 n/a
93] MF# 5855 notched left n/a n/a na n/a 780g WCCR 0 nfa
941 MF# 5530 wild born, 3 yr Captive 120 mm 83 mm na n/a 220g WCCR [+ n/a neg
95| MF# 5531 wild born, 3 yr Captive 134 mm 85 mm n‘a n/a 280g WCCR 0 n/a
96| MF#5796 RM1 LG2, pit#031-588-600 207 mm na 218 mm 175 mm 13009 w 006 6x3 pos
97] MF# 5799 LM12LG2 149 mm na 160 mm 126 mm 7009 w 0039 12x4
98] MF# 5459 LM1 RM1 RA, pit#031-582-323 253 mm n/a 289 mm 217 mm 2800g W 011 135x6 pos
99 F# 5460 LM1 RMS LG2, pit#031-580-027 181 mm n/a 201 mm 148 mm 8009 W 016 13x6 neg
100] MF# 5461 LM1,2 RM6 LG2 155 mm na 178 mm 128 mm 675g w 021 125x6 pos
101] MF# 5462 LM5 RM10 LA 154 mm nfa 176 mm 134 mm 6509 W 002 14x7 pos
102 F# 5463 LM1,2 RM7 LG2 151 mm nia 175 mm 135 mm 825¢g w 001 12x4 neg
103} MF# 5464 LM1,2 RM8 LG2 150 mm nia 177 mm 131 mm 5759 w 025 12-14 x 5-6 neg
04] MF# 5465 LM1,2 RM12 LG2 182 mm nfa 211 mm 154 mm 11009 w 001 12x5 neg
05] MF# 5466 LM1,2 RM9 LG2 181 mm na 210 mm 155 mm 1050 g w 023 8-10x 4 pos
10 F# 5467 LM1,2 RM10 LG2 pit# 031-582-882 183 mm n/a 213 mm 158 mm 12009 w 015 10x6 pos
107] MF# 5468 LM1,2 RM11 LG2 146 mm na 177 mm 127 mm 5759 w 009 13x4-56 pos
108] MF# 5469 LM1,2 RM4 149 mm n/a 165 mm 130 mm 600 g W oM 13x6 pos
109] MF# 5495 LM2,9RM 2, RH pit # 025-363-367 184 mm na 217 mm 157 mm 10009 w 003 8-12x3-4 neg
110] MF# 5496 LM1,3RM4LG2 250 mm na 274 mm 204 mm n/a w 008 14 x4 pos
1] MF# 5797 LM1,3 RM8 (accidental 11), LG2 187 mm na 225 mm 167 mm 1350g w 007 12-13x 4-6
2l MF# 5798 LM1,3 RM10,12 LG2 136 mm n/a 154 mm 119 mm 5009 W 001 8-11x3-4
3] MF# 5800 LM1,3 RM6 LG2 210 mm nia 241mm 171 mm 1600 g w 005 125x4
14} F# 5801 LM1,3RM8 LG2 172 mm nfa 205 mm 147 am 1000 g W 004 12x4
115] MF# 5802 LM1,3 RM7 (12 missing) LG2, pit#031-585-033 209 mm na 233 mm 177 mm 1750g w 017 6-12x4
116] MF# 5803 LM1,3 RMS LG2 145 mm nfa 159 mm 123 mm 600g w 011 6-10 x 3-6
117] MF# 5804 LM1,3 RMB LG2 210 mm na 241 mm 171 mm 1600 g w 003 8x4
118] MF# 5810 Lm1,3 RM12 LG2, pit#031-581-809 234 mm wa 261 mm 190 mm 2100g w 063 12x4 pos
119] MF# 5856 LM1,4 RM2 LG2, pit#031-591-870 211 mm n/a 230 mm 178 mm 1600 g W 013 13x2-5
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| 1] MF # Coliector # Family Genus Species | Subspecies| Sex Specific Locality County| State| Country| Date Coliected
120] MF# 5857 | GLL #378 Emydinae Pseudemys texana F_| Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX | USA 04/09/02
121] MF# 5858 | GLL #379 Emydinae Pseudemys texana F_| Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX | USA 04/09/02
122] MF# 5859 | GLL #380 Emydinae Pseudemys texana F | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 04/09/02
123] MF# 5860 | GLL #381 Emydinae Pseudemys texana F | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays [ TX | USA 04/09/02
[124] MF# 5866 | GLL #387 Emydinae Pseudemys texana F | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX | USA 04/09/02
125] MF# 5881 | GLL #402 Emydinae Pseudemys gorzugt F Oasis Ranch, West Texas ™ USA 04/13/02
126] MF# 5882 | GLL #403 Emydinae Pseudemys gorzugi M Oasis Ranch, West Texas TX | USA 04/13/02
127] MF# 5883 | GLL #404 Emydinae Pseudemys gorzugr M Qasis Ranch, West Texas X USA 04/13/02
128) MF#5884 | GLL #405 Emydinae Pseudemys gorzug! M Oasis Ranch, West Texas TX | USA 04/14/02
129] MF#5498 | GLL#142| Emydinae Pseudemys texana M | Cypress Point, Aquarena Spnngs, San Marcos, Texas (basking trap) Hays | TX | USA 01/30/02
130] MF# 5499 | GLL # 143 Emydinae Pseudemys texana M [ Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 01/30/02
131 MF# 5500 | GLL # 144 Emydinae Pseudemys texana M | Cypress Paint, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX | USA 01/30/02
132] MF# 5501 | GLL # 145 Emydinae Pseudemys texana M | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 01/30/02
133] MF# 5868 | GLL #389 Emydinae Pseudemys gorzugt M Oasis Ranch, West Texas X USA 04/12/02
134 F# 5869 | GLL #390 Emydinae Pseudemys gorzugt M Qasis Ranch, West Texas ™ USA 04712102
135] MF# 5870 | GLL #391 Emydinae Pseudemys gorzugt M Qasis Ranch, West Texas TX | USA 04/12/02
136] MF# 5871 | GLL #382 Emydinae Pseudemys gorzug! F Qasis Ranch, West Texas TX | USA 04/12/02
1371 MF# 5875 | GLL #396 Emydinae Pseudemys gorzugt F Oasis Ranch, West Texas TX | USA 04/13/02
138] MF# 5876 | GLL #397 Emydinae Pseudemys gorzugr F Qasis Ranch, West Texas TX USA 04/13/02
130] MF# 5877 GLL #398 Emydinae Pseudemys gorzug! M Qasis Ranch, West Texas TX USA 04/13/02
140] MF# 5878 | GLL #399 Emydinae Pseudemys gorzugt M Qasis Ranch, West Texas TX USA 04/13/02
141] MF# 5879 | GLL #400 Emydinae Pseudemys gorzugr M Qasis Ranch, West Texas ™ USA 04/13/02
142] MF# 5504 | GLL # 148 | Balagundae Rhinoclemmys punctulana M Guthne turtle farms AL USA 03/14/02
143] MF# 5522 | GLL # 166 | Batagundae Sacala bealeyt M Guthne turtle farms AL USA 03/14/02
144] MF#5523 | GLL #167 | Batagundae Sacala bealeyt F Guthre turtle farms AL USA 03/14/02
145] MF#5458 | GLL#5 Batagundae | Siebenrockiefla crassicollis Wateriife Hays | TX USA 01/18/02
146] MF# 5508 | GLL # 152 | Batagundae | Swebenrockiella | _crassicolhs F Guthrie turtle farms AL | USA 03/14/02
147] MF#5509 | GLL #153 | Batagundae | Siebenrockiella | crassicollis F Guthrne turtle farms AL | USA 03/14/02
148] MF#5505 | GLL #149| Batagundae | Siebenrockiella_| crassicollis M Guthrie turtle farms AL | USA 03/14/02
149] MF#5506 | GLL # 150 | Batagundae | Siebenrockiella | crassicollis M Guthrie turtle farms AL | USA 03/14/02
150f MF# 5510 | GLL # 154 | Batagundae | Siebenrockielila | crassico F Guthre turtle farms AL USA 03114/02
1511 MF#7951 | GLL#439 | Batagundae | Siebenrockiella | crassicollis M Waterlife Hays | TX | USA
152 MF#7950 | GLL#438 | Batagundae | Siebenrockiella | crassicollis F Waterlife Hays | TX ;| USA
153) MF# 5515 | GLL # 169 | Kinosternidae Staurotypus triporcatus F Guthrie turtle farms AL USA 03/14/02
154] MF# 5521 | GLL # 165 | Kinosternidae Staurotypus trporcatus F Guthrie turtle farms AL USA 03/14/02
1550 MF# 5852 | GLL #373 | Kinosternidae Staurotypus triporcatus F Waterhfe Hays | TX | USA 04/06/02
156] MF# 5851 | GLL #372 | Kinosternidae Staurotypus triporcatus F Wateriife Hays | TX USA 04/06/02
157] MF#5527 | GLL #171 | Kinosternidae Staurotypus triporcatus F Guthrie turtle farms AL USA 03/14/02
158] MF# 5528 | GLL # 172 | Kinosternidae Staurotypus triporcatus M Guthne turtle farms AL USA 03/14/02
159] MF# 5529 | GLL # 173 | Kinosternidae Staurotypus triporcatus M Guthrie turtle farms AL USA 03/14/02
160] GLL#26 GLL#26 | Kinosternidae | Sternotherus odoratus Aquarena Spnings, San Marcos Hays | TX | USA 09/24/01
161]  GLL#27 GLL#27 | Kinosternidae | _ Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX | USA 06/07/01
162] GLL#28 GLL#28 | Kinosternidae Sternotherus odoratus Aguarena Springs, San Marcos Hays | TX | USA 06/07/01
163] GLL#29 GLL#28 | Kinosternidae Sternotherus odoratus Agquarena Springs, San Marcos Hays | TX USA 06/07/01
164] GLL#30 GLL#30 | Kinostermdae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX | USA 06/07/01
165] GLL#31 GLL#31 Kinosternidae | _ Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX | USA 06/07/01
166] GLL#32 GLL#32 | Kinosternidae | Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX | USA 06/07/01
167]  GLL#33 GLL#33 | Kinosternidae Sternotherus odoratus Aguarena Springs, San Marcos Hays | TX | USA 06/07/01
168] GLL#34 GLL#34 | Kmnosternidae Sternotherus odoratus Aguarena Springs, San Marcos Hays | TX USA 06/07/01
1691 GLL#35 GLL#35 | Kmnosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX USA 06/07/01
170]  GLL#36 GLL#36 | Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX USA 06/07/01
17 GLL#37 GLL#37 | Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX USA 06/10/01
172]  GLL#38 GLL#38 | Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX USA 06/10/01

73] GLL#39 GLL#39 | Knosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX USA 06/10/01
[174]  GLL#40 GLL#40 | Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX USA 06/10/01
[175]  GLL#41 GLL#41 | Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX USA 06/10/01

76]  GLL#42 GLL#42 | Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX USA 06/10/01

77} GLL#43 GLL#43 | Kinostermidae |  Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX USA 06/10/01
178] _GLL#44 GLL#44 | Kinosternidae | _ Sternotherus odoratus Agquarena Springs, San Marcos Hays | TX | USA 06/10/01
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120] MF# 5857 LM1,4 RM3, LG2, pit#031-601-355 233 mm n/a 233 mm 1768 mm 1850 ¢ w 0 nia neg
121} MF# 5858 LM1,4 RM4, LG2, pit#031-589-028 240 mm nfa 271 mm 212mm 26009 W 0 n/a neg
122} MF# 5859 LM1,4 RM5, LG2, pit#031-586-352 235 mm nfa 256 mm 201 mm 2700 w 005 12x4
123) MF# 5860 LM6 RM2,12 LA 160 mm a 176 mm 136 mm 7009 W 038 12x5
124] MF# 5866 LM1,4 RM1 LG2, pit#031-591-870 226 mm n/a 248 mm 184 mm 21009 W 021 12x4
125] MF# 5881 PG10 59 mm 49 mm 67 mm 60 mm 60g w ] n/a
126] MF# 5882 PG11 154 mm 103 mm 174 mm 129 mm 6209 w 0 n/a neg
127] MF#5883 | (rt front flipper removed, old wound, radius and ulna protruding 141 mm 94 mm 162 mm 124 mm 5409 w 0 n/a neg
128] MF# 5884 PG12 167 mm 109 mm 193 mm 136 mm 900¢g w 0 n/a
129] MF# 5498 LM12RM1LG2 176 mm na 206 mm 156 mm 9509 w 01 11x5
30] MF# 5499 pit # 031-588-812 206 mm n/a 243 mm 177 mm 1650 g W 039 8x4
31| MF# 5500 LG12RM21G2 169 mm wa 198 mm 149 mm 850¢g w 01 13x6
[132] MF# 5501 LM 1,3 RM3 LG2 141 mm na 168 mm 125 mm 5259 w 028 13x6
133] MF# 5868 PG2 (drilled #2 according to {UCN field form) 210 mm 130 mm 220 mm 162 mm 14409 w 0 n/a
134} MF# 5869 PG4 (drilled #4 according to 1UCN field form) 202 mm 140 mm 248 mm 175 mm 1840 ¢ w 0 n/a
135] MF# 5870 PG3 (dnilled #3 according to IUCN field form) 187 mm 118 mm 260 mm 151 mm 1180g w [ n/a neg
136] MF# 5871 PG1 (drifled #1 according to 1UCN field form) 236 mm 157 mm 261 mm 196 mm 25209 W 0 n/a
137} MF# 5875 PG5 268 mm 181 mm 286 mm 260 mm 38209 W 0 n/a neg
138} MF# 5876 PG6 235 mm 150 mm 264 mm 181 mm 26009 w 0 n/a
[139] MF# 5877 PG7 190 mm 132 mm 220 mm 164 mm 1360 g W 0 n/a neg
40] MF# 5878 PG8 155 mm 101 mm 126 mm 132 mm 660g W 0 nia neg
41| MF# 5879 PG9 168 mm 112 mm 183 mm 142 mm 880g W 0 nfa
42| MF# 5504 wild born, 4 yr Captive 140 mm 110 mm n/a na 7609 WCCR 0 n/a neg
43] MF# 5522 wild born, 4 yr Captive 116 mm 87 mm na nfa 2009 WCCR no slides n/a neg
[144] MF# 5523 wild born, 4 yr Captive 128 mm 82 mm n/a na 260g WCCR no shdes n/a neg
[145] MF# 5458 from Malaysia) n/a n/a na na 116kg w 092 13x5-7
148] MF# 5508 wild born, 3 month Captive 137 mm 111 mm na n/a 7409 w 001 n/a
147] MF# 5509 wild born, 3 month Captive 153 mm 115 mm n/a nfa 840g w 005 nfa
148] MF# 5505 wild born, 3 yr Captive 132 mm 105 mm na na 7209 WCCR 1] n/a neg
149] MF# 5506 wild born, 3 yr Captive 136 mm 110 mm na n/a 7209 WCCR 0 n/a neg
150} MF# 5510 wild born, 3 month Captive 134 mm 113 mm n/a na 7009 w 175 nfa pos
151] MF#7951 SC124 n/a n/a na [ n/a W 102 nfa pos
152] MF#7950 SC82 n/a n/a na na n/a w 085 nla
153] MF# 5515 wild born, 7 yr Captive na n‘a o/a na 41409 WCCR 4] n/a neg
154] MF# 5521 wild born, 7 yr Captive nla nfa nia na a WCCR 0 n/a neg
155] MF# 5852 captive born 1998 na na na na 1480 g [o] 0 n/a
156] MF#5851 | captive born 1998, exposed to leeches by wild caught P texana na n/a n/a n/a 800g WCCR 0 n/a
157) MF# 5527 caphve born, 1 yr 49 mm 60 mm wa na 80g [o] no shides nfa
158] MF# 5528 captive born, 1 yr 82 mm 80m na na 3209 [} 0 n/a neg
159] MF# 5529 caphve born, 1 yr 74 mm 71 mm na na 340g C 0 n/a neg
160] GLL#26 LM7 RMQ = 716 n/a 716 486 526 w 02 10x4
161] GLL#27 LM2 RM4 = 888 nfa 888 601 1039 w 0 n/a
162] Gl 8 LM1,2 RM11 - 682 nfa 682 498 485 w 024 10x4
163] G| 9 LM2 RM5 = 938 n/a 938 587 1197 w 002 10x5
164] GLL#30 LM4,7 RM3 - 922 na 922 618 146 w 0 n/a
165]  GLL#31 LM2 RM2 = 937 na 937 618 1282 w 0 n/a
1 GLL#32 LM1,4,11 RM2 - nfa nfa n/a na nfa w 1] nla
167] GLL#33 LM2 RM3 817 nfa 817 544 823 w 015 13x6
168] GLL#34 LM1 RM11 82 nfa 82 58 85 w 004 95x3
169)  GLL#35 LM2,1 = wa na n/a wa n/a w 01 9x4
170] GLL#36 LMS5, 10-11 22 859 n/a 859 548 %64 w 02 10x55
71] GLL#37 LM2 RM8 = na nfa na n/a na w 02 12x6
72] GLL#38 LM5,9 RM4 - 823 na 823 588 96 8 w 003 10x4
73] GLL#38 na nfa n/a na na w 013 8x4
174] GLL#40 LM2 RM6 = 795 nfa 795 545 752 w 0 n/a
175 GLL#41 LM2 RM10 = 75 na 75 57 75 w 01 85x45
176] GLL#42 LM2 RM11 = a7 na 87 539 88 W 02 11x5
177] GLL#43 LM3 RM10 - nfa nfa nfa na n/a w 005 8x5
178] GLL#44 LM2 RM9 = 809 na 809 571 828 W 002 9x5
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G [€] Kinosternidae | Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX 06/10/01
Gl GL Kinosternidae | _Sternotherus odoratus Agquarena Springs, San Marcos Hays | TX 08/10/01
G GL Kinosternid Sternotherus odoratus Aguarena Springs, San Marcos Hays | TX A 06/25/01
GL Gl Kinostermd Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX A 08/25/01
GL G Ktnosternid Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX A 08/25/01
GL| G Kinosternid Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX SA 06/25/01
GL G Kinosternidae Sternotherus odoratus Agquarena Springs, San Marcos Hays | TX SA 06/25/01
GL G Kinosternid Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX A 06/25/01
GL G Kinosternid Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX A 06/25/01
GLI Kinosterrid Sternotherus odoratus Aquarena Spnngs, San Marcos Hays [ TX A 06/25/01
GL Kinosternid Sternotherus odoratus Aguarena Springs, San Marcos Hays | TX A 06/25/01
GL Kinosternid Sternotherus odoratus _Aquarena Springs, San Marcos Hays | TX A 06/25/01
GLL; Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays [ TX A 06/25/01
G Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | T™X A 06/25/01
G Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX A 06/28/01
Gl Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX 06/28/01
G Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX 06/28/01
G Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX 06/28/01
G Kinostermidae Sternotherus odoratus Aquarena Springs, San Marcos Hays [ TX 08/28/01
G Kinosternidae Sternotherus odoratus Agquarena Springs, San Marcos Hays | TX 06/28/01
Gl Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX A 06/28/01
G Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX A 06/28/01
G Kinosternid Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX A 07/14/01
G Kinosterni Sternotherus odoratus Aguarena Spnings, San Marcos Hays | TX A 07/14/01
Kinosterni Sternotherus odoratus Agquarena Springs, San Marcos Hays | TX A 07/14/01
Kinosterni Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX A 07/14/01
Kinosternidae Sternotherus odoratus Aquarena Spnngs, San Marcos Hays | TX SA 07/14/01
Kinosternidae Sternotherus odoratus Aquarena Spnngs, San Marcos Hays [ TX A 07/14/01
G Kinosternidae Sternotherus odoratus Aquarena Spnngs, San Marcas Ha X A 0714101
G Kinosternidae ternotherus odoratus Aquarena Springs, San Marcos Hays | TX A 0714101

G Kinosternidae Sternotherus odoratus Aquarena Spnngs, San Marcos Hays | TX A

G Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX USA

G Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX USA

GLI Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX USA

GL! Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays [ TX USA

GL! Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX [ USA

5| GL! Kinosternidae Sternotherus odoratus Agquarena Springs, San Marcos Hays | TX USA

[ GL! Kinostermidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX USA

7] GL! Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX USA

E GL Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX | USA

GLI Kingsternidae ternotherus odoratus Agquarena Springs, San Marcos Hays | TX USA

GL! Kinosternidae ternotherus odoratus Aquarena Springs, San Marcos Hays | TX USA

GL Kinosternidae ternotherus odoratus Aquarena Springs, San Marcos Hays | TX USA

G Kinosternidae ternotherus odoratus Aquarena Springs, San Marcos Hays | TX USA

Gl Kinosternid ternotherus odoratus Aquarena Springs, San Marcos Hays | TX | USA

Gl Kinosternid ternotherus odoratus Aquarena Springs, San Marcos Hays | TX | USA

G Kinosternd ternotherus odoratus Aquarena Springs, San Marcos Hays | TX USA

G Kinosternid Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX USA

G Kinosternidae | Sfernotherus odoratus Aquarena Spnngs, San Marcos Hays | TX | USA

G Kinosternidae Sternotherus odoratus Agquarena Springs, San Marcos Hays | TX USA

G Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Ha: IX USA

GL Kinosternid Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX SA

Kinosternid ternotherus odoratus Aquarena Springs, San Marcos Hays | TX SA

Kinosternid Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX 3A

Kinosternidae Stemotherus odoratus Aquarena Springs, San Marcos Hays | TX USA

Kinosternidae | _ Sfernotherus odoratus Aquarena Springs, San Marcos Hays | TX | USA

Kinosternidae | _ Sternotherus odoralus Aquarena Springs, San Marcos Hays | TX | USA

Kinosternidae | Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX | USA

Kinosternidae Sternotherus odoralus Aquarena Springs, San Marcos Ha TX | USA
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179] GLL#45 LM2 RM7 - 837 na 837 594 9056 w 06 10x5
180] GLL#46 LM4 RM3 = 975 na 975 598 1203 W 002 11x4
181] GLL#47 LM2,? RM1 - 975 wa 975 635 1386 w 006 125x6
182] GiLL#48 LM7,11 RM10 - o1 nfa 91 621 1205 w 0 n/a
1831 GLL#49 LM3 RM4 = 819 wa 819 586 833 w 002 12x4
184] GLL#50 LM3 RMS = 1002 na 1002 641 1431 w 007 12x6
185] GLL#51 LM3 RM8 = 842 na 842 568 102 4 w 01 10x5
186]  GLL#52 LM1,5 RM10 - 839 wa 839 527 928 w 01 125x5
187]  GLL#53 LM2 RM2 = 937 o/a 937 618 1282 w 005 10x6
188]  GLL#54 LM3 RM6 = 968 na %8 653 1373 w 002 12x4
189] GLL#55 LM3 RM7 = 9207 na 907 591 1016 w 016 165x5
190] GLL#56 ? nfa na n/a na n/a w 014 8x4
191] GLL#57 LM11 RM3 - 933 n/a 933 649 122 w 02 9x4
192] GLL#58 LM6,10 RM10 - 854 n‘a 854 571 919 w 0 n/a
193] GLL#59 LM2,10 RM7 93 na 93 634 1312 w 014 9x4
194] GLL#60 LM4,6 RM2 - 802 n/a 902 567 95 w 0 o7 g9x5
195] GLL#61 LM5,7 RM10 - 736 na 738 524 77 w 008 9x4
196] GLL#62 LM2 RMS - 815 na 815 575 807 w 001 8x4
197] GLL#63 LM6,7 RM7 - 802 n/a 802 559 838 w 005 10x4
198 GLL#64 LM4 RM5 = 789 na 789 54 745 w 0 n/a
199] GLL#65 LM5,7 RM11 - 882 wa 882 582 1224 w 016 12x6
200] GLL#66 LM4 RM10 = 882 n/a 882 556 913 w 016 10x5
201]  GLL#67 LM2,11 RM3 - 818 na 818 543 89 w 0 n/a
202] GLL#68 LM4 RM8 = 636 na 636 463 374 w 01 8-14 x 5-6
203] GLL#69 LM1,8 RM5 - 909 na 909 565 1139 w on 8x5
204 GLL#70 LM4 RMS = 85 na 85 58 105 w 002 6x6
205] GLL#71 LM4 RM11 = 891 na 891 595 106 w 001 10x5
208] GLL#72 LM4 RM7 = 812 na 812 526 715 w 006 8-12 x 5-7
07] GLL#73 LM8,11 RMS5 - na na na n/a na w 004 7x4
08] GLL#74 LM8,10 RM4 - 708 na 1006 604 1401 w 014 8x5
[200] GLL#7S LM5 RM2 = n/a na na nfa 112 w 003 11 x5
10] GLL#76 LMS RM1 = 517 na 819 507 863 w 01 14 x5
211]  GLL#77 LM6 RM1 = 582 na 915 582 106 7 w 005 12x6
212] GLL#78 LM3,6 RMS8 - 749 na 997 635 1558 w 007 12x4
213]  GLL#79 LMS5,9 RM10 - 595 n/a 867 564 1031 w 045 10x4
214} GLL#80 LM6 RM8 = 507 na 734 512 564 w oo 10x5
215]  GLE#81 LM6 RM9 = wa na n/a na nfa w 001 105x5
216] GLL#82 LM6 RM11 = 587 nfa B 867 566 959 w 006 10x6
2171 GLL#83 LM6& RM10 = 556 n/a 872 55 1032 w 002 12x8
218] GLL#84 1LM2,7 RM8 - 578 na 985 569 1155 w 003 10x4
ﬁ GLL#85 LM3,6 RM10 - 735 a 935 635 1406 W 015 14x5
220] _GLL#E6 NO DATA na n/a na | na wa W 01 12x45 ]
221  GLL#87 LM7 RM2 = 58 na 906 592 106 2 w 003 7x3
222] GLL#88 LM1,4,11 RM1 - na na na n/a n/a w 004 10x§
223 GLL#89 LM7 RM2 = 58 a 906 592 106 2 w 001 12x5
224] GLL#90 LM8,11 RM6 - na na na n/a wa w 005 8x4
[225] " GLL#91 LM7 RM5 = 577 n/a 818 563 822 W 006 12x5
226] GLL#92 LM1,3,10 RM1 - n/a na na na n/a w 0 n/a
227] GLL#93 LM7 RM4 = n/a nla na na 1103 w 0 nfa
228] GLL#94 LM1,4,10 RM2 - na na na na wa w 003 12x4
29]  GLL#95 LM7 RM8 = 485 na Nal 496 572 w 017 10x3
_j L.#96 LM3,4 RM7 - 595 na 923 50 127 w 0 n/a
L#97 LM6,7 RM10 - 532 wa 731 508 M2 w 003 14 x 6
L #98 LM7 RM2 = 58 na 906 592 1062 w 002 2x4
L#99 LM7 RM6 = 559 nfa 836 562 90 w 002 0x6
L#100 LM7 RM10 = 649 n/a 101 657 1473 w 0 na
L#10 LM7 RM7 = 549 Wa 807 551 676 W 017 3x4
| #102 LM8 RM1 = 56 wa 892 559 96 1 W 00 0x4
03 LM2 RM2 = 674 wa 937 618 1282 W 002 0x5
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1 MF # Caollector # Family Genus Species | Subspecies; Sex Specific Locality County| State| Country| Date Collected
238] GLL#104 | GLL#104 | Kinosternidae | Stemotherus odoratus Aquarena Springs, San Marcos Hays | TX | USA
239] GLL#105 | GLL#105 | Kinosternidae | Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX | USA
240] GLL#106 | GLL#106 | Kinosternidae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX USA
2411 GLL#107 | GLL#107 | Kinostermdae Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX USA
242] GLL#108 | GLL#108 | Kinosternidae Sternotherus odoratus Aguarena Springs, San Marcos Hays | TX USA
243] GLL#109 | GLL#109 | Kinostermidae Sternotherus odoratus Aguarena Springs, San Marcos Hays | TX USA
244] GLL#110 | GLL#110 | Kinosternidae Sternotherus odoratus Aguarena Springs, San Marcos Hays | TX USA
245] GLL#111 | GLL#111 | Kinosternidae Sternotherus odoratus Aquarena Spnngs, San Marcos Hays | TX USA
246] GLL#112 | GLL#112 | Kinosternidae |  Sternotherus odoratus Aquarena Springs, San Marcos Hays | TX | USA | _
2471 GLL#113 | GLL#113 | Kinosternidae |  Sternotherus odoratus Aguarena Springs, San Marcos Hays | TX USA
2481 MF# 5497 | GLL # 141 | Kinosternidae Sternotherus odoratus M | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 01/30/02
24§| MF#5502 | GLL#146 | Kinosternidae Sternotherus odoratus M | Cypress Paint, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA
250 MF# 5503 | GLL # 147 | Kinosternidae | __Sternotherus odoratus M | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX | USA 01/30/02
251] MF# 5889 | GLL #410 Emydinae Trachemys scripta elegans F Capitol Aggregate, Marble Falls X USA 05/01/02
2520 MF#5532 | GLL# 176 Emydinae Trachemys scripta elegans M Concordia Turtle Farm, Wildswille, LA LA USA 03/15/02
253] MF# 5533 | GLL #177 Emydinae Trachemys scripta elegans M Concordia Turtle Farm, Wildswvilte, LA LA USA |  03/15/02
254] MF# 5534 | GLL #178 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
255 MF# 5535 | GLL # 179 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
256] MF# 5536 | GLL # 180 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
257] MF# 5537 | GLL # 181 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildswille, LA LA USA 03/15/02
258] MF# 5538 | GLL # 182 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
259 MF# 5539 | GLL # 183 Emydinae Trachemys scripta elegans M Concordia Turtle Farm, Wildswville, LA LA USA 03/15/02
260] MF# 5540 | GLL # 184 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wiidswville, LA LA USA 03/15/02
261] MF# 5541 [ GLL # 185 Emydinae Trachemys scnpta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
262 F# 5542 | GLL # 186 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
263] MF# 5543 | GLL # 187 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wildsville, LA LA | USA 03/15/02
264] MF#5544 | GLL #188 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
265 MF# 5545 | GLL #189 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
266] MF# 5546 | GLL # 190 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
[267] MF# 5547 | GLL # 191 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildswville, LA LA USA 03/15/02_ |
268] MF# 5548 | GLL # 192 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
269] MF# 5549 | GLL # 193 mydinae Trachemys scripta elegans | M Concordia Turtie Farm, Wildsville, LA LA USA 03/15/02
1270] MF# 5550 | GLL # 194 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
[271] MF# 5551 | GLL # 195 Emydinae Trachemys scripta elegans F Concordia Turtie Farm, Wildsville, LA LA USA 03/15/02
272) MF# 5552 | GLL # 196 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsvilie, LA LA USA 03/15/02
273] MF# 5553 | GLL # 197 Emydinae Trachemys scripta elegans F Concordia Turlle Farm, Wildsville, LA LA USA 03/15/02
274] MF# 5554 | GLL # 198 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
1275] MF# 5555 | GLL # 199 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildswville, LA LA USA 03/16/02
276] MF# 5556 | GLL # 200 Emydinae Trachemys scripfa elegans | M Concordia Turtle Farm, Wiidswville, LA LA USA 03/15/02
2771 MF# 5557 | GLL # 201 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wildsvilie, LA LA USA 03/15/02
278] MF# 5558 | GLL # 202 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
279 MF# 5559 | GLL # 203 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
280) MF# 5560 | GLL # 204 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wildswville, LA LA USA 03/15/02
281] MF# 5561 | GLL # 205 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
282] MF# 5562 | GLL # 206 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
283] MF# 5563 | GLL # 207 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wildswille, LA LA USA 03/15/02
284] MF# 5564 | GLL # 208 Emydinae Trachemys scripta elegans | M Concordia Turtie Farm, Wildswille, LA LA USA 03/15/02
285] MF#5565 | GLL #209| Emydinae Trachemys scrpta elegans | F Concordia Turtle Farm, Wildsville, LA LA | USA 03115102
286] MF# 5566 | GLL # 210 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
287] MF#5567 | GLL #211 Emydinae Trachemys scripta eleqans F Concordia Turtle Farm, Wildswille, LA LA USA 03/15/02
288] MF# 5568 | GLL #212 Emydinae Trachemys scripta elegans F Concordia Turile Farm, Wildsvilie, LA LA | USA 03/45/02
280] MF#5570 [ GLL #214 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
290] MF# 5571 | GLL # 215 Emydinae Trachemys scripta elegans | F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
291] MF# 5572 | GLL #216 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
2920 MF# 5573 | GLL #217 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildswville, LA LA USA 03/15/02
5574 | GLL#218| Emydinae lrachemys scripta elegans | F Concordia Turtle Farm, Wildswille, LA LA | USA 03/15/02
5575 | GLL#219| Emydinae Trachemys scripta elegans | F Concordia Turtle Farm, Wildswville, LA LA | USA 03/15/02
5576 | GLL # 220 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
#6577 | GLL#221] Emydinae Trachemys scripta elegans | F Concordia Turtle Farm, Wiidsville, LA LA | USA 03/15/02
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238] GLL#104 LM8 RM3 = 57 na 90 577 1101 w 0 n/a
239 GLL#105 LM1,3,5 RM5? - n/a na n/a nfa n/a w 005 13x3
240] GLL#106 LM9 RM11 = 664 n/a 887 609 1013 w 0 n/a
241] GLL#107 LM9 RM2 = 709 nfa 969 60 1224 w 0 n/a
42] GLL#108 LMS RM4 = 571 n/a 844 542 843 W 001 12x4
43] GLL#109 LMS RMS = 518 n/a 734 517 549 w 001 10x5
44] GLL#110 LM3,4 RM10 - 496 na 711 482 54 w 005 10x5
245] GLL#111 LM9 RM3 = 58 na 901 564 100 7 w 002 0x5
246] GLL#112 LM9 RMS6 = 499 nfa 766 514 705 W 002 0x4
247] GLL#113 LM9 RM7 = 528 nfa 781 519 699 W 0 n/a
248 MF# 5497 LM286RM6 nfa n/a n/a nfa wa w 014 9x4 neg
249] MF#5502 wa n/a nfa n/a nfa w 016 12x4 neg
250] MF# 5503 LM36= n/a na nfa n/a n/a w 003 8-10x 4-5
251] MF# 5889 240 mm 157 mm 254 mm 200 mm 55 Ibs W 009 14x86
2521 MF# 5532 no markings, dense population 205 mm 134 mm n/a na 1700 g C 0 n/a neg
253] MF# 5533 no markings, dense population 212 mm 138 mm nfa n/a 1700 g [} 0 n/a neg
254] MF# 5534 no markings, dense population 180 mm 125 mm na nia 1200 g [ 0 n/a neg
255 MF# 5535 no markings, dense population 207 mm 131 mm nfa na 1680 g C 0 n/a neg
256] MF# 5536 no markings, dense population 196 mm 125 mm na nfa 15209 C 0 n/a neg
257) MF# 5537 no markings, dense population 214 mm 136 mm n/a na 2180g o] 0 n/a
258] MF# 5538 no markings, dense population 189 mm 126 mm nia na 1440 g C 0 n/a
1259] MF# 5539 no markings, dense population 173 mm 110 mm na nfa 11209 C )] n/a
260] MF# 5540 no markings, dense population 208 mm 127 mm n/a nfa 18209 C 4 n/a
261] MF# 5541 no markings, dense population 208 mm 138 mm na na 19409 C 0 n/a
262] MF# 5542 no markings, dense population 175 mm 122 mm nfa n/a 13809 C 0 n/a
263] MF# 5543 no markings, dense population 177 mm 109 mm na na 1060 g C 0 n/a
264] MF# 5544 no markings, dense population 163 mm 110 mm na n/a 1020 g C 0 n/a
265 MF# 5545 no markings, dense popuiation 212 mm 126 mm na nfa 1800 g C 0 n/a
266] MF# 5546 no markings, dense population 118 mm 78 mm n‘a nfa 280g C 0 n/a
267] MF# 5547 no markings, dense population 108 mm 79 mm n/a na 2009 [o] 0 n/a
268] MF# 5548 no markings, dense population 119 mm 81 mm nia nfa 280g C 0 n/a
269] MF# 5549 no markings, dense population 100 mm 74 mm n/a nfa 200g C 0 n/a
270] MF# 5550 no markings, dense popuiation 112mm 83 mm na na 300g C 0 n/a
271] MF# 5551 no markings, dense population 112 mm 81 mm wa wa 260 g [¢] 0 n/a
272] MF# 5552 no markings, dense population 106 mm 78 mm n/a n/a 240g [¢] 0 n/a
273} MF# 5553 no markings, dense population 123 mm 91 mm na n/a 3209 [o] 0 n/a
274) MF# 5554 no markings, dense population 90 mm 77 mm na nfa 1809 9] 0 n/a
275 MF# 5555 no markings, dense population 102 mm 78 mm na na 220g C 0 n/a
276] MF# 5556 no markings, dense population 101 mm 82 mm na na 2209 [o] 0 n/a
277} MF# 5557 no markings, dense popuiation 89 mm 69 mm nfa nia 1409 [} 0 n/a
278] MF# 5558 no markings, dense population 99 mm 74mm na na 200g C 0 n/a
ﬁ MF# 5559 no markings, dense population 97 mm 69 mm nfa n/a 180 g [o] 0 n/a
280} MF# 5560 no markings, dense population 93 mm 68 mm na n/a 180g [} 0 n/a
281} MF# 5561 no markings, dense population 82 mm 63 mm na na 140g C 0 n/a
282] MF# 5562 no markings, dense population 96 mm 72 mm nfa nfa 180g [o] 0 n/a
283 F# 5563 no markings, dense population 81 mm 66 mm nla na 140g [8] 0 n/a
284 F# 5564 no markings, dense population 83 mm 61 mm nia nfa 100g C 0 n/a
285 F# 5565 no markings, dense popuiation 77 mm 62 mm nfa n/a 100g [o] 0 n/a
286] MF# 5566 no markings, dense population 79 mm 59 mm nfa nfa 100g [ 0 n/a
287] MF# 5567 no markings, dense population 84 mm 65 mm na na 140 g C 0 n/a
281 F# 5568 no markings, dense population 64 mm 49 mm na nfa 80g C 0 n/a
2891 MF# 5570 no markings, dense population 265 mm 163 mm na na 32209 [o] 4] n/a
290] MF# 5571 no markings, dense population 220 mm 146 mm na nfa 20209 [o] 0 n/a
291] MF# 5572 no markings, dense population 241 mm 141 mm na nfa 2560 g [} 4] n/a
29 F# 5573 no markings, dense population 216 mm 133 mm na na 1800 g [} 0 n/a
293] MF# 5574 no markings, dense population 201 mm 140 mm na na 1920 g C 0 n/a
294 F# 5575 no markings, dense population 211 mm 136 mm na n/a 20009 [} 0 n/a
295 MF# 5576 no markings, dense population 238 mm 142 mm na na 1960 g C 0 n/a
298] MF# 5577 no markings, dense population 210 mm 133 mm na n/a 1880 g [o] [ n/a
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1 MF # Collector # Family Genus Species | Subspecies| Sex Specific Localty County| State| Country| Date Collected
297] MF# 5578 | GLL #222 Emydinae Trachemys scripta elegans F Concordia Turtie Farm, Wildsville, LA LA USA 03/15/02
208] MF# 5579 | GLL #223 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildswille, LA LA USA 03/15/02
209] MF# 5580 | GLL # 224 Emydinae Trachemys scnpta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
300] MF# 5581 | GLL # 225 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
301] MF# 5582 | GLL # 226 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
302] MF# 5583 | GLL #227 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
303) MF#5584 | GLL #228 Emydinae Trachemys scripta elegans F Concordia Turtie Farm, Wildsville, LA LA USA 03/15/02
304] MF# 5585 [ GLL # 229 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
305] MF# 5586 | GLL # 230 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
308] MF# 5587 | GLL # 231 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
307} MF# 5588 | GLL #232 Emydinae Trachemys scnpta | elegans | F Concordia Turtie Farm, Wildsville, LA LA USA 03/15/02
308] MF# 5589 | GLL #233 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildswville, LA LA USA 03/15/02
E MF# 5590 | GLL #234 Emydinae Trachemys scnpta elegans F Concordia Turtle Farm, Wildsvilie, LA LA USA 03/15/02
310] MF# 5591 | GLL # 235 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildswille, LA LA USA 03/15/02
311] MF# 5592 | GLL # 236 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsvilie, LA LA USA 03/15/02
312] MF#5593 | GLL #237 Emydinae Trachemys scripta | elegans | F Concordia Turtle Farm, Wildsville, LA LA | USA 03/15/02
313] MF#5594 | GLL #238 Emydinae Trachemys scripta | elegans F Concordia Turtle Farm, Wildsville, LA LA | USA 03/15/02
314] MF# 5595 | GLL # 239 Emydinae Trachemys scripta | elegans F Concordia Turtle Farm, Wiidsville, LA LA USA 03/15/02
315] MF# 5596 | GLL # 240 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
316] MF# 5597 | GLL # 241 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
317] MF# 5598 | GLL # 242 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
318] MF# 5599 | GLL # 243 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildswille, LA LA USA 03/15/02
319] MF# 5600 | GLL # 244 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsvitle, LA LA USA 03/15/02
320] MF# 5601 | GLL # 245 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
321] MF# 5602 | GLL # 246 Emydinae Trachemys scnpta elegans | M Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
322] MF#5603 | GLL #247 | Emydinae Trachemys scripta elegans | F Concordia Turtle Farm, Wildsville, LA LA | USA 03/15/02
323 F# 5604 | GLL # 248 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
[324] MF# 5605 | GLL # 249 Emydinae Trachemys scripta elegans M Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
[325] MF# 5606 | GLL # 250 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
[326] MF# 5607 | GLL # 251 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildswville, LA LA USA 03/15/02
271 MF# 5608 | GLL # 252 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildswille, LA LA USA 03/15/02
32 F# 5609 | GLL # 253 Emydinae Trachemys scripta elegans M Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
32 F# 5610 | GLL # 254 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
30] MF# 5611 | GLL # 255 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
31 F# 5612 | GLL # 256 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
3320 MF# 5613 | GLL # 257 Emydinae Trachemys scnipta elegans F Concordia Turtie Farm, Wildswille, LA LA USA 03/15/02
333] MF# 5614 | GLL # 258 Emydinae Trachemys scripta elegans F Concordia Turtie Farm, Wildsville, LA LA USA 03/15/02
334] MF# 5615 | GLL # 259 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
335] MF#5616 | GLL # 260 Emydinae Trachemys scripta elegans | F Concordia Turtle Farm, Wiidsville, LA LA USA 03/15/02
334 F# 5617 | GLL # 261 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
337) MF#5618 | GLL #262 Emydinae Trachemys scripta elegans | F Concordia Turtle Farm, Wildsvilie, LA LA | USA 03/15/02
338] MF# 5619 | GLL # 263 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
339] MF# 5620 | GLL # 264 Emydinae Trachemys scripta elegans F Concordia Turtie Farm, Wildswille, LA LA USA 03/15/02
340] MF# 5621 | GLL # 265 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wildswille, LA LA USA 03/15/02
341] MF# 5622 | GLL # 266 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildswville, LA LA USA 03/15/02
342] MF# 5623 | GLL # 267 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildswilie, LA LA USA 03/15/02
343] MF# 5624 | GLL # 268 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wildsvilie, LA LA USA 03/15/02
344 MF# 5625 | GLL # 269 Emydinae [rachemys scripta elegans F Concordia Tustle Farm, Wildsville, LA LA USA 03/15/02
345] MF# 5626 | GLL #270 Emydinae Trachemys scripta elegans F Concordia Turtie Farm, Wildswilie, LA LA USA 03/15/02
MF# 5627 | GLL # 271 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wildswilie, LA LA USA 03/15/02
MF# 5628 | GLL # 272 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wildswille, LA LA USA 03/15/02
MF# 5629 | GLL #273 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
MF# 5630 | GLL #274 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
350] MF# 5631 | GLL #275 Emydinae Trachemys scripta | elegans | F Concordia Turtle Farm, Wildsville, LA LA | USA 03/15/02
351 MF# 5632 | GLL # 276 Emydinae Trachemys scripta elegans M Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
352] MF# 5633 | GLL #277 Emydinae Trachemys scripta elegans | F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
353] MF# 5634 | GLL #278 Emydinae Trachemys scripta elegans | F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
354] MF# 5635 | GLL #279 Emydinae Trachemys scripta elegans | F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
|355] MF# 5636 | GLL # 280 Emydinae Trachemys scrpta elegans | F Concordia Turtle Farm, Wildsville, LA LA | USA 03/15/02

wl



A M N [¢] P Q R S T U 4
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297 MF# 5578 no markings, dense population 209 mm 142 mm n/a nfa 1800 g C 0 n/a
298] MF# 5579 no markings, dense population 223 mm 131 mm na n/a 20209 C 4] n/a
|299] MF# 5580 no markings, dense population 192 mm 119 mm nia n/a 1340g C 0 n/a
300] MF# 5581 no markings, dense population 201 mm 123 mm n/a n/a 15809 C 0 n/a
301] MF# 5582 no markings, dense population 230 mm 145 mm na nfa 22009 (o] Q0 n/a
302 MF# 5583 no markings, dense population 205 mm 120 mm n/a n/a 17409 C 0 n/a
303] MF# 5584 no markings, dense population 207 mm 128 mm n/a na 1600 g C 0 n/a
304] MF# 5585 no markings, dense population 221 mm 132 mm n/a nfa 20409 C 0 n/a
05| MF# 5586 no markings, dense population 192 mm 124 mm na n/a 1300 g C 0 n/a
| 306] MF# 5587 no markings, dense population 205 mm 131 mm n/a n/a 1580 g C 0 n/a
07} MF# 5588 no markings, dense population 211 mm 130 mm n/a n/a 17609 C 0 n/a
308] MF# 5589 no markings, dense population 239 mm 133 mm n/a n/a 2280 g [ 0 n/a
309 MF# 5590 no markings, dense population 221 mm 143 mm nfa nla 1920 g C 0 n/a
310] MF# 5591 no markungs, dense population 221 mm 131 mm n/a na 1660 g (& 0 n/a
311} MF# 5592 no markings, dense population 215 mm 132 mm n/a wa 18809 C 0 n/a
312| MF# 5593 no markings, dense population 206 mm 143 mm n/a n/a 1560 g C 0 n/a
313] MF# 5594 no markings, dense popuiation 213 mm 135 mm n/a n/a 1780g C 0 n/a
314] MF# 5595 no markings, dense population 215 mm 132 mm n/a na 1560 g C 0 n/a
315} MF# 5596 no markings, dense population 225 mm 142 mm n/a na 2220g C 0 n/a
316] MF# 5597 no markings, dense population 204 mm 129 mm n/a n/a 17009 C 0 n/a
317] MF# 5598 no markings, dense population 228 mm 141 mm n/a n/a 2160 g C 0 n/a
318] MF# 5599 no markings, dense population 199 mm 119 mm nia na 1500 g C 0 n/a
|319] MF# 5600 no markings, dense population 208 mm 137 mm nfa na 2080 g C 0 n/a
20] MF# 5601 no markings, dense population 203 mm 132 mm n/a na 1660g C 0 n/a
21] MF# 5602 no markings, dense population 215 mm 131 mm n/a na 17209 (& 0 n/a
22| MF3# 5603 no markings, dense population 245 mm 156 mm n/a n/a 24409 [} 4] n/a
23] MF# 5604 no markings, dense population 221 mm 135 mm n/a na 1900 g C 0 n/a
324] MF# 5605 no markings, dense population 219 mm 137 mm na n/a 1840 g (o} 0 n/a
325) MF# 5606 no markings, dense population 211 mm 133 mm n/a n/a 1900 g c 0 n/a
326] MF# 5607 no markings, dense population 239 mm 139 mm n/a na 2400 g (o] Y n/a
327] MF# 5608 no markings, dense population 203 mm 128 mm n/a na 14209 c 0 nfa
328} MF# 5609 no markings, dense population 169 mm 98 mm n/a na 8809 [} 0 n/a
@' MF# 5610 no markings, dense population 184 mm 118 mm n/a n‘a 1180 g Cc 0 n/a
330] MF# 5611 no markings, dense population 153 mm 88 mm n/a n/a 7409 c 0 nfa
331) MF# 5612 no markings, dense population 192 mm 118 mm n/a na 1580 g C 0 n/a
332] MF# 5613 no markings, dense population 209 mm 131 mm n/a n/a 16209 C ] n/a
333] MF# 5614 no markings, dense population 207 mm 125 mm na na 13809 [o} 0 n/a
334] MF# 5615 no markings, dense population 209 mm 123 mm na na 1880 g c [ n/a
335| MF# 5616 no markings, dense population 220 mm 138 mm nia n/a 2000 g C 0 n/a
336] MF# 5617 no markings, dense population 197 mm 120 mm n/a n/a 1440 g Cc 0 n/a
337] MF# 5618 no markings, dense population 214 mm 140 mm n/a n/a 20029 C 0 n/a
338] MF# 5619 no markings, dense population 208 mm 127 mm na na 1800 g C 0 n/a
[339] MF# 5620 no markings, dense population 226 mm 134 mm na na 22009 [o} 0 n/a
340] MF# 5621 no markings, dense population 209 mm 126 mm na na 17009 C 0 n/a
341] MF# 5622 no markings, dense population 228 mm 139 mm n/a nfa 2220g [} 0 n/a
342] MF# 5623 no markings, dense population 226 mm 127 mm wa na 20209 Cc 0 n/a
343] MF# 5624 no markings, dense population 177 mm 112 mm na n/a 10809 C 0 n/a
344] MF# 5625 no markings, dense population 203 mm 136 mm n/a na 1680 g C 0 n/a
345] MF# 5626 no markings, dense population 199 mm 126 mm a n/a 1840 g [oF 0 nla
346] MF# 5627 no markings, dense population 191 mm 120 mm na n/a 1400 g [& 0 n/a
3471 MF# 5628 no markings, dense population 196 mm 126 mm na na 1460 g C 0 n/a
348] MF# 5629 no markings, dense population 214 mm 136 mm na na 20409 C 0 n/a
3491 MF# 5630 no markings, dense population 253 mm 150 mm nfa nia 28809 C 0 nfa
350] MF# 5631 no markings, dense population 4191 mm 123 mm nia na 1480 g C 0 n/a
351] MF# 5632 no markings, dense population 193 mm 122 mm nla nfa 14209 C 0 n/a
352] MF# 5633 no markings, dense population 198 mm 140 mm n/a nfa 1660 g C 0 n/a
353 MF# 5634 no markings, dense population 220 mm 138 mm na wa 17209 C 0 n/a
354 F# 5635 no markings, dense population 242 mm 150 mm nja nwa 3180g C 0 n/a
| 355]_MF# 5636 no markings, dense population 223 mm 136 mm wa n/a 20809 [¢] 0 n/a
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356] MF# 5637 | GLL # 281 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
357 F# 5638 | GLL # 282 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
358] MF# 5639 | GLL # 283 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
3501 MF# 5640 | GLL # 284 Emydinae Trachemys scripta elegans | F Concordia Turtle Farm, Wildswville, LA LA USA 03/15/02
360] MF# 5641 | GLL #285 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
361] MF# 5642 | GLL # 286 Emydinae Trachemys scripta elegans F Concordia Turtie Farm, Wildswille, LA LA USA 03/15/02
362] MF# 5643 | GLL #287 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
363] MF# 5644 | GLL # 288 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
364 F# 5645 | GLL #289 Emydinae Trachemys scripta elegans F Concorda Turtle Farm, Wildsville, LA LA USA 03/15/02
365) F# 5646 | GLL #290 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
366] MF# 5647 | GLL # 291 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildswville, LA LA USA 03/15/02
367) MF# 5648 | GLL # 292 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02
368] MF# 5649 | GLL #2393 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wiidsville, LA LA USA 03/15/02
369] MF# 5650 | GLL #294 Emydinae Trachemys scripta elegans F Concordia Turile Farm, Wildswille, LA LA USA 03/15/02
370] MF#5651 | GLL # 295 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wildsvilie, LA LA USA 03/15/02

71] MF# 5652 | GLL # 296 Emydinae Trachemys scripta elegans F Concordia Turtie Farm, Wildsvilie, LA LA USA 03/15/02

72] MF# 5653 | GLL #297 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wildswille, LA LA USA 03/15/02

73] MF# 5654 | GLL #298 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA USA 03/15/02

74] MF# 5655 | GLL #289 Emydinae Trachemys scripta elegans | M Concordia Turtle Farm, Wiidsville, LA LA USA 03/15/02

75] MF# 5656 | GLL # 300 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildswille, LA LA USA 03/15/02
[376] MF# 5657 | GLL # 301 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsviile, LA LA USA 03/15/02
3771 MF#5658 | GLL # 302 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildsville, LA LA | USA 03/15/02
378] MF# 5659 | GLL # 303 Emydinae Trachemys scripta elegans F Concordia Turtie Farm, Wildswville, LA LA USA 03/15/02
379] MF# 5660 | GLL # 304 Emydinae Trachemys scripta elegans F Concordia Turtie Farm, Wildsville, LA LA USA 03/15/02
380) F# 5661 | GLL #305 Emydinae Trachemys scripta elegans Concordia Turtie Farm, Wildswville, LA LA USA 03/15/02
381] MF# 5662 | GLL # 306 Emydinae Trachemys scripta efegans | M Concordia Turtle Farm, Wildswille, LA LA USA 03/15/02
382] MF# 5663 | GLL # 307 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildswille, LA LA SA 03/15/02
383 F# 5664 | GLL #308 Emydinae Trachemys scripta elegans M Concordia Turtle Farm, Wildswille, LA LA USA 03/15/02
384] MF# 5665 | GLL # 309 Emydinae Trachemys scripta elegans Concordia Turtie Farm, Wildswville, LA LA USA 03/15/02
385] MF# 5666 | GLL #310 Emydinae Trachemys scripta elegans Concordia Turtle Farm, Wildsville, LA LA SA 03/15/02
386] MF# 5667 | GLL # 311 Emydinae Trachemys scripta elegans F Concordia Turtie Farm, Wildsville, LA LA USA 03/15/02
387] MF# 5668 | GLL #312 Emydinae Trachemys scripta elegans F Concordia Turtie Farm, Wildswville, LA LA USA 03/15/02
388] MF# 5669 | GLL #313 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildswille, LA LA USA 0315/02
389] MF#5670 | GLL#314 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildswille, LA LA USA 03/15/02
390] MF#5795| GLL #316 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildswville, LA LA USA 04/03/06
391] MF#5994 | GL#216 Emydinae Trachemys scripta elegans F Concordia Turtle Farm, Wildswille, LA LA 03/15/02
3021 MF#5470 | GLL #25 Emydinae Trachemys scripta elegans F | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX | USA 01/20/02
393] MF# 5805 | GLL #326 Emydinae Trachemy scripta elegans F | Cypress Paint, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 04/02/02
394] MF# 5806 | GLL #327 Emydinae Trachemys scripta elegans F | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 04/02/02
395] MF# 5807 | GLL #328 Emydinae Trachemys scripta elegans F | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 04/02/02
396] MF#5808 | GLL #3298 Emydinae Trachemys scripta elegans F_| Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays TX USA 04/02/02
397] MF# 5809 | GLL #330 Emydinae Trachemys scripta elegans F | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX | USA 04/04/02
308] MF# 5861 | GLL #382 Emydinae Trachemys scripta elegans F | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 04/09/02
390] MF# 5862 | GLL #383 Emydinae Trachemys scripta elegans U | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 04/09/02
400] MF#5863 | GLL #384 Emydinae Trachemys scripta elegans F | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 04/09/02
401] MF#5864 | GLL #385 Emydinae Trachemys scripta elegans | M | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap} Hays | TX USA 04/09/02
402] MF# 58651 GLL #386 Emydinae Trachemys scripta elegans F | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap) Hays | TX USA 04/09/02
403] MF# 5867 | GLL #388 Emydinae Trachemys scripta elegans | M | Cypress Point, Aquarena Springs, San Marcos, Texas (basking trap} Hays | TX | USA 04/09/02
404] MF# 5890 | GLL #411 Emydinae Trachemys scripfa elegans U Deanville (mom's lake) X USA 05/11/02
405 MF# 5891 | GLL #412 Emydinae Trachemys scripta elegans F Deanville (mom's lake) TX USA 05/11/02
406] MF#5892 | GLL #413 Emydinae Trachemys scripta elegans F Deanville (mom's lake) X SA 05/11/02
407] F#5893 | GLL #414 Emydinae Trachemys scripta elegans M Deanville {(mom's lake) ™ USA 05/12/02
408] MF#5894 | GLL #415 Emydinae Trachemys scripta elegans | M Deanville (mom's lake) X USA 05/12/02
409] MF#5895 | GLL #416 Emydinae Trachemys scripta elegans | M Deanviile {(mom's lake) TX USA 05/12/02
410] MF# 5896 | GLL #417 Emydinae Trachemys scripta elegans F Deanville (mom's lake) X USA 05/12/02
411 F# 5897 | GLL #418 Emydinae Trachemys scripta elegans F Deanville (mom's lake) X USA 05/12/02
412] MF# 5898 | GLL #419 Emydinae Trachemys scripfa elegans M Deanville (mom's lake) X USA 05/12/02
413] MF# 5899 | GLL #420 Emydinae Trachemys scripta elegans F Deanville (mom's lake) X USA 05/12/02
[414] MF# 5800 | GLL #421 Emydinae Trachemys scripta elegans | M Deanville (mom's lake) TX | USA 05/12/02
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1 MF # Additional Data PlastronLength/SVL | PlastronWidth/TL | CarapacelLength | CarapaceWidth| Wgt | W/C/WCCR | % parasitemig parasite mmts_(microns) PCR test
356] MF# 5637 no markings, dense population 223 mm 141 mm na n/a 2140g C 0 n/a
357] MF# 5638 no markings, dense population 216 mm 132 mm n/a n/a 1780 g 9] 0 n/a
358] MF# 5639 no markings, dense population 224 mm 139 mm na n/a 1960 g C 0 n/a
359] MF# 5640 no markings, dense population 238 mm 151 mm n/a n/a 2700g C 0 n/a
360] MF# 5641 no markings, dense population 203 mm 118 mm na na 1420g [ 0 nia
361] MF# 5642 no markings, dense population 228 mm 133 mm n/a n/a 1860 g C 0 nfa
362] MF# 5643 no markings, dense population 199 mm 131 mm n/a n/a 1680 g C 0 nfa
363] MF# 5644 no markings, dense population 213 mm 131 mm n/a na 1880 g o] ¢] n/a
364] MF# 5645 no markings, dense population 221 mm 136 mm nia na 1880 g C 0 n/a
365] MF# 5646 no markings, dense population 212 mm 140 mm nfa nia 2020g C 0 nfa
366] MF# 5647 no markings, dense population 208 mm 136 mm n/a wa 1620 g C 0 n/a
367] MF# 5648 no markings, dense population 217 mm 141 mm n/a nfa 2100g Cc 0 n/a
368] MF# 5649 no markings, dense population 217 mm 135 mm n/a nfa 18409 C 0 n/a
369] MF# 5650 no markings, dense population 214 mm 132 mm n‘a n/a 1700g C Q n/a
370 MF# 5651 no markings, dense population 200 mm 125 mm na na 1400 g [} 0 n/a
371] MF# 5652 no markings, dense population 111 mm 76 mm na na 240g C Q n/a
372| MF# 5653 no markings, dense population 119 mm 85 mm n/a na 320g C 0 n/a
373] MF# 5654 no markings, dense population 130 mm 84 mm nia na 360g C 0 n/a
374] MF# 5655 no markings, dense population 117 mm 80 mm nfa nia 300g C 0 n/a
375] MF# 5656 no markings, dense population 123 mm 86 mm a nla 3409 Cc 0 n/a
376] MF# 5657 no markings, dense popuiation 121 mm 82 mm nla n/a na C 0 n/a
3771 MF# 5658 no markings, dense population 125 mm 82 mm na n/a 340g [o 0 n/a
378] MF# 5659 no markings, dense population 102 mm 72 mm na n/a 220g C o n/a
379] MF# 5660 no markings, dense population 120 mm 82 mm nia n/a 320¢g ] 0 n/a
380] MF# 5661 no markings, dense population 106 mm 78 mm wa na 2409 C 0 na | ]
381] MF# 5662 no markings, dense population 99 mm 75 mm na nla 160¢g C 0 nfa
382 MF# 5663 no markings, dense population 111 mm 83 mm wa na 280g Cc 0 n/a
383] MF# 5664 no markings, dense population 110 mm 79 mm nfa nia 240g c o n/a
384] MF# 5665 no markings, dense population 87 mm 65 mm nfa n/a 140g Cc 0 n/a
385] MF# 5666 no markings, dense population 102 mm 75 mm na n/a 200g C 0 n/a
386] MF# 5667 no markings, dense population 98 mm 70 mm na na 160g Cc 0 n/a
387] MF# 5668 no markings, dense population 85 mm 52 mm n/a na 60g C 0 n/a
388] MF# 5669 no markings, dense population 93 mm 70mm n/a na 160 g [o] 0 n/a
E MF# 5670 no markings, dense population 80 mm 62 mm na wa 120g [% 0 n/a
390} MF# 5795 no markings 650 mm 520 mm n‘a nwa 60g C 0 n/a
391] MF# 5994 214 mm 136 mm nfa na 1820g w 0 n/a
392] MF# 5470 LM1,2 RM3 LG3 143 mm n/a 145 mm 120 mm 5509 W 02 14x7
303] MF# 5805 LM1,2 RM10 LG2, pit#031-588-524 198 mm na 213 mm 161 mm 1450 g W 086 14x6 pos
1394] MF# 5806 LM1,3 RM10 RH1 na__ nfa na n/a n/a w 021 12x4
395] MF# 5807 LM1,2 RMS LG2, pit#031-535-001 188 mm nfa 208 mm 158 mm 1400 g W 2 14x6 pos
396] MF# 5808 £M1,9 RM4 RH1 n/a n/a n/a na n/a w 003 12x3
397] MF# 5809 LM1,2 RM11 pit#031-576-269 183 mm na 202 mm 152 mm 12509 W 0 nfa neg
398] MF# 5861 LM1,2 RM12 LG2, pit#031-598-604 181 mm nfa 192 mm 139 mm 10009 W 029 14 x5 pos
399] MF# 5862 LM2,12 RM6 RA, pit#031-584-527 180 mm n/a 197 mm 155 mm 1200g w 012 12-14x 4
400] MF# 5863 LM1,2 RMS RH wa na na wa nfa w 01 13x6
401] MF# 5864 LM1,3 RM7 RH, pit#024-823-304 185 mm nfa 207 mm 158 mm 12009 w 167 14x5 pos
402) MF# 5865 LM6 RM12 LH, pit#012-572-630 204 mm nfa 219 mm 169 mm 1700g W 065 4x4 pos
403] MF# 5867 LM1,2 RM5 LG2 123 mm nfa 139 mm 107 mm 3759 w 02 12x4
404) MF# 5890 TSE1 (driled #1 according to IUCN field form) 770 551 85mn 601 2251bs w 022 15x7
405] MF# 5891 TSE2 725in 50m 725 60m 175Ibs W 001 n/a
406} MF# 5892 TSE3 85in 55mn 90In 70 301ibs W 056 16x3 pos
407] MF# 5893 TSE4 7010 45mn 75mn 55in 201Ibs w 038 13x4 pos
408] MF# 5894 TSES 575n 401n 60in 50N 101bs w 022 14 x5 neg
409] MF# 5895 TSE6 6510 4251 75m 55in 201Ibs w 008 12x5
410] MF# 5896 TSE7 80m 5251 825mn 65in 301lbs w 002 6x5
411} MF# 5897 TSES8 80 525 825 625in 281lbs w 005 4x4
412) MF# 5898 TSES 625in 40N 65 525in 101bs w 188 6x5 pos
413] MF# 5899 TSE10 85in 57510 901 70mn 401{bs w 074 9x4
414] MF# 5900 TSE11 625n 45mn 70n 551n 175 lbs W 001 12x3
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1 MF # Collector # Family Genus Species Subspecies| Sex Spegiiic Locality County| State| Country| Date Collected

415] MF# 5901 | GLL #422 Emydinae {rachemys scripta elegans | M Deanville (mom's lake) TX USA 05/12/02
416] MF# 5902 | GLL #423 Emydinae Trachemys scripta elegans F Deanville (mom's lake) TX USA 05/12/02
417] MF# 5903 | GLL #424 Emydinae Trachemys scripta | elegans M Deanville (mom's lake) X USA 05/12/02
418] MF#5904 | GLL #425 Emydinae Trachemys scripta elegans M Deanville {(mom's lake) X SA 05/12/02
[419] MF# 5905 | GLL #426 Emydinae Trachemys scripta elegans M Deanwville {(mom's lake) TX SA 05/12/02
420] MF# 5906 | GLL #427 Emydinae Trachemys scripta elegans U Deanville (mom's lake) X SA 05/12/02
421] MF#5907 | GLL #428 Emydinae Trachemys scripta elegans | M Deanwville (mom'’s lake) TX SA 05/12/02
422] MF#5908 | GLL #429 Emydinae Trachem, scripta elegans | U Deanville (mom's lake) X SA 05/12/02
423] MF# 5909 | GLL #430 Emydinae Trachemys scripta elegans | M Deanville (mom's lake) X SA 05/12/02
4241 MF#5910 | GLL #431 Emydinae Trachemys scripta elegans | M Deanville (mom's lake) X | USA 05/12/02
425 ME#5911 | GLL #432 Emydinae Trachemys scripta elegans F Deanville {mom's lake) X USA 05/12/02
426] MF#5912 | GLL #433 Emydinae Trachemys scripta elegans | M Deanville (mom's lake) X USA 05/12/02
427] MF#7378 | GL#434 Emydinae Trachemys scripta elegans | F Griffith League Ranch TX | USA 06/12/02
428] MF# 5872 | GLL #393 Emydinae Trachemys scripta elegans | M Oasis Ranch, West Texas X USA 04/12/02
429] MF#5873 | GLL #394 Emydinae Trachemys scripta elegans | M Oasis Ranch, West Texas > USA 04/12/02
430] MF#5880 | GLL #401 Emydinae Trachemys scripta elegans F Oasis Ranch, West Texas > USA 04/13/02
431] MF# 5874 [ GLL #395 | Tnionychidae | Trionyx (Apalone) spinifera M Qasis Ranch, West Texas TX | USA 04/13/02
432]

433

434

435)
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| MF # Additional Data PlastronLength/SVL | PlastronWidth/TL | CarapaceLength | CarapaceWidth| Wgt | W/C/WCCR | % parasitemid parasite mmts_(microns) PCR test
415] MF# 5901 TSE12 80m 475m 80in 625n 28ibs w 0 n/a neg
416] MF# 5902 TSE13 8251 55mn 85in 65in 301bs w 06 12x4
417] MF# 5903 TSE14 625in 425m 675 525n 151bs w 018 12x4
418 MF# 5904 TSE15 65in 425n 72510 525 15Ibs w 046 16 x5
[419] MF# 5905 TSE16 625mn 45m 65n 55mn 151Ibs w 005 8x4
420] MF# 5906 TSE17 55mn 525m 60 50m 101b w 0 n/a neg
4 MF# 5907 TSE18 70mn 475m 75in 6751n 2010 w 01 6-12x 4
4 MF# 5908 TSE19 45m 35in 50in 40 051b W 0 n/a
4 MF# 5909 TSE20 50mn 375m 65in 45 051b w 0 nfa
424] MF# 5910 TSE21 625 425 625in 5251n 10b w 0 nfa
425] MF# 5911 TSE22 75m 50in 80 60 251b w 0 n/a
426] MF# 5912 TSE23 675m 45m 75in 550 20Ib w 089 16x5
427} MF#7378 197 mm 130 mm n/a na n/a w 008 8x4
428] MF# 5872 TSE1 (dniied #1 according to IUCN field form) 150 mm 100 mm 172 mm 125 mm 660 g w 0 n/a neg
420] MF# 5873 TSE2 (drilled #2 according to IUCN field form) 180 mm 110 mm 240 mm 170 mm 1040 g w 0 n/a
430] MF# 5880 notched TSE3 120 mm 100 mm 130 mm 120 mm 8g?? w 0 n/a neg
431] MF# 5874 130 mm 141 mm 186 mm 142 mm 760 g w 0 n/a neg
432
433
434)

435]
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APPENDIX B
CHEMICALS

Blood Storage Buffer

=250ml volume

3.03g TRIS

9.31 gEDTA Na,

2.5 g SDS

fill to 250 ml volume with ddH,0

Buffer A (for PCR)
=250 ml volume
9.0825 g TRIS

0.508 g MgClz 6H20

2.477g (NH4)2S0,4
pH adjusted to 8.5
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APPENDIX C

ALIGNMENT OF 18S SEQUENCES
FOR APICOMPLEXANS
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AF173605-Alligator, mississi...

Appendix C

M59392-Heterodon.platyrhinosNNCCTNGTTGATCCTGCCAGNAG:CANNN

M59400-Sceloporus.undulatus

M59398-Trachemys.scripta

Ul6369-Babesia.odocoile

U16370-Babesia.di

vergens

AF060976-Caryospora.bigen...

AF060975-Caryospora.bigen...

AY078092-Colpodella.pontica

AY142075-Colpodella.sp.

AF112573-Cryptos
AF112575-Crypto.
AF112574-Crypto.
AF112576-Crypto.
AF1 64102-Crypto.
AF112571-Crypto.
AF115377-Crypto.
AF112570-Crypto.
AF112572-Crypto.
AF161859-Crypto.

AF161858-Crypto.

poridium ....
felis
meleagridis
parvum
parvum
parvum
parvum
parvum
parvum
parvum

parvum

NI' CCTGGTTGATCCTGCCAGTAG: CATAN
AACCTGGTTGATCCTGCCAGTAGTCATAT
AACCTGGTTGATCCTGCCAGTAGTCATAT

TAGTCATAT

TAGTCATAT
AACCTGGTTGATCCTGCCAGTAGTC: TAT
A;CCTGGTTGATCCTGCCAGTAGTCATAT
AACCTGGTTGATCCTGCCAGTAGTCATAT
AACCTGGTTGATCCTGCCAGTAGTCATAT
AACCTGGTTGATCCTGCCAGTAGTCATAT
AACCTGGTTGATCCTGCCAGTAGTCATAT
AACCTGGTTGATCCTGCCAGTAGTCATAT
AACCTGGTTGATCCTGCCAGTAGTCATAT
AACCTGGTTGATCCTGCCAGTAGTCATAT
AACCTGGTTGATCCTGCCAGTAGTCATAT
AACCTGGTTGATCCTGCCAGTAGTCATAT
AACCTGGTTGATCCTGCCAGTAGTCATAT
AACCTGGTTGATCCTGCCAGTAGTCATAT

Ti ito no

AACCTGGTTGATCCTGCCAGTAGTCATAT-

+ + eeeot++

GCTNGTC
GCNNGTC
GCTTGTC
GCTTGTC
GCTTGTC
GCTTGTC
GCTTGTC
GCTTGTC
GCTTGTC
GCTTGTC
GCTTGTC
GCTTGTC
GCTTGTC
GCTTGTC
GCTTGTC
GCTTGTC
GCTTGTC
GCTTGTC
GCTTGTC
GCTTGTC

0
GCTTGTC

AT :

: TCAAAGAT

: TCAAAGAT

: TCAAAGAT

:TTAAAGAT

:TTAAAGAT

: TCAAAGAT :
: TCAAAGAT :
: TCAAAGAT :
: TAAAAGAT :
: TCAAAGAT :
: TCAAAGAT :
: TCAAAGAT :

: TCAAAGAT

: TCAAAGAT :
: TCAAAGAT :
: TCAAAGAT :
: TCAAAGAT :
: TCAAAGAT :

i TCAAAGAT :
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TCAAAGAT

TAA:
T TAA
T TAA
:TAA
TAA

cTAA
: TCAAAGAT :

TAA : GCCAT
GCCAT
GCCAT
GCCAT
:GCCAT
GCCAT
TAA : GCCAT
GCCAT
GCCAT
GCCAT
GCCAT
GCCAT
GCCAT
GCCAT
GCCAT
GCCAT
GCCAT
GCCAT
GCCAT
GCCAT

GCCAT

TAA :
TAA :
TAA :
TAA :
TAA :
TAA :

TAA :
TAA
TAA :
TAA :
TAA :
TAA :
TAA :
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:TAA:GCCAT

:GCATGTCTAAG
:GCATGTCTAAG
:GCATGTCTAAG
:GCATGTCTAAG
:GCATGTCTAAG
:GCATGTCTAAG
:GCATGTCTAAG
iGCATGTCTAAG
:GCATGTCTCTG
:GCATGTCTCAG
iGCATGTCTAAG
iGCATGTCTAAG
iGCATGTCTAAG
i GCATGTCTAAG
iGCATGTCTAAG
iGCATGTCTAAG
i GCATGTCTAAG
iGCATGTCTAAG
iGCATGTCTAAG
iGCATGTCTAAG
iGCATGTCTAAG
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q@ AF173605-Alligator.mississi... ¢ : T..CAC: #CGGCCGGT: 2Ch: 231G TG 2 ACTGCGH/ TGGCTCA AGTTRTGGTTCCTTT
4@ M59392-Heterodon.platyrhinos: : T C5C: ~CGGGC:GTG:Ch:::::G: TG ACTGCGAATGGC TGG: - CT
;@ M59400-Sceloporus.undulatus ¢ : T C-C: 2CGGGCGTT - 31332 :G: TG CTGCG2ATGGCT . TGGT ' CT
4@ M59398-Trachemys.scripta ::T-CaC:aCGGCCGGT: ACAz:::::G: TG~ CTGCGAATGGC ATGGT. =CTT
q@ U16369-Babesia.odocoilei : et ACTTTT: T CGererr :GeTGH - CTGCG: ~TGGCTC AGTTTCTTT
q@ U16370-Babesia.divergens HH S ACTTTs s TTCGr G TG CTGCG ...TGGCTC: STAGTTTCTTT
q@ AF060976-Caryospora.bigen... @ 4t GCTTTT:: ATACGe 22 :GC:GALLCTGCG: - TGGCTC ~TaGTTTATTT
q@ AF060975-Caryospora.bigen... ¢ : PR sGCTTTT: ~AT2CGe 2212 :GC: G2 RCTGCG~TGGCTCAT “THRGTTTATTT
q@ AY078092-Colpodella.pontica TTT = :CT:CTTT: . CGrz::: G::GrirCTGCG A TGGCTCHTY ST=GTTTTTT
q@ AY142075-Coipodella.sp. et CaTTThAACherr22 G TGRALCTGCGHATGGCTC A AT GTTT-TTT
q@ AF112573-Cryptosporidium.... : Trms s CTTTT: ~T CGerssss G TT 0 ACTGCG~~TGGCTCATT 2TAGTTTACTT
q@ AF112575-Crypto.felis AT AR CTTTT e CGrsir: G:TT CTGC.m = s TGGCTC TAGTTTACTT
q@ AF112574-Crypto.meleagridis : : T- T2 2 s CTTTT:4T2CGr 223 G:TTALACTGCG! ~TGGCTCA ATLGTTTACTT
4E) AF112576-Crypto.parvum ATS L sGCTTTT: T -CGsiri: G:TTAW CTGCG TGGCTC:T CTAGTTTACTT
4E) AF164102-Crypto.parvum T T - s CTTTT:2T4CGsrzs: G:TTAACTGCG  TGGCTC.. T.GTTT:CTT
q@ AF112571-Crypto.parvum Ton s CTTTT: ATACG:2 22 G TTEARCTGCGASTGGCTC. ~TAGTTTACTT
{@ AF115377-Crypto.parvum TaA s CTTTT s CGr::z: G:TT/ uiCTGCGHATGGCTCAT TLGTTTCTT
4E) AF112570-Crypto.parvum $: T TAAA:CTTTT: “T CGssz:23 - G:TT .o CTGCG  ~TGGCTC TTA STAGTTTACTT
{@ AF112572-Crypto.parvum s ToTaiasCTTTT i AT ACGer e 1 G TTHAACTGCGAATGGCTC A ATAGTTTACTT
q@ AF161859-Crypto.parvum tTATHAAtCTTTT e AT-CGer et s G TTANICTGCG WTGGCTCATT™ ATEGTTTACTT
q@ AF161858-Crypto.parvum s TaT s CTTTT:: ATACGe s 18t G TTAARCTGCG - TGGCTC STRGTTTACTT
180 190 1100 1110 1130
GCTTTT: ATHCG: @ 11 0 G TGAAACTGCGH A TGGCTCATT et STAGTTTATTT
cseesssssssnsesssssssssses oo se 44+ cetoevens

161



Appendix C (cont.)

AF173605-Alligator.mississi... | : TACAC: ACGGCCGGT:ACA: : :: :G: TGAAACTGCGAATGGCTCATTAAATCAGTTATGGTTCCTTT
M59392-Heterodon.platyrhinos : : TACAC: ACGGGC:GTGACA: : : 7 : Gi TGAAACTGCGAATGGCNNNNTAAATCAGTTATGGNNNCTNN
M59400-Sceloporus.undulatus : : TACAC:ACGGGCGTTANA: :::: :G: TGAAACTGCGAATGGCTNNNTAAATCAGTTATGGTNNCTNN
M59398-Trachemys.scripta : :TACAC:ACGGCCGGT:ACA: : :: :G: TGAAACTGCGAATGGCNNKTTAAATCAGTTATGGTNNCTTN
U16369-Babesia.odocoilei ::TACAA:ACTTTT: :TACG: : ::: G:TGAAACTGCGAATGGCTCATTACAACAGTTATAGTTTCTTT
U16370-Babesia.divergens ::TACAAACTTT: :TTACG: : ::::G: TGAAACTGCGAATGGCTCATTACAACAGTTATAGTTTCTTT
AF060976-Caryospora.bigen... : : TATAA:GCTTTT:ATACG: : ::: :GC:GAAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT
AF060975-Caryospora.bigen... : :TATAA:GCTTTT:ATACG: :::::GC:GAAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT
AY078092-Colpodella.pontica TTTAA:CT:CTTT: : AAACG: : :: :AG: : GAAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT
AY142075-Colpodella.sp. TGTAAA: : :CATTTAAACA: : :::: :G: TGAAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT
AF112573-Cryptosporidium.... : : TATAAA:CTTTT:ATACG: :::: G:TTAAACTGCGAATGGCTCATTATAACAGTTATAGTTTACTT
AF112575-Crypto.felis :TATAAA:CTTTT:ATACG: :::: G:TTAAACTGCAAATGGCTCATTATAACAGTTATAGTTTACTT
AF112574-Crypto.meleagridis : : TATAAA:CTTTT:ATACG: :::: G:TTAAACTGCGAATGGCTCATTATAACAGTTATAGTTTACTT
AF112576-Crypto.parvum ::TATAA:GCTTTT:ATACG: :::: G:TTAAACTGCGAATGGCTCATTATAACAGTTATAGTTTACTT
AF164102-Crypto.parvum TATAAA:CTTTT:ATACG: :::: G:TTAAACTGCGAATGGCTCATTATAACAGTTATAGTTTACTT
AF112571 -Crypto.parvum TATAAA:CTTTT:ATACG: :::: G:TTAAACTGCGAATGGCTCATTATAACAGTTATAGTTTACTT
AF115377-Crypto.parvum : :TATAAA:CTTTT:ATACG: :::: G:TTAAACTGCGAATGGCTCATTATAACAGTTATAGTTTACTT
AF112570-Crypto.parvum cTATAAA:CTTTT:ATACG: : ::: G:TTAAACTGCGAATGGCTCATTATAACAGTTATAGTTTACTT
AF112572-Crypto.parvum I TATAAA:CTTTT:ATACG: : ::: G:TTAAACTGCGAATGGCTCATTATAACAGTTATAGTTTACTT
AF161859-Crypto.parvum I TATAAA:CTTTT:ATACG: :::: G:TTAAACTGCGAATGGCTCATTATAACAGTTATAGTTTACTT
AF161858-Crypto.parvum (I TATAAA:CTTTT:ATACG: :::: G:TTAAACTGCGAATGGCTCATTATAACAGTTATAGTTTACTT

TTo T8o 190 i160 ITTH m o ITTH

;- . TATAA: GCTTTT: ATACG: :::::G: TGAAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT:

LX) [ X) ++++ e o oot oeocoeoe



Appendix C (cont.)

AF173605-Alligator.mississi... GGTCGCTCCAACCGT : :::::::::: :T:ACTTGGATAACTGTGGTAATTCTA: AGCTAATACATGCCG
M59392-Heterodon.platyrhinosNGTCGCTCCCACCGT: :::::::::: :T:ACTCGGATAACTGTGGNNNNTCTAGAGCTAATACATGCCG
M59400-Sceloporus.undulatus NGTCGCTCCCCCNNT : :::::::::: ST:CCTTGGATAACTGTGGTNNNTCTAGAGCTAATACATGCCA
M59398-Trachemys.scripta NGTCGCTCC '"IACCCT: :::::::::: :T:ACTTGGATAACTGTGGTNNNTCTNGAGCTNATNCATGCCG
U16369-Babesia.0d0COilei GGT:ATTCGTTTT ::::::::::::: C:::CATGGATAACCGTGCTAATTGTAGGGCTAATACAA :TTC
Ul6370-Babesia.divergens GGT :ATTCGTTTT ::::::::::::: C:::CATGGATAACCGTGCTAATTGTAGGGCTAATACAAGTTC
AF060976-Caryospora.bigen... GAT :GGTCTCTTT ::::::::::::: T:ACATGGATAACCATGGTAATTCTATGGCTAATACATGCGC
AF060975-Caryospora.bigen... GAT :GGTCTCTTT : :::::::::::: :T:ACATGGATAACCATGGTAATTCTATGGCTAATACATGCGC
AY078092-Colpodella.pontica GATGGTCACTT :::::::::::::: ACTACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCGT
AY142075-Colpodella.sp. GAT AATCATTT: :::::::::::: :T:TACATGGATAACCGTGGGAATTCTAGGGCTAATACATGCGT
AF112573-Cryptosporidium.... GAT AATCTTTTT: :::::::::: ACT:ACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCGA
AF112575-Crypto.felis GAT AATCTTTTT::::::::::: :ACT:ACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCGG
AF112574-Crypto.meleagridis GAT AATCTTT: :::::::::::: ACTTACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCGA
AF112576-Crypto.parvum GAT AATCTTT::::::::::::: :ACTTACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCGA
AF164102-Crypto.parvum GAT AATCTTT: :::::::::::: :ACTTACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCGA
AF112571-Crypto.parvum GAT AATCTTT: :::::::::::: :ACTTACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCGA
AF115377-Crypto.parvum GAT AATCTTT: :::::::::::: :ACTTACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCGA
AF112570-Crypto.parvum GAT AATCTTT: :::::::::::: :ACTTACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCAA
AF112572-Crypto.parvum GAT AATCTTT: :::::::::::: :ACTTACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCGA
AF161859-Crypto.parvum GAT AATCTTT: :::::::::::: ACTTACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCGA
AF161858-Crypto.parvum GAT AATCTTT: :::::::::::: :ACTTACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCGA
1140 riso i160 ITTO 1T8O HTO 1200

GAT:GGTCTTTTTSTAKGAWAGYYTACT: ACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCGC-



AF173605-Alligator.mississi...

ACGAGCGCTGACCTCC

M59392-Heterodon.platyrhinosACGAGCGCTGACCTCC

M59400-Sceloporus.undulatus
M59398-Trachemys.scripta
Ul6369-Babesia.odocoilei
Ul6370-Babesia.divergens
AF060976-Caryospora.bigen...
AF060975-Caryospora.bigen...
AYO078092-Colpodella.pontica
AY142075-Colpodella.sp.
AF112573-Cryptosporidium....
AF112575-Crypto.felis
AF112574-Crypto.meleagridis
AF112576-Crypto.parvum
AF164102-Crypto.parvum
AF112571 -Crypto, parvum
AF115377-Crypto.parvum
AF112570-Crypto.parvum
AF112572-Crypto.parvum
AF161859-Crypto.parvum

AF161858-Crypto.parvum

ACGAGCGCTGACCTCC:
ACGAGCGCTGACCTCC:
GAGGCCTTTTT::::::

GAGGCCTTTT: ::::::

AATC:GCCTCCTTCTTT
AATC:GCCTCCTTCTTT
AAAATCCCGACTTTTC:
AACCTCTC: : it

AAAGGCCTGACTTTAT:
AAAGACCCTACTTTAT:
AAAAACCTGACTTAAT

AAAAACCTGACT:TTTT
AAAAACTCGACTTTAT:
AAAAACTCGACTTTAT:
AAAAACCTAACTTTAT:
AAAGACCTGACTTTTT :
AAAGGCCTGACTTAAT:
AAAAACTCGACTTTAT :
AAAAACTCGACTTTAT:

HTO 1220
AAAAACCCTACTTTTT:

Appendix C (cont.)

:GGGGATGCGTGCATTTATCAG: : ACC:AAAACCAACCC: 1 ::::::

:GGGGATGCGTGCATTTATCAG: : ACC: AAAACCAAC: 1ttt

:GGGGATGCGTGCATTTATCAG:: ACC: AAAACCAAC: 1ttt

:GGGNATGCGTGCATTTATCAG: : ACC: AAAACCAAC: : t vt

::GGCGGCG: : : : : TTTATTAGT: T:CTAAA:CCA:TCC::GTTT::
. GGCGGCG:: : : : TTTATTAGT: T:CTAAAACCATCCC: : TTT:::
:: GGAGGGGCTGTGTTTATTAGA: TAC: AAAACCAACCCACATT: ::
:: GGAGGGGCTGTGTTTATTAGA:TAC: AAAACCAACCCACTTT: ::
:: GGAAGGGATGTGTTTGTTAGATTTGATGCCAAC: :CC:TCGCAAG
1 GGGGTGT:G: : TTTATTAGATTAAAAGCTAACA: CCATAGCAAT
. :GGAAAGGTTGTATTTATTAGA: TAA: AGAACC:AATA: 11t

. GGAAAGGTCGTATTTATTAGA: TAA: AGAACC:AATATTT: ::::

1 GGAAAGGTTGTATTTATTAGA: TAA: AGAACC:AATA:: it

: :GGAAAGGTTGTATTTATTAGA: TAAA:GAACC:AATA: 1t
- :GGAAGGGTTGTATTTATTAGA:TAA:AGAACC: AATA:

:: GGAAGGGTTGTATTTATTAGA: TAA:AGAACC:AATA:; 11
: :GGAAAGGTTGTATTTATTAGA: TAA: AGAACC :AATA: ; 11
: :GGAAAGGTTGTATTTATTAGA: TAA:AGAACC:AATA:

- :GGAAAGGTTGTATTTATTAGA:TAA:AGAACC: AATA:
1 GGAAGGGTTGTATTTATTAGA: TAAA:GAACC:AATA: 1 1
1 :GGAAGGGTTGTATTTATTAGA: TAAA:GAACC:AATA:

HTO 1240 1250 1260 IT70
:: GGAAGGGTTGTRTTTATTAGA: TAC: AGAACCAAACCACCTTTTT



Appendix C (cont.)

AF173605-Alligator.mississi... :7::::::::GGGCTCGCCCGGCCGCTTTGGTGACTCTAGATAACCTCGGGCCGA: TCGCACGCCCCCG
M59392-Heterodon.platyrhinos : :T:::::7 :GGGCTNNCCCGGCCGCTNTGGTGACTCTAGATAACCTCGGGCCGAI TCGCAGCCCCCCG
M59400-Sceloporus.undulatus ::::::::: TGGGCTCGCCCNNCCGCTNTGGTNACTCTAGATAACCTCGGGCCGA:TCGCAGCCNCNCG
M59398-Trachemys. scripta :GGGCTCGCCCGGCCGCT iTGGTGACTCTAGATAACCTCGGGC GATTCGCAGCCCCCCG
U16369-Babesia.odocoilei Trrrir i i TGGTTTTC: GGTGATTCATAATAAACTCG: : CGAA: TCGCAATTT: AT
U16370-Babesia.divergens s s T T TGGTTTTC: GGTGATTCATAATAAACTTG: : CGAATTCGCAATTT:T: T
AF060976-Caryospora.bigen... ::7 i ::::::::::::GTGGAGTCGTGGTGATTCATAGTAA: C:CAAACGGA: TCGCAATTTGGCT
AF060975-Caryospora.bigen... ::: i ::::7::::::TGTGGAGTCGTGGTGATTCATAGTAA:C:CAAACGGA: TCGCAATTTGGCT
AY078092-Colpodella.pontica A :: ::::::::::::::::GGTTT:GCTGGTGATTCATAACAACC: :GA:TCGAATCGCA:T: :GGCG
AY142075-Colpodella.sp. As : 7100000 TGGTATCGTTGG: : AATAATAATAACC: sGAs TCGAASTCGCAATTGCG:
AF112573-Cryptosporidium.... 1 :: s::::1:1:08:;::::: 1 TTTATTTGGTGATTCATAATAA:CTTTA:CGGA: TCAC :::AATT:
AF112575-Crypto.felis Sttt i TTTTTTGGTGACTCATAATAACTTTA:CGGA: TCACAAT: AATTT
AF112574-Crypto.meleagridis s: :ssss:ss:::5s:: ss:s: :TAATTGGTGACTCATAATAA:CTTTA:CGGA:TCAC :::AATTT

AF112576-Crypto.parvum St nsrrrriirriiirnisisITTTTTGGTGATTCATAATAA:CTTTAC:GGA: TCACATTTT:A::

AF164102-Crypto.parvum Trrrrrrrrrrrrrrr i TAATTGGTGACTCATAATAA:CTTTASCGGA: TCACATTSAAA:
AF112571-Crypto.parvum Trrstristiriiiir st iTAATTGGTGACTCATAATAACTTTASCGGA: TCACATT: AAA: ¢
AF115377-Crypto.parvum strrrrrrrrrrrrrrrrrrrn S TAATTTGGTGATTCATAATAA:CTTTA:CGGA: TCACATTTTTAA:
AF112570-Crypto.parvum Sttt TTTTTGGTGACTCATAATAA:CTTTASCGGASTCACA: :TAAATA
AF112572-Crypto.parvum oosiistiiriririi ' TAATTGGTGACTCATAATAA:CTTTAC GGASTCACA: TTAAAT:

AF161859-Crypto.parvum oS 1s::ss: i s: TAATTGGTGACTCATAATAA:CTTTACG:GA: TCACA:TTAAA: :

AF161858-Crypto.parvum Trrrrrrrrrrrrr ittt i TAATTGGTGACTCATAATAACTTTACG:GA: TCACA: TTAAA:

1280 1290 13110 1310 1320 ITTO 1340

ACAHWGATSWGGGCTCGCGGTGGATWTTTGGTGATTCATAATAA: CTCGAACGGAs TCGCATTTTGGCT



Appendix C (cont.)

AF173605-Alligator.mississi... TGGCGGCGACG :ACG: CATTCGAATG: : TCTGCCCTATCAACTTTCGATGG
M59392-Heterodon.platyrhinosTGGCGGCGACG ACG: CATTCGAACG: : TCTGCCCTATCAACTTTCGATGG
M59400-Sceloporus.undulatus TGGCGGCGACG ACG:CATTCGAATG: : TCTNCCCTATCAACTTTCGATGG
M59398-Trachemys. scripta TGGCGGCGACG ATG: CATTCGAATG: : TCTNCCCTATCAACTTTCGATGG
U16369-Babesia.odocoilei TGCG:A:TG:G AC::::CATTC :AAG TTTCTGACCCATCAGCTT: GACGG
Ul16370-Babesia.divergens TGCG:A: TG :G AC::::CATTC :AAG TTTCTGACCCATCAGCTT: : GACGG
AF060976-Caryospora.bigen... T: CGGCCGGCG ATATATCATTC : AAG TTTCTGACCTATCAGCTTTCGACGG
AF060975-Caryospora.bigen... T: CGGCCGGCG ATATATCATTC : AAG TTTCTGACCTATCAGCTTTCGACGG
AY078092-Colpodella.pontica TTTG : CCGGCG ATAAATCATTC : AAG TTTCTGACCTATCAGCTTCCGACGG
AY142075-Colpodella.sp. o ATAAATCATTC : AAG TTTCTGACCTATCAGGTTTAGTTGG
AF112573-Cryptosporidium.... AT: :T: : TGTG ACATATCATTC : AAG TTTCTGACCTATCAGCTTTAGACGG
AF112575-Crypto.felis ATTT . : : TGTG ACATATCATTC : AAG TTTCTGACCTATCAGCTTTAGACGG
AF112574-Crypto.meleagridis A: : ::::TGTG ACATATCATTC : AAG TTTCTGACCTATCAGCTTTAGACGG
AF112576-Crypto.parvum i TGTG ACATATCATTC : AAG TTTCTGACCTATCAGCTTTAGACGG
AF164102-Crypto.parvum Trrii D TGTG ACATATCATTC : AAG TTTCTGACCTATCAGCTTTAGACGG
AF112571 -Crypto.parvum i (T TGTG ACATATCATTC : AAG TTTCTGACCTATCAGCTTTAGACGG
AF115377-Crypto.parvum i (TGTG ACATATCATTC : AAG TTTCTGACCTATCAGCTTTAGACGG
AF112570-Crypto.parvum A TGTG ACATATCATTC : AAG TTTCTGACCTATCAGCTTTAGACGG
AF112572-Crypto.parvum i TGTG ACATATCATTC : AAG TTTCTGACCTATCAGCTTTAGACGG
AF161859-Crypto.parvum i D TGTG ACATATCATTC : AAG TTTCTGACCTATCAGCTTTAGACGG
AF161858-Crypto.parvum N K CR N €] ACATATCATTC : AAG TTTCTGACCTATCAGCTTTAGACGG
1350 1380 1390 1400 1410

T:CGG:CTGCGCMRC: : TT GGCTGGCGATATATCATTC:

AAG

:TTTCTGACCTATCAGCTTTCGACGG

Os



g AF173605-Alligator.mississi... TACTTTCTGTG
D M59392-Heterodon.platyrhinosTACTTTCTGTG

D M59400-Sceloporus.undulatus TACTTTCTGCG

D M59398-Trachemys.scripta TACTTCCTGTG
<) Ul16369-Babesia.odocoilei TAGGGTATTGG
D Ul6370-Babesia.divergens TAGGGTATTGG

D AF060976-Caryospora.bigen... TAGGGTATTGG
D AF060975-Caryospora.bigen... TAGGGTATTGG
D AY078092-Colpodella.pontica TAGGGTATTGG
8§ AY142075-Colpodella.sp. TAGGGTATTGG
<) AF112573-Cryptosporidium.... TAGGGTATTGG
D AF112575-Crypto.felis TAGGGTATTGG

D AF112574-Crypto.meleagridis TAGGGTATTGG

AF112576-Crypto.parvum TAGGGTATTGG::
AF164102-Crypto.parvum TAGGGTATTGG::
AF112571 -Crypto.parvum TAGGGTATTGG::
AF115377-Crypto.parvum TAGGGTATTGG::
AF112570-Crypto.parvum TAGGGTATTGG::
AF112572-Crypto.parvum TAGGGTATTGG::
AF161859-Crypto.parvum TAGGGTATTGG::
AF161858-Crypto.parvum TAGGGTATTGG::
1420
TAGGGTATTGG::

Appendix C (cont.)

CCTACCATGGTG: :: 1111 :ACC:: ACGGGTAACGGGGAATCAGGG
CCTACCATGGTG: : i ACC:: ACGGGTAACGGGGAATCAGGG
CCTACCATGGTG:: : i1 :::ACC::NCGGGTANNGGGGAATCAGGG
CCTACCATGGTG:: : : 111 :::ACC:: ACGGGTAACGGGGAATCAGGG
CCTACC: :GAGG: ittt :CAGCAACGGGTAACGGGGAATTAGGG
CCTACC::GAGG: : 111111111 : CAGCAACGGGTAACGGGGAATTAGGG
CCTACC: :GTGG: :: it :CAGTGACGGGTAACGGGGAATTAGGG
CCTACC: :GTGG: :: 111111 :CAGTGACGGGTAACGGGGAATTAGGG
CCTACC: :GTGG: 1ttt :CAATGACGGGTAACGGGGAATTAGGG
CCTACCAAG::C::t:r:rrrrriiiiii 1 CATTGACGGGTAACGGGGAATTAGGG
CCTACC: :GTGG: : : it CAATGACGGGTAACGGGGAATTAGGG
CCTACC: :GTGG: :: it CTATGACGGGTAACGGGGAATTAGGG
CCTACC: :GTGG: :: 1 :CAATGACGGGTAACGGGGAATTAGGG
CCTACC: :GTGG: 1ttt :CAATGACGGGTAACGGGGAATTAGGG
CCTACC: :GTGG: :: i1 :CAATGACGGGTAACGGGGAATTAGGG
CCTACC: :GTGG: 111111 :CAATGACGGGTAACGGGGAATTAGGG
CCTACC::GTGG: :: 1011 CAATGACGGGTAACGGGGAATTAGGG
CCTACC: :GTGG: : i :CAATGACGGGTAACGGGGAATTAGGG
CCTACC: :GTGG: :: 111111 :CAATGACGGGTAACGGGGAATTAGGG
CCTACC: :GTGG: :: i :CAATGACGGGTAACGGGGAATTAGGG
CCTACC: :GTGG: : 1ttt :CAATGACGGGTAACGGGGAATTAGGG

00 1440 450 1460 1470 1780
:CCTACC: : GTGGCATTGTCCTATTCGTGGCAGTGACGGGTAACGGGGAATTAGGG



Appendix C (cont.)

AF173605-Alljgator.mississi... TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCA: 111111 1GGCG
M59392-Heterodon.platyrhinosTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCCAAGGANGGCAGCA: :::::::: :GGCG
M59400-Sceloporus.undulatus TTCGATTNNGGNGAGGGAGCCTGAGAANCGGCTNCCACATCCAAGGNNGGCAGCA: :GGCG
M59398-Trachemys.scripta TTCGATTN GG GAGGGAMCCTGAGAA: CGGCT CCACATCCAAGGA GGCAGCA::::::::: NG G
Ul6369-Babesia.odocoilei TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCA: 1111 1 GGCG
Ul6370-Babesia.divergens TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCA: : 1111 1GGCG
AF060976-Caryospora.bigen... TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA: 11 :GGCG
AF060975-Caryospora.bigen... TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA ;11 1GGCG
AYO078092-Colpodella.pontica TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA : 11111 1GGCG
AY142075-Colpodella.sp. TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA : 111111 1GGCG
AF112573-CryptOSporidium.... TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA : 111 1GGCG
AF112575-Crypto.felis TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA: :GGCG
AF112574-Crypto.meleagridis TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA: 111 :GGCG
AF112576-Crypto.parvum TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA : 1111 1GGCG
AF164102-Crypto.parvum TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA: t: 1111 1 GGCG
AF112571-Crypto.parvum TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA: 11111 1GGCG
AF115377-Crypto.parvum TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA - i1t 1GGCG
AF112570-Crypto.parvum TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA: 11111 1GGCG
AF112572-Crypto.parvum TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA ; it 1GGCG
AF161859-Crypto.parvum TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA: :GGCG
AF161858-Crypto.parvum TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA: 111 1GGCG

i490 15170 n f10 520 530 HTTO 515

TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCATATAGCAGCAGGCG

- e ceece e -+ - - - - ceeoe oo 4 coceoe - - +eoe
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AF173605-Alligator.mississi...

Appendix C (cont.)

CGCAAATTACCCACTCCCGACCC :

M59392-Heterodon.platyrhinosCGNNNATTACCCACTCCCGACNC :

M59400-Sceloporus.undulatus
M59398-Trachemys.scripta
Ul6369-Babesia.odocoile
Ul6370-Babesia.divergens
AF060976-Caryospora.bigen..
AF060975-Caryospora.bigen...
AY078092-Colpodella.pontica
AY142075-Colpodella.sp.
AF112573-Cryptosporidium ...
AF112575-Crypto.felis
AF112574-Crypto.meleagridis
AF112576-CryptO.parvum
AF164102-Crypto.parvum
AF112571 -Crypto, parvum
AF115377-Crypto.parvum
AF112570-Crypto.parvum
AF112572-Crypto.parvum
AF161859-Crypto.parvum

AF161858-Crypto.parvum

CNNNNATTACCNACTCCCGACNN :
CGNNNATTACCCACTCCCGACNN :
CGCAAATTACCCAATCCTGACACA
CGCAAATTACCCAATCCTGACACA

CGCAAATTACCCAATGAAAACAGTTTC :
CGCAAATTACCCAATGAAAACAGTTTC :

CGCAAATTACCCAATCCTGACACA:
CGCAAATTACCCAATCCTGACACA:
CGCAAATTACCCAATCCTAATACA:
CGCAAATTACCCAATCCTAATACA :
CGCAAATTACCCAATCCTAATACA:
CGCAAATTACCCAATCCTAATACA :
CGCAAATTACCCAATCCTAATACA:
CGCAAATTACCCAATCCTAATACA:
CGCAAATTACCCAATCCTAATACA:
CGCAAATTACCCAATCCTAATACA:
CGCAAATTACCCAATCCTAATACA:
CGCAAATTACCCAATCCTAATACA:
CGCAAATTACCCAATCCTAATACA:

0 1560 i570

CGCAAATTACCCAATCCTGACACA: :

XX 'Y +

GGGGAGGTAGTGACGAAAAA
GGGGANNTAGTNACNAAAAA
GGGGAGNTAGTGANNAAAAA
GGGGAGNTAGTGANNAAAAA
: GGGAGGTAGTGACAAGAAA
: GGGAGGTAGTGACAAGAAA
. :GAGGTAGTGACGAGAAA
. :GAGGTAGTGACGAGAAA
: GGGAGGTAGTGACAAGAAA
: GGGAGGTAGTGACAAGAAA
:GGGAGGTAGTGACAAGAAA
: GGGAGGTAGTGACAAGAAA
: GGGAGGTAGTGACAAGAAA
: GGGAGGTAGTGACAAGAAA
: GGGAGGTAGTGACAAGAAA
:GGGAGGTAGTGACAAGAAA
: GGGAGGTAGTGACAAGAAA
: GGGAGGTAGTGACAAGAAA
: GGGAGGTAGTGACAAGAAA
: GGGAGGTAGTGACAAGAAA
: GGGAGGTAGTGACAAGAAA

TAACAATACA:
TAACAATACA:
TAACAATACA:
TAACAATACA:

GGACTCTTTC
GGACTCTTTC
GGACTCTTTC
GGACTCTTTC

TAACAATACAGGGCA: :AT: T

TAACAATACAGGGCA: :AT: T
TAACAATACAGGGCATTTAAT
TAACAATACAGGGCATTTAAT
TAACAACACAGGGCCTAGT: :

TAGTCAAGTCG
TAACAATACA:
TAACAATACA:
TAACAATACA:
TAACAATACA:
TAACAATACA:
TAACAATACA:
TAACAATACA:
TAACAATACA:
TAACAATACA:
TAACAATACA:
TAACAATACA:

i580159016001

,GGGAGGTAGTGACAAGAAA: TAACAATACA:

GGATTAATTC
GGACCTT:AC
GGAC:TTTAC
GGACTTTTT:
GGACTTTAAC
GGACTTTTT:
GGACTTTTT:
GGACTTTTTT
GGACTTTTT:
GGACTTTTT:
GGACTTTTT:
GGACTTTTT:

61016

GGACTTTTT:



AF173605-Alligator.mississi...

Appendix C (cont.)

AAGGCCC TIiGTAATTGG:AATGAG: T :::::

M59392-Heterodon.platyrhinosGAGGCCC T :NNNATTGG: AATGAG

M59400-Sceloporus.undulatus
M59398-Trachemys.scripta
1116369-Babesia.odocoile
Ul6370-Babesia.divergens
AF060976-Caryospora.bigen...
AF060975-Caryospora.bigen...
AYO078092-Colpodella.pontica
AY142075-Colpodella.sp.
AF112573-Cryptosporidium....
AF112575-Crypto.felis
AF112574-Crypto.meleagridis
AF112576-Crypto.parvum
AF1 64102-Crypto.parvum
AF112571-Crypto.parvum
AF115377-Crypto.parvum
AF112570-Crypto.parvum
AF112572-Crypto.parvum
AF161859-Crypto.parvum

AF161858-Crypto.parvum

GAGGCCC T:GTNATTGG: AATGAG
GAGGCCC T:GT ATTGG AATGAG:::::::

'GT:CTT ::GTAATTGG; AATGA: T:GGTG:
:GT:CTT ::GTAATTGG AATGA: :TGGTG
:GCTT : T.GTAATTGG AATGA:T:GG:G
:GCTA: TSsGTAATTGG AATGAT:GG:G
:GTCTT GTG:A:TTGG AATGAGT:G: ::

Ci::: TG:ATATGGCAATGAGTTG: : :

GGTTT T:GTAATTGG: AATGAGTTAA: G
GGTTT T:GTAATTGG: AATGAGTTAA: G
GGTTT T:GTAATTGG: AATGAGTTAA: G
AGTTT T:GTAATTGG: AATGAGTTG: AG
GGTTT T:GTAATTGG i AATGAGTTAA: G
GGTTT T:GTAATTGG: AATGAGTTAA TG
AGTTT T:GTAATTGG: AATGAGTTAA: G
GGTTT T:GTAATTGG 1 AATGAGTTAA: G
GGTTT T:GTAATTGG: AATGAGTTAA: G
GGTTT T:GTAATTGG 1 AATGAGTTAA: G
GGTTT T:GTAATTGG: AATGAGTTAA TG
20 7630 1640 T6511

tGTTC: : :T:GTAATTGG: AATGAGTTAGI G:

TACACTTTAAATCCTTT: AACGAGGATCTA:
TCCACTTTAAATCCTTT: AACGAGGNNCCA:
TACACTTTAAATCCTTT: AACGAGGANCCA:
TACACTTTAAAI CCTTT: AACGAGGANCCA:
::::ACCTAAACCCI TC : ACCAGAGTAACAA
::: :ACCTAAACCCTCACC: TAGAGTAACAA
: i SAATGTAAAACCCTCT: : CAGAGTAACAA
i : SAATGTAAAACCCTCTs : CAGAGTAACAA
i :AATTTTAAAACTCTTCAC 1 : GAGTATCAA
:::ATTTTAGAATACTCTTC: 1GAGAAACCA
111 TATAAACCCCTTTAC: A: AGTATCAA
:::: :TATAAACCCCTTTAC: A:AGTATCAA
11 i TATAAACCCCTTTAC: A: AGTATCAA
i TATAAACCCCTTTACIA:AGTATCAA
::::TATAAACCCCTTTAC: A: AGTATCAA

::TTATAAACCCCTTTAC: A:AGTATCAA
:::: :TATAAACCCCTTTAC: A: AGTATCAA
11 TATAAACCCCTTTAC: A: AGTATCAA
T::TITATAAACCCCTTTAC: A:AGTATCAA
i TATAAACCCCTTTAC: AsAGTATCAA
:::: :TATAAACCCCTTTACTA: AGTATCAA

1660 T670 680 T
T:AAATTTAAACCCCTTTAC : AGAGTATCAA



Appendix C (cont.)

AF173605-Alligator.mississi... TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC :GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGCTG
M59392-Heterodon.platyrhinoSTTGGAGGGCNAGNNNNNNNNNNNNNNNNNNNNNN :NTTNCAGCTCCAATAGCGTATATTAAAGTTGCTG

M59400-Sceloporus.undulatus TTGGAGGGCAAGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

M59398-Trachemys.scripta TTGGAGGGCAAGNNNNNNNNNNNNN:::::::::: :TTCCAGCTCCAATANNGTATATTNAAGTTGCTN
?) 1116369-Babesia.odocoilei TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC GGTAATTCCAGCTCCAATAGCGTATATTAAACTTGTTG
D 1116370-Babesia.divergens TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC:GGTAATTCCAGCTCCAATAGCGTATATTAAACTTGTTG

AF060976-Caryospora.bigen. TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC:GGTAATTCCAGCTCCAATAGCGTATATTAGAGTTGTTG
g AF060975-Caryospora.bigen... TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC :GGTAATTCCAGCTCCAATAGCGTATATTAGAGTTGTTG
D AY078092-Colpodella.pontica TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC :GGTAATTCCAGCTCCAATAGCGTGTATTAAAGTTGTTG
D AY142075-Colpodella.sp. TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC:GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG
AF112573-Cryptosporidium.... TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC :GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG
<) AF112575-Crypto.felis TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG

g AF112574-Crypto.meleagridis TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG

<) AF112576-Crypto.parvum TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG
D AF1641 02-Crypto.parvum TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG
<) AF112571-Crypto.parvum TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG
<) AF115377-Crypto.parvum TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG
D AF112570-Crypto.parvum TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG
D AF112572-Crypto.parvum TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG
D AF1 61859-Crypto.parvum TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG
| AF161858-Crypto.parvum TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG
69T) 1700 1710 i720 1730 1740 T750

TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC:GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG

. + FfH——F—FF—hH—l—Fl—FFhe + + + ¢ + + + + + + + + + + 4+ 4-4-+ + + ¢ + + o + + + + + ¢ + ¢ + o + o + +



Appendix C (cont.)

g AF173605-Alligator.mississi... CAGTTAAAAAGCTCGTAGTTGGAT : :CTTGGGATCGAGCTGGCGG : TCCGCCGC : GAGGC : GAGCTACC

D M59392-Heterodon.platyrhinosCAGTNNAAAAGCTCGTAGNNNGAT : :CTTGGGANCGAGCTGG: :G:TCCGCCGC : GAGGC : GACG AcCC

U M59400-Sceloporus.undulatus NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN:HG: s:

M59398-Trachemys. scripta

Ul6369-Babesia.odocoilei

Ul6370-Babesia.divergens
AF060976-Caryospora.bigen.
AF060975-Caryospora.bigen...

AYO078092-Colpodella.pontica

AY142075-Colpodella.sp.

AF112573-Cryptosporidium....

AF112575-Crypto.

AF112574-Crypto.
AF112576-Crypto.
AF164102-Crypto.
AF112571-Crypto.
AF115377-Crypto.
AF112570-Crypto.
AF112572-Crypto.
AF161859-Crypto.

AF161858-Crypto.

felis

CNGNNNNAAAGCTCGTAGNNNNAT: : CTTGGGATCGAGCNNN

CAGTTAAAAAGCTCGTAGTTGAATTTCT
CAGTTAAAAAGCTCGTAGTTGAATTTTT
C GTTAAAA7TGCTCGTAGTTGGATTTCT
CAGTTAAAAAGCTCGTAGTTGGATTTCT

CAGTTAAAAAGCTCGTAGTTGGATTTCT

CAGTTAAAAAGCTCGTAGTTGAATTTCT

CAGTTAAAAAGCTCGTAGTTGGATTTCT

CAGTTAAAAAGCTCGTAGTTGGATTTCT

meleagridis CAGTTAAAAAGCTCGTAGTTGGATTTCT

parvum
parvum
parvum
parvum
parvum
parvum
parvum

parvum

CAGTTAAAAAGCTCGTAGTTGGATTTCT
CAGTTAAAAAGCTCGTAGTTGGATTTCT
C.GTTAAAAAGCTCGTAGTTGGATTTCT
CAGTTAAAAAGCTCGTAGTTGGATTTCT
CAGTTAAAAAGCTCGTAGTTGGATTTCT
CAGTTAAAAAGCTCGTAGTTGGATTTCT
CAGTTAAAAAGCTCGTAGTTGGATTTCT

CAGTTAAAAAGCTCGTAGTTGGATTTCT

1760 1770 1780

CAGTTAAAAAGCTCGTAGTTGGATTTCT: :

iTTO
CGTTAATAATTTATATATAATATTTTGATGAATATTTAT

NCC

TCCGCCGC GAGGC GACG NCC

GTTAATAATTTATATATAATATTAC: : : : GGTATTTAT
GTTAATACCTTATATATAATATTTTTTTTTAAATATTA
GTTAATAATTTATATATAATATTTGATT: AATATTTAT
GTTAATAATTTATATATAATATTTAA:: :CATATTTAT
GTTAATAATTTATATAAAATATTTTGATGAATATTTAT
GTTAATAATTTATATAAAATATTTTAATTAATATTTAT
GTTAATAATTTATATATAATATTTTTAA: : : TATTTAT
GTTAATAATTTATATATTATACTTTTTAAGGTGTTTAT
GTTAATAATTTATATAAAATATTTTGATTAATATTTAT
GTTAATAATTTATATAAAATATTTTGATGAATATTTAT
GTTAATAATTTATATAAAATATTTTGATGAATATTTAT

i800 fITO 1820

000+t t+ot oot oottt 4+ 10001 0000000000000000000000000000000000000000000000



AF173605-Alligator.mississi...
M59392-Heterodon.platyrhinos
M59400-Sceloporus.undulatus
M59398-Trachemys.scripta

Ul16369-Babesia.odocoilei

O U O O O «

U16370-Babesia.divergens

O

AF060976-Caryospora.bigen... :::::::::
AF060975-Caryospora.bigen... :::::::::
AY078092-Colpodella.pontica
AY142075-Colpodella.sp.

AF112575-Crypto.felis

D
D
D
U AF112573-Cryptosporidium.... ATAATATTAA: ::::::
D
H

:GCCTGTCCCAGCCCCT :GCCTCTCGG
:GCNNGTCCCAGCCCCT :GCCTCTCGG: TGCT
:GCCNGTCCCAGCCCCC :G:

:GCCNGTCCCAGCCCCC G

GTCTCTAAAGACT : : TC : :GATCAATT : :

Appendix C (cont.)

:CGCT :CCCTTG : ATGCTCTTAACTGAGTGTCCTGGGGGTCC

:CCCCCG:ATGCTCTTAACTGAGTGTCTCGGGNNNCC

:TCTCGG : CGCT :CCCCCG : ATGCTCTTAGCTGAGTGTCCNGGGGNTCC
:TCTCGG : CGCT:CCCTTG : ATGCTCTTNACTNAGTGTCCTGGGNGTCC
':GCGTCACCG: :::::rrrrrrrrrr TATT:TTGACTTTTGTCGACTGTC :GG: :T:
:G:CGTGGTG : : v TTAATATTGACTAATGTCGA: :GATTGCACT :
:GTCGTGGTCATCCGGTACCGCCCGTAT : : ::: :GGGTGTGCACCT: : :GGTTTGAGCTC
:GTCGTGGTCATCCGGTACCGCCCGTAT : :::: :GGGTGTGCACCT :: :GGTTTGAGCTC

:GTTCAAGACGACCGGTCCGCCTTCTGGTGTGCACCAGGTTTGACTTGGACATTTTCCTG

GATTAGGAGCTCTTTAAGACATTTTCTC :

:CATAATTCATATT : CACTTTATTTTT @i AG oo

TTATG:T:AAGAT : TAA:CATAATTCATATTTTTTAAG:ACTG :AATTTTT :AGTTTTGA: :

AF112574-Crypto.meleagridis ATAATATTAA: :::::: :CATAATTCATATT ::::::: :ACTAAATTTATT :::::: AG:::::::::
D AF112576-Crypto.parvum ATAATATTAA: :::::: CATAATTCATATT ::::::: ACT: :ATTTAT ::::::: AG: 111
<JAF164102-Crypto.parvum ATAATATTAA: ::::::: CATAATTCATATT: :::::: ACTATA: T:ATTT:T: AG: 111
<) AF112571 -Crypto.parvum ATAATATTAA: :::::: :CATAATTCATATT: ::::::: ACTATAATTATTT:TTT:AG: :::::::::

<) AF115377-Crypto.parvum
<) AF112570-Crypto.parvum
D AF112572-Crypto.parvum
D AF161859-Crypto.parvum
U AF161858-Crypto.parvum

1830

ATAATATTAAGCTGTAA:CATCCTGTATCGTCCTTA:

ATAATATTAA: ¢

ATAATATTAA: ::::::

ATAATATTAA: @ :::::

ATAATATTAA: :::::

ATAATATTAA: @@

CATAATTCATATT: @
CCATAATTCATATT: @
CATAATTCATATT: ©
CATAATTCATATT: :::::: ACTATATATTT:T:::::AG:::::::::

T840 rgs50 1860 i870 1880

A TAGGGTTTTTTTYT

1890
:GGTTTGTTTCT

0\



<) AF173605-Alligato

Appendix C (cont.)

FMississi... GAAGCGT & & & c : ff t t sttt

<) M59392-Hetel’0d0np|atyrh|n05GAAGC JN ..................................................

<) M59400-SCE|OpOrUS.UndU|atUS GAAG ..................................................

|) M59398-Trachemys.scripta GAANNNN ..................................................

D U16369-Babesia.odocoilei CTTCGCTTTTGGG: s:si . [

U U16370-Babesia.divergens CITCGCTTTTGGG: @ rrrrornnr oy rnonnnnr o nnnnnr

D AF060976-Caryospora.bigen... GG:CATTCTTCC :GG: TGGCC : TTGCTTGCGCTTTACTGCGTCGAGTAGGGTGTTCC

| AF060975-Caryospora.bigen... GG: CATTCTTCC :GG: TGGCC : TTGCTTGCGCTTCACTGCGTTGAGTAGGGTGTTCC
D AY078092-Colpodella.pontica AGTTTCTGCGAGGCGATTCAGTTCGTCGCGTGGGGCGCAGG: @i

<) AY142075-Colpodella.sp. ACG: ... ::: ATGATATT:AGT:CGT:GAGHm

D AF112573-Cryptos

D AF112575-Crypto.

D AF112574-Crypto.
D AF112576-Crypto.
D AF164102-Crypto.
D AF112571-Crypto.
| AF115377-Crypto.
D AF112570-Crypto.
D AF112572-Crypto.
<) AF161859-Crypto.

<) AF161858-Crypto.

poridium....
felis
meleagridis
parvum
parvum
parvum
parvum
parvum
parvum
parvum

parvum

i900 1910 1920 1930 i940 1950 1T60
RG:CATTYTTCCTGGTTAGACTTTTCTTBTACTTTATTGCGTKGRKTG: TTTTTTCTMTYBTSCHCGAC



AF173605-Alligator.mississi...
M59392-Heterodon.platyrhinos
M59400-Sceloporus.undulatus
M59398-Trachemys. scripta
Ul6369-Babesia.odocoile
Ul6370-Babesia.divergens
AF060976-Caryospora. bigen...
AF060975-Caryospora.bigen...
AY078092-Colpodella.pontica
AY142075-Colpodella.sp.
AF112573-Cryptosporidium....
AF112575-Crypto.felis
AF112574-Crypto.meleagridis
AF112576-Crypto.parvum
AF164102-Crypto.parvum
AF112571 -Crypto.parvum
AF115377-Crypto.parvum
AF112570-Crypto.parvum
AF112572-Crypto.parvum
AF161859-Crypto.parvum

AF1 61858-Crypto.parvum

Appendix C (cont.)

Trrrririri TTACTTT
Trrrrirrri CNTACTTT
crrrririiir INTACTTT
oo INTACTTT
ATTTATCCCTTTTTACTTT
ATTTATCCCTTTTTACTTT
: 1 :GGA:ACTTTTACTTT
:: 1 :GGA:ACTTTTACTTT
i CACTTTTACTTT
cririr ACCTTCACTTT
AGTA: TATGAAA:TTTT ACTTT
. TAATATGAAA:TTTT ACTTT
TA:TATGAAA:TTTT ACTTT
c:TA: TATGAAAC: TTT ACTTT
cTA:TATGAAA:TTTT ACTTT
I TA:TATGAAA:TTTT ACTTT
::TASTATGAAA:TTTT ACTTT
I TA:TATGAAA:TTTT ACTTT
CCTA:TATGAAAITTTT ACTTT
cTA: TATGAAA:TTTT ACTTT
I TA:TATGAAASTTTT ACTTT

GAAAAAATTAGAGTGTTCAAA
GAAAAAATTAGAGTGTTCAAA
GAAAAAATTAGAGTGTTCAAA
GAAAAAATTAGAGTGTTCAAA
GAGAAAATTAGAGTGTTTCAA
GAGAAAATTAGAGTGTTTCAA
GAGAAAAATAGAGTGTTTCAA
GAGAAAAATAGAGTGTTTCAA
GAGAAAATTAGAGTGTTTCAA
GAGAAAATTAGAGTGTTTCAA
GAGAAAATTAGAGTGCTTAAA
GAGAAAATTAGAGTGCTTAAA
GAGAAAATTAGAGTGCTTAAA
GAGAAAATTAGAGTGCTTAAA
GAGAAAATTAGAGTGCTTAAA
GAGAAAATTAGAGTGCTTAAA
GAGAAAATTAGAGTGCTTAAA
GAGAAAATTAGAGTGCTTAAA
GAGAAAATTAGAGTGCTTAAA
GAGAAAATTAGAGTGCTTAAA
GAGAAAATTAGAGTGCTTAAA

1970 1980 1990 11000 ITOTo 11020 11030
TDGTDGGVDACADCDATBHWKTAGTA: TATGGA: : YTTTTACTTT: : GAGAAAATTAGAGTGTTTCAA ;



AF173605-Alligator.mississi...

GCAGGCTGGT

M59392-Heterodon.platyrhinosGCAGGCCGGT

M59400-Sceloporus.undulatus
M59398-Trachemys.scripta
Ul6369-Babesia.odocoile
Ul1l6370-Babesia.divergens
AF060976-Caryospora.bigen...
AF060975-Caryospora.bigen...
AYO078092-Colpodella.pontica
AY142075-Colpodella.sp.
AF112573-Cryptosporidium....
AF112575-Crypto.felis
AF112574-Crypto.meleagridis
AF112576-Crypto.parvum
AF164102-Crypto.parvum
AF112571 -Crypto.parvum
AF115377-Crypto.parvum
AF112570-Crypto.parvum
AF112572-Crypto.parvum
AF161859-Crypto.parvum

AF161858-Crypto.parvum

GCAGGCNGCT
GCAGGCN! GT
GCAGACTTTT
GCAGACTTTT
GCAGGCTTGT
GCAGGCTTGT
GCAGGCGTTT

GCAGGCATAT
GCAGGCTTTT
GCAGGCATAT
GCAGGCTTTT
GCAGGCATAT
GCAGGCATAT
GCAGGCATAT
GCAGGCGTTA
GCAGGCATAT
GCAGGCATAT
GCAGGCATAT

11040

Appendix C (cont.)

CG:::r:rrrrriii:1::1::CC::GGAATACTCCAGCTAGGAA: TAATGGAATAGG: ACT
CG::::r:ir11ii::::::CC::GGAATACTCCAGCTAGGAA: TAATGGAATAGG: ACT
CG::::::1::0:1::::::CCT::GAATACTCCAGCTNGGAA: TAATNGAATAGG: ACT
CG:::::::1:1:1::1:0::::CC::GGAATACTCCAGCTAGGAA:TAALIGGAATAGG: ACT
G TCTT: GAATACTTCAGCATGGAA: TAATAGAG: TAGGACT
Gt i TCTT: GAATACTTCAGCATGGAA: TAATAGAG: TAGGACT
CG::::::i:1:1:11:::::CCCT:GAATACTGCAGCATGGAAATAATAA: GATAGGACC
CG::::::ii:1:1:::::CCCT:GAATACTGCAGCATGGAAATAATAA: GATAGGACC
G: i CCCTT: GAACACTGCAGCATGGAA TAATACCATAGG: ACT
GCAAGCTATAT:G: : i :CTTTGAATACTACAGCATGGAA TAATACAATAGG: ACT
G::rrrririiiii 1 iCCTT:GAATACTCCAGCATGGAA TAATAT: TAAAG: ATT
G:::riiiiiiiii 1 :CCTT:GAATACTCCAGCATGGAA TAATAATAAAAG: ATT
G: i 1iCCTT:GAATACTCCAGCATGGAA TAATAT: TAAAG:ATT
G::irrrrirriiir 1 iCCTT:GAATACTAGAGCATGGAA TAATAT: TAAAG: ATT
G::::1::1::0001 0 CCTT: GAATACTCCAGCATGGAA TAATAT: TAAAG:ATT
G::r:::11:1100::::::CCTT: GAATACTCCAGCATGGAA TAATAT: TAAAG: ATT
G::rriirriiiirr 1 iCCTT:GAATACTCCAGCATGGAA TAATAT: AAAAG: ATT
G: i 1 iCCTT:GAATACTCCAGCATGGAA TAATAT: TAAAG: ATT
Gr:irrrrirrriirr 1 iCCTT:GAATACTCCAGCATGGAA TAATAT: TAAAG:ATT
Gr:irrrrirrriirr 1 iCCTT:GAATACTCCAGCATGGAA TAATAT: TAAAG:ATT
G:r::rrriirriiir 1 iCCTT:GAATACTCCAGCATGGAA TAATAT: TAAAG: ATT
1050 i1060 1070 11080 11090 11100
GWKMKWRYWTTASYG GCCTT:GAATACTCCAGCATGGAA: TAATAA: GATAGGACT

GCAGGCTTGT

8



AF173605-Alligator.mississi...

CCGGTTCTATTTT

M59392-Heterodon.platyrhinosCCGGTTCTATTTT

M59400-Sceloporus.undulatus
M59398-Trachemys.scripta
Ul6369-Babesia.odocoile
Ul6370-Babesia.divergens
AF060976-Caryospora.bigen...
AF060975-Caryospora.bigen...
AYO078092-Colpodella.pontica
AY142075-Colpodella.sp.
AF112573-Cryptosporidium....
AF112575-Crypto.felis
AF112574-Crypto.meleagridis
AF112576-Crypto.parvum
AF164102-Crypto.parvum
AF112571-Crypto.parvum
AF115377-Crypto.parvum
AF112570-Crypto.parvum
AF112572-Crypto.parvum
AF161859-Crypto.parvum

AF161858-Crypto.parvum

CCGGTTCTNTTTT
CCGGTTCTNTTTT
TTGGTTCTATTTT
TTGGTTCTATTTT
TTGGTTCTATTTT
TTGGTTCTATTTT
TCGGTTCTATT:
TTCGACCTATTT
TTTATCTTTCT:

TTTATCTTTTTT TTATTGG:TT:
:TATTGG TT
CTATTGG:TT:
CTATTGG:TT:
:TATTGG:TT
CTATTGG:TT:

TTTATCTTTCT:
TTTATCTTTCT
TTTATCTTTCT
TTTATCTTTCT
TTTATCTTTTT
TTTATCTTTCT
TTTATCTTTCT
TTTATCTTTCT
TTTATCTTTCT

11110
TTGGTTCTATTT

Appendix C (cont.)

GTTGGTTTTC: : GGAACT
GTTGGTTTTC: : GGAACC
GTTNGTTTTC: : GGAACT

GTTNGTTTTC:: GGAACT

GTTGG:TT:
GTTGG:TT:
GTTGGCTT:

GTTGGCTT

TATTGG:TT:
:TATTGG:
TATTGG:TT:

TT

TATTGG:TT:

11120

TGTTGGTTT:

TGTG: AACC
TGTG: AACC
CTAGGACTG

:CTAGGACTG
GTTGGTTT:
GTTGGTTT:

TATTGG:TT:

CTAG:TGCC
CTAGG: TCT
CTAAGATAA
CTAAGATAA
CTAAGATAA
CTAAGATAG
CTAAGATAA

:CTAAGATAA

CTAAGATAA
CTAAGATAA
CTAAGATAA
CTAAGATAA
CTAAGATAA

11130
CTAGGATCA

:: GGGGCCAT: GATTAAGA: GGG:A:C:
: :GGNGCCAT: GATTAAGAsSGGG:A:C:
:: GGGGCCAT:GATTAAGAsGGG:N:C:

. GGGGNNAT:

GATTAAGA:G:

I TTAGTAATGG: TTAATA:G:

I TTAGTAATGG: TTAATA:G:

:AG:: GTAAT
:AG: :GTAAT:
1 GAAGTAAT:
:: GAAGTAAT:
I AAATAAT:
I AAATAAT:
I AAETAAT
I AAATAAT:
: :GAATAAT:
11 - GAATAAT
T AAATAAT:
11 GAATAAT:
: :GSAATAAT
1 G:AATAAT:
:;GSAATAAT:

11140
. GAAGTAAT:

:GATTAATA:G:

GATTAATAsSG:
GATTAATA:G:
GATTAATA:G:
GATTAATA:G:
GATTAATA:G:

GATTAT TAG:

GATTAATA:G:
GATTAATAsG:

:GATTAATA;G:

GATTAATA:G:
GATTAATA:G:
GATTAATASG:
GATTAATA:G:
GATTAATA:G:

11150

GGCCG: G
GNCNGNN
GCN:G:G

G:AAC:GCCNNNN
GAA:CGGTT:G G

GAA:CGGTT
GGA:CAGTT:
GGA:CAGTT:
G:GACAGTT:
G:GACAGTT:
GGA:CAGTT
GGA:CAGTT
GGA:CAGTT
GGA:CAGTT:
GGA:CAGTT
GGA:CAGTT:
GGA:CAGTT:
GGA:CAGTT:
GGA:CAGTT:
GGA:CAGTT:
GGA:CAGTT:

11160

®
®

O 0 0 60 0 0 0 606 06 06 0 06 -
O O 00 0 60 0 000600 00 o

ITTT

GATTAATA:G:GGA:CAGTT:G:G



AF173605-Alligator.mississi...

M59392-Heterodon.platyrhinos tfNN

M59400-Sceloporus.undulatus
M59398-Trachemys.scripta
Ul6369-Babesia.odocoilei
U16370-Babesia.divergens
AF060976-Caryospora.bigen...
AF060975-Caryospora.bigen...
AY078092-Colpodella.pontica
AY142075-Colpodella.sp.
AF112573-Cryptosporidium....
AF112575-Crypto.felis
AF112574-Crypto.meleagridis
AF112576-Crypto.parvum
AF164102-Crypto.parvum
AF112571-Crypto.parvum
AF115377-Crypto.parvum
AF112570-Crypto. parvum
AF112572-Crypto.parvum
AF161859-Crypto.parvum

AF161858-Crypto.parvum

Appendix C (cont.)

G:G:GCATTCGTATTGTGCCGCTA

TTCGTATTGTGCCGCTA

:G::NNNNTTCGTATTGTGCCGCTA

O 0 0 0 00000000000 0 0
OO 0 00 0000600600 600 0 O

NTTCGTATTGTGCCGCTA
GCATTCGTATTTAACTGTCA

:GCATTCGTATTTAACTGTCA
:GCATTCGTATTTAACTGTCA
:GCATTCGTATTTAACTGTCA
:GCACTCGTATTTAACTGTCA
:GCATTTGTATTTGATAGTCA

GCATTTGTATTTAACAGTCA
GCATTTGTATTTAACAGTCA
GCATTTGTATTTAACAGTCA
GCATTTGTATTTAACAGTTA
GCATTTGTATTTAACAGTCA
GCATTTGTATTTAACAGTCA
GCATTTGTATTTAACAGTCA
GCATTTGTATTTAACAGTCA
GCATTTGTATTTAACAGTCA
GCATTTGTATTTAACAGTCA
GCATTTGTATTTAACAGTCA

11180 11190

:GCATTCGTATTTAACTGTCA

:GAGGTGAAA: TTCTT: GGACCGGCGCAAGACGAACCAAAGCG
:GAGGTNAAA: TTCTT: GGACCGGCGCAAGACGACCCAGAGCG

:GAGGTGAAA: TTCTT: GGACCGGCGCAAGACGAACCAGAGCG
:GAGGTGAAA: TTCTT: GGACCGGCGCAAGACGGACCAAAGCG

:GAGGTGAAAT:
:GAGGTGAAAT:
:GAAGTGAAAT:

:GAAGTGAAAT

:GAGGTGAAAT

:GAGGTGAAAT

:GAGGTGAAAT:
SGAGGTGAAAT:
:GAGGTGAAAT:
:GAGGTGAAAT:

11200

4+ o

TCTTAGATT
:GAGGTGATAT:
:GAGGTGAAAT:
:GAGGTGAAAT:
:GAGGTGAAAT:
TCTTAGATT
:GAGGTGAAAT:

TCTTAGATT:
TCTTAGATT:
TCTTAGATT:

:TCTTAGATT:
:GTGGTGAAAC:
:GAGGTGAAAT:

TCTTGGATT:

TGTTAAAGACGAACTACTGCG
TGTTAAAGACGAACTACTGCG
TGTTAAAGACGAACTACTGCG
TGTTAAAGACGAACTACTGCG
TGTTAAAGACGAACTACTGCG

TCGTGGATTTA: TCAAAGACAAACTACTGCG

TCTTAGATT:
TCTTAGATT:
TCTTAGATT:
TCTTAGATT:

TCTTAGATT:

:TGTTAAAGACAAACTAGTGCG

TGTTAAAGACAAACTAATGCG
TGTTAAAGACAAACTAATGCG
TGTTAAAGACAAACTAATGCG
TGTTAAAGACAAACTAATGCG

:TGTTAAAGACAAACTAATGCG

TGTTAAAGACAAACTAGTGCG

11210
:GAGGTGAAAT:

TCTTAGATT-TGTTAAAGACAAACTAATGCG
TCTTAGATT:TGTTAAAGACAAACTAATGCG
TCTTAGATT-TGTTAAAGACAAACTAATGCG
TCTTAGATT TGTTAAAGACAAACTAATGCG

11220 11230 fl2
TCTTAGATT: TGTTAAAGACAAACTACTGCG

o+

0Os
00



AF173605-Alligator.mississi...

AAA

M59392-Heterodon.platyrhinosAAA

M59400-Sceloporus.undulatus
M59398-Trachemys.scripta
Ul6369-Babesia.odocoile
U16370-Babesia.divergens
AF060976-Caryospora.bigen...
AF060975-Caryospora.bigen...
AY078092-Colpodella.pontica
AY142075-Colpodella.sp.
AF112573-Cryptosporidium....
AF112575-Crypto.felis
AF112574-Crypto.meleagridis
AF112576-Crypto.parvum
AF164102-Crypto.parvum
AF112571 -Crypto, parvum
AF115377-Crypto.parvum
AF112570-Crypto.parvum
AF112572-Crypto.parvum
AF161859-Crypto.parvum

AF161858-Crypto.parvum

AAA
AAA

AAA
AAA
AAA

AAA

AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA

40
AAA

GCATTT
GCATTT
GCATTT
GCATTT
GCATTT
GCATTT
GCATTT
GCATTT
GCATTT
GCATTT
GCATTT
GCATTT
GCATTT
GCATTT
GCATTT
GCATTT
GCATTT
GCATTT
GCATTT
GCATTT
GCATTT

11250

Appendix C (cont.)

GCCAA:GAATGTTTTCATTAATCAAGAACGAAAG

GCCAATGAATNTTTTCATTAATCNAGNANGAAAG
GCCAA:GAATNTTTTCATTAATCAAGAACGAAAG
GCCAA:GAATGTTTTCATTAATCAAGAACGAAAG

GCCAAGGA
GCCAAGGA
GCCAAGGA
GCCAAGGA
GCCAAGGA
GCCAAGGA
GCCAAGGA
GCCAAGGA
GCCAAGGA
GCCAAGGA
GCCAAGGA
GCCAAGGA
GCCAAGGA
GCCAAGGA
GCCAAGGA
GCCAAGGA
GCCAAGGA

11260

CGTTTTCATTAATCAAGAACGAAAG:
cgttttcattiatcaagaacgaaad.
TGTTTTCATTAATCAAGAACGACAGT
TGTTTTCATTAATCAAGAACGACAG:
TGTTTTCATTAATCAAGAACGAAAG:
TGTTTTCATTAATCAAGAACGAAAGT
TGTTTTCATTAATCAAGAACGAAAG:
TGTTTTCATTAATCAAGAACGAAAG
TGTTTTCATTAATCAAGAACGAAAG:
TGTTTTCATTAATCAAGAACGAAAG:
TGTTTTCATTAATCAAGAACGAAAG:
TGTTTTCATTAATCAAGAACGAAAG:
TGTTTTCATTAATCAAGAACGAAAG:
TGTTTTCATTAATCAAGAACGAAAG:
TGTTTTCATTAATCAAGAACGAAAG:
TGTTTTCATTAATCAAGAACGAAAG:
TGTTTTCATTAATCAAGAACGAAAG

11270 11280

:GCATTT:GCCAAGGA: TGTTTTCATTAATCAAGAACGAAAG :

:TTAGGGGA:

:TTAGGGGA:

TCGGAGG: TTCGAA
TCGGAGG: TTCGAA
TCGGAGG:TTCGAA
TCGGAGG:TTCGAA
TTAGGGGA: TCGAA
TTAGGGGA: TCGAA
:TAGGGGGTTTGAA
: TAGGGGGTTTGAA
TTAGGGGA:TCGAA
TTAGGGGA: TCGAA
TTAGGGGA: TCGAA
TCGAA
TCGAA
TCGAA
TCGAA
TCGAA
TCGAA
TCGAA
TCGAA
TCGAA
TCGAA

TTAGGGGA

TTAGGGGA:
TTAGGGGA:
TTAGGGGA:
TTAGGGGA:
TTAGGGGA:
TTAGGGGA

TTAGGGGA:

11290
TTAGGGGA:

GACG
GACG
GACG
GACG
GACG
GACG

GACG :
CATT
tATC
CATT
:ATC
ATC
:ATC
:ATC
:ATC
tATC

GACG
GACG
GACG
GACG
GACG
GACG
GACG
GACG
GACG

GACG :
ATC
tATC
tATC

GACG
GACG
GACG

GACG :

11300
TCGAA: GACG:ATC

:ATC
:ATC
tATC
tATC
:ATC
tATC

ATT

ATC

ATC

IT



M59398-Trachemys.scripta

Ul6369-Babesia.odocoilei

Ul1l6370-Babesia.divergens
AF060976-Caryospora.bigen...
AF060975-Caryospora.bigen...

AYO078092-Colpodella.pontica

AY142075-Colpode

AF112573-Cryptosporidium....

AF112575-Crypto.

lla.sp.

felis

Appendix C (cont.)

AGATACCGTCGTAGTCCTAACCATAAACTATGCCGACT :AGGGATT :GG & s sttt rnir i

AGATACCGTCGTAGTCCTAACCATAAACTATGCCGACT :AGGGATT :GG @ 1ttty

AGATACCGTCGTAATCTCTACCATAAACTATGCCGACT: AGAGATA:GGG: sttt

AGATACCGTCGTAATCTCTACCATAAACTATGCCGACT : AGAGATA GGG : @ttt

AGATACCGTCGTAGTCTTAACCATAAACTATGCCGACT i AGAGATTIiIGG : 11ttt

AGATACCGTCGTAGTCTTAACCATAAACTATGCCGACT :AGAGATT :GG : ttrr v rrirrrnnr:

AGATACCGTCGTAGTCTTAACCATAAACTATGCCAACT :AGAGATT GG : 11ttt

AGATACCGTCGTAGTCTTAACCATAAACTATGCCAACT :AGAGATT :GG = sttt rninrrnnn:

AF112574-Crypto.meleagridis AGATACCGTCGTAGTCTTAACCATAAACTATGCCAACT : AGAGATT ;GG : iy

AF112576-Crypto.
AF164102-Crypto.
AF112571 -Crypto.
AF115377-Crypto.
AF112570-Crypto.
AF112572-Crypto.
AF1 61859-Crypto.

AF1 61858-Crypto.

parvum
parvum
parvum
parvum
parvum
parvum
parvum

parvum

AGATACCGTCGTAGTCTTAACCATAAACTATGCCAACT : AGAGATT :GG : : it

AGATACCGTCGTAGTCTTAACCATAAACTATGCCAACT :AGAGATT :GG - sttty rnnorrrs

AGATACCGTCGTAGTCTTAACCATAAACTATGCCAACT :AGAGATT :GG : 1ttt

AGATACCGTCGTAGTCTTAACCATAAACTATGCCAACT sAGAGATT :GGT s

AGATACCGTCGTAGTCTTAACCATAAACTATGCCAACT :AGAGATT :GG - ittt rninrrrnn:

AGATACCGTCGTAGTCTTAACCATAAACTATGCCAACT :AGAGATTIGG : 1ttt v

AGATACCGTCGTAGTCTTAACCATAAACTATGCCAACT : AGAGATT sGG: : 1111 [ Pl

AGATACCGTCGTAGTCTTAACCATAAACTATGCCAACT :AGAGATT GGy t 7ttt

310 11320 11330 11340 11350 11360 11370 T
AGATACCGTCGTAGTCTTAACCATAAACTATGCCGACT:AGAGATT:GGGTGAAATTYAGATGTACAAA



Appendix C (cont.)

AF173605-Alligator.mississi... - - > ..l rrrirrrrirrrrrrriiri i GGC:GTTATTCCCAT: GACCCGCCGGGCAGCTT
M59392-Heterodon.platyrhinos S: ::: il siirosriririiil st GGNIGTTATTCCCAT: GACCCGCCNAGCAGCTT
M59400-Sceloporus.undulatus I liiiiiriirrriirriirriirrriiir i GGC:GTTATTCCNNT: NANCCGCCNNNNKGCTT
M59398-Trachemys.scripta Torrnrrriorrrirorrrrrrrrrrri it GGCIGTTATTCCCAN: GANCCGCNNNNCAGCTT
Ul16369-Babesia.odocoilei Trorrrrrrrrrrrrrrrrrrrrrrirrr i AGGTCGTCACTTTTTCCGACTCCTTCAGCACCTT
U16370-Babesia.divergens Drrrrrrrrrrrrrrrrrrrrrrrrrrrir i AGGTCGTCATTTTTC: CGACTCCTTCAGCACCTT
AF060976-Caryospora.bigen... ::: il rrrrrrrrrrrrrrrrrr i i sAAATCGCCTACCTTG: : G:CTTCTCCTGCACCTC
AF060975-Caryospora.bigen... - ...t iorrrrrrrrrrrrrrrorii i AAACCGCCTACCTTG: : G:CTTCTCCTGCACCTC
AY078092-Colpodella.pontica - - ::::i:.iiioiorororiririririiiiit AGGTTGTTCTATT: : ACGCCCCCTTCAGCACCTT
AY142075-Colpodella.sp. Ll iiiinininninio sy AGGTAATTCATTT: s s GTTTCCTTCAGCACCTT
AF112573-Cryptosporidium.... - >t liorrorrrrrrrrr i r it AGGTTGTTCCTT: -0 ACTCCTTCAGCACCTT
AF112575-Crypto.felis Sorrrrrrrrrrrrrrrrrrrrrrrrrr ittt AGGTTGTTCCTT: @0 0 ACTCCTTCAGCACCTT
AF112574-Crypto.meleagridis :: @ttt rrrrriiii i D AGGTTGTTCCTT: @00t ACTCCTTCAGCACCTT
AF112576-Crypto.parvum i o rsy o AGGTTGTTCCTT: i ACTCCTTCAGCACCTT
AF164102-Crypto.parvum Dorrrrrrrrrrrrrrrrrrrrrrrr it D AGGTTGTTCCTT: t it ACTCCTTCAGCACCTT
AF112571-Crypto.parvum Drrriirrririrorrrrrrrrorrrrrrrrorr AGGTTGTTCCTT: @i @t ACTCCTTCAGCACCTT
AF115377-Crypto.parvum S:irrrrrrrrrrrrrrrr i AGGTTGTTCCTT: @@ @@ jACTCCTTCAGCACCTT
AF112570-Crypto.parvum Tooririrrirorrririirrrrrrrrrrrrr i AGGTTGTTCCTT: @it ACTCCTTCAGCACCTT
AF112572-Crypto.parvum Drorrrrrrorrrrrrrrorrrrrrrrrr i AGGTTGTTCCTT: @ttt ACTCCTTCAGCACCTT
AF161859-Crypto.parvum Trorrrrrrrrrrrrrrrrrrrrrrrrrr o jAGGTTGTTCCTT:: @t 0 jACTCCTTCAGCACCTT
AF161858-Crypto.parvum Drorrrrrrrrrrrrrrrrrrrrrrrrrr D AGGTTGTTCCTT: @it 0 ACTCCTTCAGCACCTT
1380 11390 11400 11410 11420 11430 il440

GWTTGAARAWAMAWTKTTTCTACWTC:A:: GGAGAAGGTCGTCATTTTT: : : GACTCCTTCAGCACCTT



AF173605-Alligator.mississi... CCGGGAAACCAAA
M59392-Heterodon.platyrhinosCCGGGAAACCAAA

M59400-Sceloporus.undulatus CCGGGAAACCAAA

M59398-Trachem

ys.scripta

Ul6369-Babesia.odocoile

1116370-Babesia.divergens

AF060976-Caryos

pora.bigen...

AF060975-Caryospora.bigen..

AY078092-Colpod

AY142075-Colpod

ella.pontica

ella.sp.

AF112573-Cryptosporidium...

AF112575-Crypto.felis

AF112574-Crypto
AF112576-Crypto
AF164102-Crypto
AF112571-Crypto
AF115377-Crypto
AF112570-Crypto
AF112572-Crypto
AF161859-Crypto

AF161858-Crypto

.meleagridis
.parvum
.parvum
.parvum
.parvum
.parvum
.parvum
.parvum

.parvum

ACGGGAAACCAAA
GAGAGAAATCAAA
GAGAGAAAT CAAA
ATGAGAAATCAAA
ATGAGAAATCAAA
ATGGGAAACCAAA
ATGAGAAATCAAA
ATGAGAAATCAAA
ATGAGAAATCAAA
ATGAGAAATCAAA
ATGAGAAATCAAA
ATGAGAAATCAAA
ATGAGAAATCAAA
ATGAGAAATCAAA
ATGAGAAATCAAA
ATGAGAAATCAAA
ATGAGAAATCAAA
ATGAGAAATCAAA

11450

11460

Appendix C (cont.)

GTCTTTGGGTTCCGGGGG: GAGTATGGTTGCAAA: GCTGAAACTTAs AAGGAATT

GTCTTTGGGTTCCGGGGG: GAGNATGGTNNNNNNNNN: NAAACTTA: AAGGAATT
GTGNTTGGGTNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

GTCTTTGGGT CCGGGGG
GTCTTTGGGTTCTGGGGG
GTCTTTGGGTTCTGGGGG
GTCTCTGGGTTCTGGGGG
GTCTCTGGGTTCTGGGGG
GTTTTTGGGTTTTGGGGG
GTCTTTGGGTTCTGGGGG
GTCTTTGGGTTCTGGGGG
GTCTTTGGGTTCTGGGGG
GTCTTTGGGTTCTGGGGG
GTCTTTGGGTTCTGGGGG
GTCTTTGGGTTCTGGGGG
GTCTTTGGGTTCTGGGGG
GTTTTTGGGTTCTGGGGG
GTCTTTGGGTTCTGGGGG
GTCTTTGGGTTCTGGGGG
GTCTTTGGGTTCTGGGGG
GTCTTTGGGTTCTGGGGG

11470

11480

GAGNATGGNNNNNNNNNNNNNNNNNNNNNNNNNNNN

GAGTATGGTCGCAAG
GAGTATGGTCGCAAG
GAGTATGGTCGCAAG
GAGTATGGTCGCAAG
GAGTATGGTCGCAAG
GAGTATGGTCGCAAG
GAGTATGGTCGCAAG
GAGTATGGTCGCAAG
GAGTATGGTCGCAAG
GAGTATGGTCGCAAG
GAGTATGGTCGCAAG
GAGTATGGTCGCAAG
GAGTATGGTCGCAAG
GAGTATGGTCGCAAG
GAGTATGGTCGCAAG
GAGTATGGTCGCAAG
GAGTATGGTCGCAAG

11490

GCTGAAACTTA:
GCTGAAACTTA:

GCTGAAACTTA

GCTGAAACTTA:
GCTGAAACTTA:
GCTGAAACTTA:
GCTGAAACTTA:
GCTGAAACTTA:
GCTGAAACTTA:
GCTGAAACTTA:
GCTGAAACTTA:
GCTGAAACTTA:
GCTGAAACTTA:
GCTGAAACTTA:

GCTGAAACTTA

11500

AAGGAATT
AAGGAATT

:AAGGAATT
GCTGAAACTTA:

AAGGAATT
AAGGAAAT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT

:AAGGAATT
GCTGAAACTTA:

AAGGAATT

11510

ATGAGAAATCAAA:GTCTTTGGGTTCTGGGGG: GAGTATGGTCGCAAG: GCTGAAACTTA: AAGGAATT.

eeceooet+++oeet++++toeeceetttoooeettttotttottott oo
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Appendix C (cont.)

AF173605-Alligator.mississi... GACGGAAGGGCACCACCAGGAGT : GGAGCCTGCGGCTTAATTTGACTCAA : : CACGGG : AAACCTCACC
M59392-Heterodon.platyrhinosGACGGAAGGGCNCCACCAGGAGT :GG: : CAGGCGGCTTNATNNNNNN : AA : : CACGGG : AAACCTCACC

M59400-Sceloporus.undulatus NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN j @ : : AACACGGG : AAACCTCNCC

M59398-Trachemys.scripta

Ul6369-Babesia.odocoilei

U1l6370-Babesia.divergens

AF060976-Caryospora.bigen..
AF060975-Caryospora.bigen..

AYO078092-Colpodella.pontica

AY142075-Colpodella.sp.

AF112573-Cryptosporidium ...

AF112575-Crypto.felis

AF112574-Crypto.meleagridis

AF112576-Crypto.parvum
AF164102-Crypto.parvum
AF112571-Crypto.parvum
AF115377-Crypto.parvum
AF112570-Crypto.parvum
AF112572-Crypto.parvum
AF161859-Crypto.parvum

AF161858-Crypto.parvum

NNNNNNNN: @ Trrrirrrrorrrrrrrrorrrrrrrr MACGGG: NNACCNNNCC
GACGGAAGGGCACCACCAGGCGT GGAGCCTGCGGCTTAATTTGACTCAA: :CACGGGG: AAACTCACC
GACGGAAGGGCACCACCAGGCGT GGAGCCTGCGGCTTAATTTGACTCAA: :CACGGGG: AAACTCACC
G CGGAAGGGCACCACCAGGCGT GGAGCCTGCGGCTTAATTTGACTCAA:: CACGGGG: AAACTCACC
GACGGAAGGGCACCACCAGGCGT GGAGCCTGCGGCTTAATTTGACTCAA s : CACGGGG: AAACTCACC
GACGGAAGGGCACCACCAGGAGT GGAGCCTGCGGCTTAATTTGACTCAA: : CACGGGG: AAACTCACC
GACGGAAGGGCACCACCAGGAGT GGAGCCTGCGGCTTAATTTGACTCAA::CACGGGG: AAACTCACC
G CGG GGGC CC CC GG GT GGAGCCTGCGGCTTAATTTGACTCAA :CACGGG:AAAACTCACC
:CACGGG: AAAACTCACC
CACGGG: AAAACTCACC

:CACGGG: AAAACTCACC

GACGGAAGGGCACCACCAGGAGT GGAGCCTGCGGCTTAATTTGACTCAA
G CGG GGGC CC CC GG GT GGAGCCTGCGGCTTAATTTGACTCAA
G CGG GGGC CC CC GG GT GGAGCCTGCGGCTTAATTTGACTCAA

GACGGAAGGGCACCACCAGGAGT GGAGCCTGCGGCTTAATTTGACTCAA

GACGGAAGGGCACCACCAGGAGT
GACGGAAGGGCACCACCAGGAGT
GACGGAAGGGCACCACCAGGAGT
GACGGAAGGGCACCACCAGGAGT
GACGGAAGGGCACCACCAGGAGT
GACGGAAGGGCACCACCAGGAGT

11520 11530

11540

GGAGCCTGCGGCTTAATTTGACTCAA
GGAGCCTGCGGCTTAATTTGACTCAA
GGAGCCTGCGGCTTAATTTGACTCAA
GGAGCCTGCGGCTTAATTTGACTCAA
GGAGCCTGCGGCTTAATTTGACTCAA
GGAGCCTGCGGCTTAATTTGACTCAA

E1550 11560

11570

:CACGGG:AAAACTCACC

CACGGG: AAAACTCACC

:CACGGG: AAAACTCACC
:CACGGG:AAAACTCACC

CACGGG: AAAACTCACC

:CACGGG: AAAACTCACC

CACGGG: AAAACTCACC

11580

GACGGAAGGGCACCACCAGGAGT: GGAGCCTGCGGCTTAATTTGACTCAA: : CACGGG: AAAACTCACC

eeteoe

° o+

%O



AF173605-Alligator.mississi... CGGCCCGGA :

M59392-Heterodon.platyrhinosCGGCCCGGA

M59400-Sceloporus.undulatus
M59398-Trachemys.scripta
1116369-Babesia.odocoile
1116370-Babesia.divergens
AF060976-Caryospora.bigen..
AF060975-Caryospora.bigen...
AYO078092-Colpodella.pontica
AY142075-Colpodella.sp.
AF112573-Cryptosporidium...
AF112575-Crypto.felis
AF112574-Crypto.meleagridis
AF112576-Crypto.parvum
AF164102-Crypto.parvum
AF112571 -Crypto.parvum
AF115377-Crypto.parvum
AF112570-Crypto.parvum
AF112572-Crypto.parvum
AF161859-Crypto.parvum

AF161858-Crypto.parvum

CGGCCCGGA :
CGGCCNGGA :
AGGTCCAGA:
AGGTCCAGA:
AGGTCCAGA:
AGGTCCAGA :
AGGTCCAGA:
AGGTCCAGA:
AGGTCCAGA:
AGGTCCAGA :
AGGTCCAGA :
AGGTCCAGA:
AGGTCCAGA :
AGGTCCAGA :
AGGTCCAGA:
AGGTCCAGA :
AGGTCCAGA :

AGGTCCAGA

AGGTCCAGA:

11590
. GGTCCAGA

CAC: sG:
:CAC: :G:
CAC: :G:
CAC: :G
CAA: : TG
CAA: :TG:
CAT: :GG:
CAT I :GG:
CATAGT:
CACGATG
CAT : : AG:
CAT: :AG:
CAT: :AG
CAT: :AG
CAT: :AG:
CAT: : AG
CAT: :AG
CAT: :AG
CAT: :AG
:CAT: :AG
CAT: :AG
11600
:CAT:: AG

: 3AAAGGANNNACAGATTGA :

Appendix C (cont.)

3BAAAGGATTG\CAGATTGA :
3AAAGGANNNACAGATCGA :
3AAAGGANNGACAGATCGA :

- 4 4 4 -

:TTAGGATTGACAGATTGA :

. AAGGATTGACAGATTGA : T:
© 1 AGGATTGACAGATTGA ST :
GAAGGATTGACAGATTGA : T:

:GAAGGATTGACAGATTGA sT :
:GAAGGATTGACAGATTGA : T:

:GAAGGATTGACAGATTGA
:GAAGGATTGACAGATTGA :
:GAAGGATTGACAGATTGA
:GAAGGATTGACAGATTGA :

11610 11620
:GAAGGATTGACAGATTGA: T

TTAGGATTGACAGATTGA sT :
GAAGGATTGACAGATTGA : T:
GAAGGATTGACAGATTGA : T:

GAAGGATTGACAGATTGA : T:
:GAAGGATTGACAGATTGA sT :
:GAAGGATTGACAGATTGA sT :
GAAGGATTGACAGATTGA : T:

N

T
S
T

::CTCTTTCTCGATTCTGTGGGTGGTGG

CTCTTTCTCGATTCTGTGGGTNGTNG

: :CTCTTTCTCGATTCNGTNGGTNNNNN
:CTCTTTCTCGATT TGTGGGNNNNNN
D ICTCTTTCTTGATTCTTTGGGTGGTGG
: iCTCTTTCTTGATTCTTTGGGTGGTGG
cCTCTTTCTTGATTCTATGGGTGGTGG
: :CTCTTTCTTGATTCTATGGGTGGTGG
: :CTCTTTCTTGATTCTGTGGGTGGTGG
: CTCTTTCTTGATTCTGTGGGTGGTGG
: CTCTTTCTTGATTCTATGGGTGGTGG
cICTCTTTCTTGATTCTATGGGTGGTGG

CTCTTTCTTGATTCTATGGGTGGTGG

: CTCTTTCTTGATTCTATGGGTGGTGG
cICTCTTTCTTGATTCTATGGGTGGTGG
: :CTCTTTCTTGATTCTATGGGTGGTGG
cCTCTTTCTTGATTCTATGGGTGGTGG
: :CTCTTTCTTGATTCTATGGGTGGTGG
cCTCTTTCTTGATTCTATGGGTGGTGG
ICTCTTTCTTGATTCTATGGGTGGTGG
c:CTCTTTCTTGATTCTATGGGTGGTGG

11630 11640 11650
CTCTTTCTTGATTCTATGGGTGGTGG



Appendix C (cont.)

AF173605-Alligator.mississi... TGCATGGCCGTTCTTAGTTGGTGGA:GCGATTTGTCTGGTTAATTCCGATAACGAACGAGACTCTGGCA
M59392-Heterodon.platyrhinosTGCATGGCNNNTCTTAGTTGGTGGA:GCGATTTGTCTGGTTAATTCCGATAACGAACGAGACTCTGGCA
M59400-Sceloporus.undulatus TGCATGGCNNNTCTTAGTTGGTGGA: GCNATTTGTCTNGTTNATTCCGATAACGANNGAGACTCTGGCA
M59398-Trachemys.scripta TGCATGGCNNNNCTTAGTTGGTGGA:GCNATTTGTCTGGTTNATTCCGATAACGAKCGAGACT TGGCA
Uu16369-Babesia.odocoilei TGCATGGCCGTTCTTAGTTGGTGGA :GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
u16370-Babesia.divergens TGCATGGCCGTTCTTAGTTGGTGGA:GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
AF060976-Caryospora.bigen... TGCATGGCCGTTCTTAGTTGGTGGA: GTGATCTGTCTGGTTAATTTCGATAACGAACGAGACCTTAGCC
AF060975-Caryospora.bigen... TGCATGGCCGTTCTTAGTTGGTGGA:GTGATCTGTCTGGTTAATTTCGATAACGAACGAGACCTTAGCC
AYO078092-Colpodella.pontica TGCATGGCCGTTCTTAGTTGGTGGA:GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
AY142075-Colpodella.sp. TGCATGGCCGTTCTTAGTTGGTGGA:GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
AF112573-CryptOSporidium.... TGCATGGCCGTTCTTAGTTGGTGGA :GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
AF112575-Crypto.felis TGCATGGCCGTTCTTAGTTGGTGGA :GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC

AF112574-Crypto.meleagridis TGCATGGCCGTTCTTAGTTGGTGGA:GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC

AF112576-Crypto.parvum TGCATGGCCGTTCTTAGTTGGTGGA:GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
AF164102-Crypto.parvum TGCATGGCCGTTCTTAGTTGGTGGA:GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
AF112571-Crypto.parvum TGCATGGCCGTTCTTAGTTGGTGGA:GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
AF115377-Crypto.parvum TGCATGGCCGTTCTTAGTTGGTGGA:GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
AF112570-Crypto.parvum TGCATGGCCGTTCTTAGTTGGTGGA:GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
AF112572-Crypto.parvum TGCATGGCCGTTCTTAGTTGGTGGA:GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
AF161859-Crypto.parvum TGCATGGCCGTTCTTAGTTGGTGGA:GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
AF161858-Crypto.parvum TGCATGGCCGTTCTTAGTTGGTGGA:GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
11660 11670 11680 11690 11700 11710 11720

TGCATGGCCGTTCTTAGTTGGTGGA:GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC

o of+++eo e oo PR o+ ot++eoe ., .....



AF173605-Alligator.mississi... TGCTAACTAGTTATGCG
M59392-Heterodon.platyrhinosTGCTAACNAGTTATGCG
M59400-Sceloporus.undulatus TGCTNACTAGTTATGCG:

M59398-Trachemys.scripta

Ul6369-Babesia.o

Ul6370-Babesia.divergens
AF060976-Caryospora.bigen...
AF060975-Caryospora.bigen...

AYO078092-Colpodella.pontica

docoilei

AY142075-Colpodella.sp.

AF112573-CryptOSporidium....

AF112575-Crypto.felis

AF112574-Crypto.meleagridis

AF112576-Crypto
AF164102-Crypto
AF112571 -Crypto
AF115377-Crypto
AF112570-Crypto
AF112572-Crypto
AF161859-Crypto

AF161858-Crypto

.parvum
.parvum
.parvum
.parvum
.parvum
.parvum
.parvum

.parvum

TGCTAACNAGTTATGCG:

Appendix C (cont.)

:ACCCCCGAGCGGTCGGCGTCCAACTT : : :

:ACCCCCNAGCGGTCGGNNTCCAANNNN: @ :

ACCCCCGAGCGGTCGGNGTCCAANNTN: : :

ACCCCNGAGCGGTCGGIINNCCAANNNN: : :

:CTTAGAGGGACAA :GTGGCGT
:TTANAGGGACAA :GTGGCGT
:TTAGAGGGACAA sGTGGCGT

:TTAGAGGGACAA:GTNGCGT

TGCTAACTAGTGCCCGTGAGAAGGTTC GTCCG :TTACG GGTTGCTTCTTAGAGGGACTTTGCGGCTC

TGCTAAATAG :GATCGGGAAC : : :

TGCTAAATAG :GATCGGGAAC : ::

TGCTAAATAGTCTCGGTGACTTTCGTTGCCGTTAG

TGCTAAATAG
TGCTAAATAG
TGCTAAATAG
TGCTAAATAG
TGCTAAATAG
TGCTAAATAG
TGCTAAATAG
TGCTAAATAG
TGCTAAATAG
TGCTAAATAG
TGCTAAATAG

11730
TGCTAAATAG:

oo o +

ACATAA AA

ACATAAGAA
ACATAAGAA
ACATTTGAA
ACATAAGAA
ACATAAGAA
ACATAAAAA
ACATAAGAA
ACATAAGAA
ACATAAGAA
ACATAAGAA

11740

GTTCAAGAAMATATTTTTTTTT:

CTTTT

A AT D TCTT 0T
CATATATTAATAT:
CATAT: T :ATAT
CATAT TTTTAT:
CATAT: . T:ATAT
CATAT: T :ATAT:
CATAT T AAT:
CATAT: :T:ATAT:
CATAT: T :ATAT
CATAT: T :ATAT:
CATAT: T ATAT:
11750

CTTTTG

G:

TGCTAAATAGTCGGCAGAACTACATGTTCTGTT : G

T

T

TGCTAACTAGTGTCCGTAAAAAGGTTC :GTCCG: TTACG :GTTTGCTTCTTAGAGGGACTTTGCGGCTC

T:TCCGCATCACTTCTTAGAGGGACTTTGCGTGT :

T:TCCGCATCACTTCTTAGAGGGACTTTGCGTGT :

A:CTTCTTAGAGGGACTTTGCGCGTC

TATCTTCTTAGAGGGACTTTGGGGGAT

CCTTTTATTTGTCTTCTTAGAGGGACTTTGTATGT ¢

TTTTTATTTGTCTTCTTAGAGGGACTTTGTATGT
TTTTTATTTGTCTTCTTAGAGGGACTTTGTATGT
TTCTTATTTGTCTTCTTAGAGGGACTTTGTATGT

CTTTTTATCTGTCTTCTTAGAGGGACTTTGTATGT

TTTTTATCTGTCTTCTTAGAGGGACTTTGTATGT
TTTTTATTTGTCTTCTTAGAGGGACTTTGTATGT
TTTTTATTTGTCTTCTTAGAGGGACTTTGTATGT

TTTTTATCTGTCTTCTTAGAGGGACTTTGTATGT

TTTTTATCTGTCTTCTTAGAGGGACTTTGTATGT
TTTTTATCTGTCTTCTTAGAGGGACTTTGTATGT

11760 11770 11780 11790
TTTTTATATTACTTCTTAGAGGGACTTTGCGTGTC



Appendix C (cont.)

AF173605-Alligator.mississi... TCAGCCACCCGAGA
M59392-Heterodon.platyrhinosTCAGCCACCCGAGA
M59400-Sceloporus.undulatus TNAGCCACCCGAGA
M59398-Trachemys.scripta TTAGCCACCCGAGA
1116369-Babesia.odocoilei TAAGCCGCAAGG : :
U1l6370-Babesia.divergens TAAGCCGCAAGG : :
AF060976-Caryospora.bigen... CTAA : CGCAAGG : :
AF060975-Caryospora.bigen... CTAA : CGCAAGG
AY078092-Colpodella.pontica TAN: :CGCAAGG
AY142075-Colpodella.sp. GACCC:: CAAGG
AF112573-Cryptosporidium.... TTAAT :ACAGGG
AF112575-Crypto.felis TTAAT:ACAGGG
AF112574-Crypto.meleagridis TTAAT :ACAGGG

AF112576-Crypto.parvum TTAAT:ACAGGG
AF164102-Crypto.parvum TTAAT:ACAGGG
AF112571 -Crypto, parvum TTAAT.ACA : GG
AF115377-Crypto.parvum T : AAT :ACAGGG
AF112570-Crypto.parvum T :AAT:ACAGGG
AF112572-Crypto.parvum TTAAT:ACAGGG
AF161859-Crypto.parvum TTAAT:ACAGGG
AF161858-Crypto.parvum TTAAT:ACAGGG
11800 11810 11820 11830 11840 11850 11786™

TAA: :CGCAAGGGACAATTGTCCTWTTTTAATTGGTAGGTTWTYTAMTTTCGATTWGATCTCKTTKAAC



AF173605-Alligator.mississi...
M59392-Heterodon.platyrhinos
M59400-Sceloporus.undulatus
M59398-Trachemys.scripta
Ul6369-Babesia.odocoilei
Ul6370-Babesia.divergens
AF060976-Caryospora.bigen...
AF060975-Caryospora.bigen...
AY078092-Colpodella.pontica
AY142075-Colpodella.sp.
AF112573-Cryptosporidium....
AF112575-Crypto.felis
AF112574-Crypto.meleagridis
AF112576-Crypto.parvum
AF164102-Crypto.parvum
AF112571-Crypto.parvum
AF115377-Crypto.parvum
AF112570-Crypto.parvum
AF112572-Crypto.parvum
AF161859-Crypto.parvum

AF161858-Crypto.parvum

Appendix C (cont.)

0 11870 11880 11890 11900 i1910 11920 fl19
GTGKKAMAAAGAAAAAGGTTCGTGCACTTCGAAATAAGCAAATCAACCAGGTTCAATTTTACCTAAGWA



Appendix C (cont.)

G AF173605-Alligator.mississi... TTGA
D M59392-Heterodon.platyrhinos @ @ @ ::: it niorrr oy rrrrrrrorrrrrrrrrrrorn (TTNA
M59400-Sceloporus.undulatus & ::: @il irirororiririririsSiiiiririririririririririririiiios ; TTNA
M59398-Trachemys.scripta N S I I\ V2
§) U16369-Babesia.odocoilei Ss:s:::;:8::;:8;;::58ss;;:::8:;8s::5::::s:::8s:8::s::8:s8::s5:s:s AAGTTTAAG
§) U16370-Babesia.divergens Y .V X €I I I WAV2X €
AF060976-Caryospora.bigen... - @i rroirrrrrrrrirrrrrrrrrrrrrnrrrrrrnrrrrrrrrrrrrrnnnr AAGTTTGAG
§) AF060975-Caryospora.bigen... & il iiiiirrrrriiiiiirorrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr o AAGTTTGAG
<) AY078092-Colpodella.pontica - - : ..l il illiliiliiiiiiiiiniiiiiiiiioiiiniinonioroiionn o AAGTTTGAG
iff AY142075-Colpodella.sp. D AV Y €l I B N ET2X €
5| AF112573-Cryptosporidium.... @il ioiililionriirrinrrn o in o nn o rrn o rnnrrnn oo AAGTTTGAG
<) AF112575-Crypto.felis N AV X CH I B R P-X€
AF112574-Crypto.meleagridis : :: ..o oooorrnnnnn oy rnnnnnnnrrrrrrrrr D AAGTTTTAG
§) AF112576-Crypto.parvum AAGTTTTAG
§) AF164102-Crypto.parvum Y VX CH I Nl X €
§| AF112571-Crypto.parvum I C 7AVAN €] Il I Y€
AF115377-Crypto.parvum I AVAY € I B N P2X €
AF112570-Crypto.parvum Y VX € I B I X €
AF112572-Crypto.parvum Y - VAN CR B R Y€
§) AF161859-Crypto.parvum M V N CA R R X ¢

§) AF161858-Crypto.parvum Cooliiiiiiiiiiiiiiiiiiiiiiiiiisiiiiiis s ACA G T T T T A G
30 11940 (1950 11960 11970 11980 11990 12

WGKRTKTMWYTTGCTTKATTKTAAWGCTTCTTAGAGGAACRRTGTGTGTSTAACACAAGGAAGTTTGAG



AF173605-Alligator.mississi... GCAATAAC : : AGGTC:

M59392-Heterodon.platyrhinosGCAATAAN :: ANGTC

M59400-Sceloporus.undulatus GCAATAA:

M59398-Trachemys.scripta

Ul6369-Babesia.odocoilei

Ul6370-Babesia.divergens
AF060976-Caryospora.bigen...
AF060975-Caryospora.bigen..

AYO078092-Colpodella.pontica

AY142075-Colpodella.sp.

AF112573-Cryptosporidium....

AF112575-Crypto.felis

AF112574-Crypto.meleagridis

AF112576-Crypto
AF164102-Crypto
AF112571-Crypto
AF115377-Crypto
AF112570-Crypto
AF112572-Crypto
AF161859-Crypto

AF161858-Crypto

.parvum
.parvum
.parvum
.parvum
.parvum
.parvum
.parvum

.parvum

GCAATAA: :
GCAATAA:
GCAATAA:
GCAATAA:
GCAATAA: :
GCAATAA:
GCAATAA:
GCAATAA: :
GCAATAA:
GCAATAA:
GCAATAA:
GCAATAA:
GCAATAA:
GCAATAA:
GCAATAA:
GCAATAA:
GCAATAA:
GCAATAA: :

Mo
GCAATAA

CAlI GTC

CAGGTC

CAGGTC

:CAGGTC:
:CAGGTC:
:CAGGTC:
:CAGGTC:
:CAGGTC:

CAGGTC
12010

. :CAGGTC:

:CAGGTC:
:CAGGTC:

Appendix C (cont.)

TGTGATGCCCTTAGATGTCCGGGGCTGCACGCGCGCTACACTGACTGGCTCAG

:TGTNATGCCCTTAGATGTCNNNNNCTGCACGNGCGCTNCACTGACTGGCTNAG
:CANGTC:

TGTGATGCCCTTAGATGTCCGGNGCTGCANGCGCGCTACACTGACTGGCTNAG

:TGTNATGCCCTTANATGTCCNNNNCTGCACGCGCGCTNCACTGACTGGCTNAG
:CAGGTC:

TGTGATGCCCTTAGATGTCCTGGGCTGCACGCGCGCTACACTGATGCATTCAT
TGTGATGCCCTTAGATGTCCTGGGCTGCACGCGCGCTACACTGATGCATTCAT
TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCACTCAA

TGTGTTGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCACTCAA
:CAGGTC:
:CAGGTC:

TGTGATGCCCTTAGATGTTCTGGGCCGCACGCGCGCTACACTGATGCAATAA:
TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCAATCAA

:TGTGATGCCCTTAGATGTCCTGGGCCGCGCGCGCGCTACACTGATGCATCCAT
:CAGGTC:
:CAGGTC:
:CAGGTC:
:CAGGTC:

TGTGATGCCCTTAGATGTCCTGGGCCGCGCGCGCGCTACACTGATGCATCCAT
TGTGATGCCCTTAGATGTCCTGGGCCGCGCGCGCGCTACACTGATGCATCCAT
TGTGATGCCCTTAGATGTCCTGGGCCGCGCGCGCGCTACACTGATGCATCCAT
TGTGATGCCCTTAGATGTCCTGGGCCGCGCGCGCGCTACACTGATGCATCCAT
TGTGATGCCCTTAGATGTCCTGGGCCGCGCGCGCGCTACACTGATGCATCCAT
TGTGATGCCCTTAGATGTCCTGGGCCGCGCGCGCGCTACACTGATGCATCCAT
TGTGATGCCCTTAGATGTCCTGGGCCGCGCGCGCGCTACACTGATGCATCCAT
TGTGATGCCCTTAGATGTCCTGGGCCGCGCGCGCGCTACACTGATGCATCCAT
TGTGATGCCCTTAGATGTCCTGGGCCGCGCGCGCGCTACACTGATGCATCCAT

:TGTGATGCCCTTAGATGTCCTGGGCCGCGCGCGCGCTACACTGATGCATCCAT

i2020 12030 12040 12050 i2060 T
TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCATCCAA:.

+ t+oeceeeteocee +
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Appendix C (cont.)

AF173605-Alligator.mississi... CGTGTGTCTACCCTACGCCG: ACAGGTGCGGG : : :
M59392-Heterodon.platyrhinosCGTNTGTCTACCCTACGCCG 1 ACAGGTGCGGG : : :

M59400-Sceloporus.undulatus
M59398-Trachemys.scripta

U16369-Babesia.odocoilei

U16370-Babesia.divergens
AF060976-Caryospora.bigen...
AF060975-Caryospora.bigen...
AY078092-Colpodella.pontica

AY142075-Colpodella.sp.

AF112573-Cryptosporidium....

AF112575-Crypto.felis
AF112574-Crypto.meleagridis CAAGTA : ATAA TCCTGTTTCG:

AF112576-Crypto
AF164102-Crypto
AF112571-Crypto
AF115377-Crypto
AF112570-Crypto
AF112572-Crypto
AF161859-Crypto

AF161858-Crypto

.parvum
.parvum
.parvum
.parvum
.parvum
.parvum
.parvum

.parvum

CGTGTGTCTACCCTACGCCG : ACAGGTGCGGG : =
CGTNTGTCTACCCTACGCCG : ACAGGTGCGGG: : ¢
CGAGTTT : TAT :CCCTG :CCCG:: e
CGAGTTT :TAT:CCCTT:CCCG: e
CGCGT : T: TATAACCTTGGCCG @t
CGAGT : T: TATAACCTTGGCCG : : i
CGAGTCCTTACCTTGCCTGAC @ttt

CGAGATGCTGATTC & @ o ovovs s s

CAAGTTAATTA :TCCTGTTTCG : : e

CAAGTATATTTATCCTGTTTCG & @i

CAAGTTTTTT:;;TCCTGTTTCG
CAAGTATATAT:TCCTGTTTCG
CAAGTATATAT:TCCTGTTTCG
CAAGTATATAT TCCTATTTCG
CAAGTATATAT:TCCTGTTTCG: @ @ oo nop i i s nn s nnn s

CAAGTATATAT TCCTGTTTCG: & ¢ ¢ s fox s st s s e e e

CAAGTATATAT:TCCTGTTTCG: 1t ::ft:ifi:iitiiiiiiiiiiiiiiiiiiiiiiiiiiiit;

CAAGTATATAT TCCTGTTTCG: & & : c ottt st s s s e

20170 12080 12090 12100 i2110 12120 12130
CGAGTTTATAT : TCCTTGGCCGYAGGTGCGGGGGYTWTGTCTMATAATWAARKMWASTA.AGTGSTKTWC

+

0o



Appendix C (cont.)

AF173605-Alligator.mississi... : .10 :TAACCCGTTGAACCCCATTCGTGATGGGGATCGGGGATTGCAATTAT
M59392-Heterodon.platyrhinos: : ::::::::::::::::::: :TNACCTGTTGAACCCCATTCGTGATGGGGATCGGGGATTGCAATTAT
M59400-Sceloporus.undulatus : :::::::::::::::::::: :TAACCNGTTGAACCCCATTCGTGANGGGGATCGGGGATTGCAATTAT
M59398-Trachemys.scripta coriiririiirororor sNNACCNGTTGAACCCCATTCGTGATGGGNATCGGGGATTGCAATTAT
Ul6369-Babesia.odocoilei crriiii AAAGGGCT : GGGTAATC :TTT : AG: TATGCAT : CGTGACGGGGATTGATTTTTGCAATTCT
U16370-Babesia.divergens i AAAGGGCT : GGGTAATC :TTT : AG: TATGCAT : CGTGACGGGGATTGATTTTTGCAATTCT
AF060976-Caryospora.bigen... ::::::: :GCAGGTCT : AGGTAATCTTCTGAG: TGTGCAT; CGTGATGGGGATAGATTATTGCAATTAT
AF060975-Caryospora.bigen... ::::::: GCAGGTCT : AGGTAATCTTCTGAG : TGTGCAT : CGTGATGGGGATAGATTATTGCAATTAT
AY078092-Colpodella.pontica ::::::::::: AACGTGGGTAATCTTCTG : AAATTGCAT : CGTGATGGGGATAGATTATTGCAATTAT
AY142075-Colpodella.sp. i GAAGGACTCGGCGGAACTTTTG : AAATTGCAT : CGTGACGGGGATAGATTATTGTAATTAT
AF112573-Cryptosporidium.... :::::::: AAGGAAATGGGTAATCTTTTGAA: TATGCAT :CGTGATGGGGATAGATCATTGCAATTAT
AF112575-Crypto.felis i AAGGAAATGGGTAATCTTTTGAA: TATGCAT : CGTGATGGGGATAGATCATTGCAATTAT
AF112574-Crypto.meleagridis :::::::: :AAGGAAATGGGTAATCTTTTGAA: TATGCAT : CGTGATGGGGATAGATCATTGCAATTAT
AF112576-Crypto.parvum rrriiiir AAGGAAATGGGTAATCTTTTGAA: TATGCAT : CGTGATGGGGATAGATCATTGCAATTAT
AF1 641 02-Crypto.parvum crririit AAGGAAATGGGTAATCTTTTGAA: TATGCAT : CGTGATGGGGATAGATCATTGCAATTAT
AF112571 -Crypto.parvum crrriiir AAGGAAATGGGTAATCTTTTGAA: TATGCAT : CGTGATGGGGATAGATCATTGCAATTAT
AF115377-Crypto.parvum criiiiir AAGGAAATGGGTAATCTTTTGAA: TATGCAT : CGTGATGGGGATAGATCATTGCAATTAT
AF112570-Crypto.parvum crriiiit AAGGAAATGGGTAATCTTTTGAA: TATGCAT : CGTGATGGGGATAGATCATTGCAATTAT
AF112572-Crypto.parvum ciriiii AAGGAAATGGGTAATCTTTTGAA: TATGCAT : CGTGATGGGGATAGATCATTGCAATTAT
AF1 61859-Crypto.parvum crriiii AAGGAAATGGGTAATCTTTTGAA: TATGCAT : CGTGATGGGGATAGATCATTGCAATTAT
AF1 61858-Crypto.parvum ciriiii AAGGAAATGGGTAATCTTTTGAA: TATGCAT : CGTGATGGGGATAGATCATTGCAATTAT
12140 12150 12160 12170 12180 12190 12200

CKASAYTGAAAGGWCT: GGGTAATCTTTTGAG: TATGCAT:CGTGATGGGGATAGATTATTGCAATTAT



AF173605-Alligator.mississi... TCCCCA
M59392-Heterodon.platyrhinosTCCCTA

M59400-Sceloporus.undulatus TCCCNA

M59398-Trachemys.scripta
Ul6369-Babesia.odocoile

1116370-Babesia.divergens

AF060976-Caryospora.bigen..
AF060975-Caryospora.bigen...

AY078092-Colpodella.pontica

AY142075-Colpodella.sp.

AF112573-Cryptosporidium ...

AF112575-Crypto.felis

AF112574-Crypto.meleagridis

AF112576-Crypto.parvum
AF164102-Crypto.parvum
AF112571-Crypto.parvum
AF115377-Crypto.parvum
AF112570-Crypto.parvum
AF112572-Crypto.parvum
AF161859-Crypto.parvum

AF161858-Crypto.parvum

TCCCNA
AAATCA
AAATCA
TAATCT
TAATCT
TAATCT
TAATCT
TGATCT
TGATCT
TGATCT
TGATCT
TGATCT
TGATCT
TGATCT
TGATCT
TGATCT
TGATCT
TGATCT

12210
TAATCT:

TGAACGAGG
TGAACGAGG
TNAACGAGG
T JAACGAI G
TGAACGAGG
TGAACGAGG:
TCAACGGGG:

TCAACGAGG:

TCAACGAGG

TTAACGAGG
TTAACGAGG
TGAACGAGG
TGAACGAGG
TGAACGAGG
TGAACGAGG
TGAACGAGG
TGAACGAGG
TGAACGAGG
TGAACGAGG
TGAACGAGG

12220
TGAACGAGG

. LI

Appendix C (cont.)

AATTCCCAGTAAGTGCGGGTC ATAAGCTCGCGT

AATTCCCAGTAAGTGCGGGTCATAAGCTNGCGT

AATTCCCAGTAAGTGCGGGTCATAAGCTCGCGT

:AATTCCCAGTAAGTGCGGGTCATAAGCTI G T

AATGCCTAGTATGCGCAAGTCATCAGCTTGTGC
AATGCCTAGTATGCGCAAGTCATCAGCTTGTGC
AATGCCTAGTAGGCGCAAGTCAGCAGCTTGCGC
AATGCCTAGTAGGCGCAAGTCAGCAGCTTGCGC

AATTCCTAGTAAGCGCAAGTCATCAGCTAGTGC
TCAACGAGG:

AATTCCTAGTAGGTGCAAGTCATCAGCTTGCGC
AATTCCTAGTAAGCGCAAGTCATCAGCTTGCGC
AATTCCTAGTAAGCGCAAGTCATCAGCTTGCGC
AATTCCTAGTAAGCGCAAGTCATCAGCTTGCGC
AATTCCTAGTAAGCGCAAGTCATCAGCTTGCGC
AATTCCTAGTAAGCGCAAGTCATCAGCTTGCGC
AATTCCTAGTAAGCGCAAGTCATCAGCTTGCGC
AATTCCTAGTAAGCGCAAGTCATCAGCTTGCGC
AATTCCTAGTAAGCGCAAGTCATCAGCTTGCGC
AATTCCTAGTAAGCGCAAGTCATCAGCTTGCGC
AATTCCTAGTAAGCGCAAGTCATCAGCTTGCGC
AATTCCTAGTAAGCGCAAGTCATCAGCTTGCGC

12230 12240 12250
AATTCCTAGTAAGCGCAAGTCATCAGCTTGCGC

TGATTAAGTCCCTGCCCT
TGATTNNGTCCCTNCNNT
TGATTNNGTCCCTGCCCT
TGATTI NGTCCCTNCNNT
AGATTACGTCCCTGCCCT
AGATTACGTCCCTGCCCT
CGATTACGTCCCTGCCCT
CGATTACGTCCCTGCCCT
TGATTACGTCCCTGCCCT
CGATTACGTCCCTGCCCT
TGATTACGTCCCTGCCCT
TGATTACGTCCCTGCCCT
TGATTACGTCCCTGCCCT
TGATTACGTCCCTGCCCT
TGATTACGTCCCTGCCCT
TGATTACGTCCCTGCCCT
TGATTACGTCCCTGCCCT
TGATTACGTCCCTGCCCT
TGATTACGTCCCTGCCCT
TGATTACGTCCCTGCCCT
TGATTACGTCCCTGCCCT

{2260 i2270
TGATTACGTCCCTGCCCT

+eo o+te



Appendix C (cont.)

9) AF173605-Alligator.mississi... TTGTACACACCGCCCGTCGCTACTACCGATTGGATGGTTTAGTGAGGTCCTCGGATCGGCCCCGCCGGG

,Jg) M59392-Heterodon.platyrhinosTTGTACACACCTNNNNTNGCTACTACCGATTGGATGGTTTAGTGAGGTNCTTGGATNGGCCCTGNCGGG

~g) M59400-Sceloporus.undulatus TTGTACACACCTCNNNTCGCTACTACCGATTGGATGGTTTAGTGAGGTCCTCGGATNGGCCCCGCCGGG

n

M59398-Trachemys.scripta TTGTACACACC INNNI-TCGCTACTACCGATTGGATGGTTTAGTGAGGTCCTCGGATCGGCCCTGCCGGG
Uu16369-Babesia.odocoilei TTGTACACACCGCCCGTCGCTCCTACCGATCGAGTGATCCGGTGAATTATTCGGAC CGTGGCTTTTCC
Ul6370-Babesia.divergens TTGTACACACCGCCCGTCGCTCCTACCGATCGAGTGATCCGGTGAATTATTCGGAC :CGTG :: :SCCTT
AF060976-Caryospora.bigen... TTGTACACACCGCCCGTCGCTGCAACCGATCGGAGGGTCCTGTGAACTCATCGGA: :C: TGACCTGCTT
AF060975-Caryospora.bigen... TTGTACACACCGCCCGTCGCTGCAACCGATCGGAGGGTCCTGTGAACTCATCGGA: :C: TGACCTGCTT
AYO078092-Colpodella.pontica TTGTACACACCGCCCGTCGCTCCTACCGATTGAGTGATCCGGTGAATTATTTGGACCAAGGCGTCGGGT
AY142075-Colpodella.sp. TTGTACACACCGCCCGTCGCTCCTACCGATTGAGTGTTGAGGTGAGCTATTCGGACT :G:GGTTCTGGT
AF112573-Cryptosporidium.... TTGTACACACCGCCCGTCGCTCCTACCGATTGAATGATCCGGTGAATTATTCGGAC :CAT :ACT :T: ;T
AF112575-Crypto.felis TTGTACACACCGCCCGTCGCTCCTACCGATTGAATGATCCGGTGAATTATTCGGAC CAT :ACA:A T

AF112574-Crypto.meleagridis TTGTACACACCGCCCGTCGCTCCTACCGATTGAATGATCCGGTGAATTATTCGGAC CAT :ACT T T

AF112576-Crypto.parvum TTGTACACACCGCCCGTCGCTCCTACCGATTGAATGATCCGGTGAATTATTCGGAC CAT :ACG T ::T
AF164102-Crypto.parvum TTGTACACACCGCCCGTCGCTCCTACCGATTGAATGATCCGGTGAATTATTCGGAC CAT:ACT:T::T
AF112571 -Crypto.parvum TTGTACACACCGCCCGTCGCTCCTACCGATTGAATGATCCGGTGAATTATTCGGAC CAT:ACT:T ::T
AF115377-Crypto.parvum TTGTACACACCGCCCGTCGCTCCTACCGATTGAATGATCCGGTGAATTATTCGGAC:CAT:ACT:T::T
AF112570-Crypto.parvum TTGTACACACCGCCCGTCGCTCCTACCGATTGAATGATCCGGTGAATTATTCGGAC:CAT:ACT:T ;T
AF112572-Crypto.parvum TTGTACACACCGCCCGTCGCTCCTACCGATTGAATGATCCGGTGAATTATTCGGAC CAT:ACT!T: T
AF161859-Crypto.parvum TTGTACACACCGCCCGTCGCTCCTACCGATTGAATGATCCGGTGAATTATTCGGAC CAT:ACT:T::T
AF161858-Crypto.parvum TTGTACACACCGCCCGTCGCTCCTACCGATTGAATGATCCGGTGAATTATTCGGAC:CAT:ACT:T T
12280 12290 12300 12310 12320 12330 12340

TTGTACACACCGCCCGTCGCTCCTACCGATTGAATGATCCGGTGAATTATTCGGAC:CATGACT:T::T-

o ++++



Appendix C (cont.)

g) AF173605-Alligator.mississi... GTCGGTCACGGCCCTGGCGGAGCGCCGAGAAGACGGTCGAACTTGACTATCTAGAGGAAGTAAA

D M59392-Heterodon.platyrhinosGTTGGCCTNGGCCCTNNNNNNGCGCCGAGAAGACGGTNGAACNNNACTATCTAGAGGAAG

g) M59400-Sceloporus.undulatus GTCGNCCTCGGCCCNNNNNNAGCGCCGAGAAGACGGTCGAACTNNACTATCTAGAGGAAG

U M59398-Trachemys.scripta

D Ul6369-Babesia.odocoilei

D U16370-Babesia.divergens
| AF060976-Caryospora.bigen...
U AF060975-Caryospora.bigen...

D AY078092-Colpodella.pontica

g) AY142075-Colpodella.sp.

gj AFl12573-Cryptosporidium....

g) AFl12575-Crypto.felis

g) AFl112574-Crypto.meleagridis

g) AF112576-Crypto
g) AFl64102-Crypto
g) AF112571 -Crypto
g) AF115377-Crypto
g) AFll12570-Crypto
g) AFll12572-Crypto
g) AF1l61859-Crypto

g) AFle61858-Crypto

.parvum
.parvum
.parvum
.parvum
.parvum
.parvum
.parvum

.parvum

GTCGGTC iCGGCCCT GTNGAGCGCCGAGAAGACGGTCGAACMN“ACTATCTAGAGGAAG

GA:TT .: CGTC GGTTTTGCCTAGGGAAGTCTCGTGAACCTTATCACTT A:AAGGAAGGAGAA :GTC
TCCGA: TTCGTC :GGCTTGGCCTAGGGAAGTCTTGTGAACCTTATCACTT A AAGGAAGGAGAA :GTC
CT:CTAA: ssss:GTTGCTG :GTCGGAAAGTTGCGTAAATAGAGCCCTCT A:AAGGATGCAAAA :GTC
CTrCTAC: :::::GTCGCTG:GTCGGAAAGTTGCGTAAATAGAGCCCTCT A:AAGGATGCAAAA :GTC
CATACT: ::::::: :GACTGCCATGGGAAGTTTTGTGAACCTTATCACTT A :GAGGAAGGAGAA :GTC
TTAATAGCCAGTTTCT ::::::: :GGAAAGTCTCGCGAACCTTTACACTT A:GAGGAAGGAGAA ::GTC
G T: AG:CAATACATGT:AAGGAAAGTTTCGTAAACCTTATCTCTT A :GAGGAAGGAGAA :GTC
G T : AG:CAATACATGT:AAGGAAAGTTTCGTAAACCTTATCATTT A :GAGGAAGGAGAA :GTC
G T » AG CAATACATGT:AAGGAAAGTTTCGTAAACCTTATCATTT A :GAGGAAGGAGAA :GTC
G T: AG:CAATACATGT:AGGGAAAGTTTCGTAAACCTTATCTCTT A :GAGGAAGGAGAA :GTC
G T G CAATACATGT:AAGGAAAGTTTCGTAAACCTTATCATTT A :GAGGAAGGAGAA :GTC
G T AG:CAATACATGT:AAGGAAAGTTTCGTAAACCTTATCATTT A :GAGGAAGGAGAA :GTC
G T G CAATACATGT:AAGGAAAGTTTCGTAAACCTTATCATTT A :GAGGAAGGAGAA :GTC
G T G CAATACATGT:AAGGAAAGTTTCGTAAACCTTATCATTT A :GAGGAAGGAGAA :GTC
G T AG CAATACATGT:AAGGAAAGTTTCGTAAACCTTATCTCTT A :GAGGAAGGAGAA :GTC
G T G CAATACATGT:AAGGAAAGTTTCGTAAACCTTATCATTT A:GAGGAAGGAGAA :GTC
G T AG:CAATACATGT:AAGGAAAGTTTCGTAAACCTTATCATTT A :G GG GG GA :GTC

12350 2360 12370 12380 12390 2400 12410

G::T::::AG:CAGTACATGT: AAGGAAAGTTTCGTAAACCTTATCATTT:A:GAGGAAGG GAA:GTC



Appendix C (cont.)

AF173605-Alligator, mississi...
M59392-Heterodon.platyrhinos
M59400-Sceloporus.undulatus

M59398-Trachemys.scripta

Ul6369-Babesia.odocoilei T ::: AACAAGGTTTCCGTAGGTGAACCTGC:
U16370-Babesia.divergens :T::: AACAAGGTTTCCGTAGGTGAACCTGC:
AF060976-Caryospora.bigen... T AACACGGTTT
AF060975-Caryospora.bigen... T:: AACACGGTTT
AYO078092-Colpodella.pontica :T::: AACAAGGTTTCTGTAGGTGAACCTGC:
AY142075-Colpodella.sp. :T::: AACAAGGTTCCCGTAGGTGAACCTGC:

AF112573-Cryptosporidium....

O O 06 60 06 0 0 06 0 606 606 606 606 60 60 O 6

AF112575-Crypto.felis 'T:::AACAAGGTTTCCGTAGGTGAACCTGC:
AF112574-Crypto.meleagridis G :T :: :AACAAGGTTTCCGTAGGTGAACCTGC:
AF112576-Crypto.parvum T ::: AACAAGGTTTCCGTAGGTGAACCTGC:
AF164102-Crypto.parvum T ::: AACAAGGTTTCCGTAGGTGAACCTGC:
AF112571 -Crypto, parvum :T:: :AACAAGGTTTCCGTAGGTGAACCTGC:
AF115377-Crypto.parvum ‘T ::: AACAAGGTTTCCGTAGGTGAACCTGC:
AF112570-Crypto.parvum :T:: .-AACAAGGTTTCCGTAGGTGAACCTGC:
AF112572-Crypto.parvum :T:: :AACAAGGTTTCCGTAGGTGAACCTGC:
AF161859-Crypto.parvum :T:: :AACAAGGTTTCCGTAGGTGAACCTGC
AF161858-Crypto.parvum ‘T :: :AACAAGGTTTCCGTAGGTGAACCTGC:
12420 12430 12440
G:T::: AACAAGGTTTCCGTAGGTGAACCTGC

:AGAAGGATC

: AGAAGGATC

: AGAAGG

:AGAAGGATCAA

T :: AACAAGGTTTCCGTAGGTGAACCTGC::AGAAGGATCA

AGAAGGATCA
:AGAAGGATCA
:AGAAGGATCA
: GGAAGGATCA
:AGAAGGATCA
:AGAAGGATCA
:AGAAGGATCA
AGAAGGATCA
:G:GAAGGATCA

GGAAGGATCA

12450 12460
:: AGAAGGATCAWTC



Appendix C (cont.)

L25642-Crypto.parvum AGTCATAT
AACCTGGTTGATCCTGCCAGTAGTCATAT
AACCTGGTTGATCCTGCCAGTAGTCATAT
AACCTGGTTGATCCTGCCAGTAGTCATAT

AF111187-Cyclospora.papionisAACCTGGTTGATCCTGCCAGTA.GTCATAT

AF112569-Crypto.parvum
AF115378-Crypto.wrair
AF111186-Cyclospora.COlobi
L19080-Cytauxzoon.felis AACCTGGTTGATCCTGCCAGTAGTCATAT
AF531418-Cytauxzoon.sp.
AF080614-Eimeria.falciformis

AY028972-Eimeria.weybridg...

X65163-Entamoeba.histolytica TATCTGGTTGATCCTGCCAGTA :TTATAT :

X89636-Entamoeba.histolytica
L31799-Gregarina.caledia

L31841 -Gregarina.chortiocetes
AH008381 -Hammondia.hamm..
MF5494-Haemogregarina.sp.(...
MF5499-Haemogregarina.sp.(...
MF5502-Haemogregarina.sp.(...
MF5510-Haemogregarina.sp.(...
MF5511-Haemogregarina.sp.(...
MF5518-Haemogregarina.sp.(...
MF5796-Haemogregarina.sp.(...

TI

Ho 120

ATCTGGTTGATCCTGCCAGTAGTCATAT :

GTCATAT:

TAGTCATAT:

GCTTGTC:

GCTTGTC
GCTTGTC

GCTTGTC:
GCTTGTC:
GCTTGTC:

:GCTTGTC:
:GCTTGTC

:GCTTGTC:

130

TCAAAGAT

:TCAAAGAT

TCAAAGAT

:TCAAAGAT
:GCT:GATGTTAAAGAT:

TTAAAGAT

i40

:TAA:GCCAT:
:TAA:GCCAT
:TCAAAGAT:
TCAAAGAT:
TCAAAGAT:
TTAAAGAT:

TAA:GCCAT

TAA:GCCAT:
TAA:GCCAT

:TAA:GCCAT:
:TAA:GCCAT

:TAA:GCCAT

150

GCATGTCTAAG

:GCATGTCTAAG
:GCATGTCTAAG
TAA:GCCAT

GCATGTCTAAG
GCATGTCTAAG
GCATGTCTAAG

GCATGTCTAAG

:GCATGTCTAAG
TAA:GCCAT:

GCATGTGTAAG

:GCATGTCTAAG

T60

AACCTGGTTGATCCTGCCAGTAGTCATAT: : GCTTGTC: TCAAAGAT: TAA:GCCAT: GCATGTCTAAG

L) + +

eooet -+ teoe

+



Appendix C (cont.)

L25642-Crypto.parvum . TATAASACTTTT:ATACG: :::: G:TTAAACTGCGAATGGCTCATTATAACAGTTATAGTTTACTT
AF112569-Crypto.parvum . TATAAA:CTTTT:ATACG: : ::: G:TTAAACTGCGAATGGCTCATTATAACAGTTATAGTTTACTT
AF115378-Crypto.wrairi . TATAAA:CTTTT:ATACG: : ::: G:TTAAACTGCGAATGGCTCATTATAACAGTTATAGTTTACTT
AF111186-Cyclospora.colobi : TATAAIGCTTTT:ATACG: :::::G:TGAAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT
AF111187-Cyclospora.papionis : TATAA:GCTTTT:ATACG: :::: G:TGAAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT
L19080-Cytauxzoon.felis . TATAA:GCTTTT:ATATG: :::: :G: TGAAACTGCGAATGGCTCATTAAAACAGNTATAATTTATTT
AF531418-Cytauxzoon.sp.

AF080614-Eimeria.falciformis : TATAA:GCTTTT:ATACG: :::: G:TGAAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT
AY028972-Eimeria.weybridg... : TATAA:GCTTTT:ATACG: : : :: G:TGAAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT
X65163-Entamoeba.histolytica : TATAAAGACCAAG:TA:G::::: :GATGAAACTGCGGACGGCTCATTATAACAGTAATAGTTTCTTT

X89636-Entamoeba. histolytica

L31799-Gregarina.caledia

L31841 -Gregarina.chortiocetes

AHO008381-Hammondia.hamm... : TATAA:GCTTTT:ATACG: :::: :GCT: AAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT
MF5494-Haemogregarina.sp.(...

MF5499-Haemogregarina.sp.(...

MF5502-Haemogregarina.sp.(...

MF5510-Haemogregarina.sp.(...

MF5511-Haemogregarina.sp.(...

MF5518-Haemogregarina.sp.(...

MF5796-Haemogregarina.sp.(...

T70 180 190 1Too filo H 20 filo
: TATAA:GCTTTT:ATACG: :::::G: TGAAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT.

oo oo ++4++ e o eotoe



Appendix C (cont.)

L25642-Crypto.parvum GAT:AATCTTT:::: ACTTACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCGA
AF112569-Crypto.parvum GAT:AATCTTTT::: ACTTACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCGA
AF115378-Crypto.wrairi GAT:AATCTTT:::: ACTTACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCGA
AF111186-Cyclospora.colobi GAT:GGTCTCT:T:T 1 T:ACATGGATAACCATGGTAATTCTATGGCTAATACATGCGC
AF111187-Cyclospora.papionisGAT : GGTCTCTTT i T:ACATGGATAACCATGGTAATTCTATGGCTAATACATGCGC
L19080-Cytauxzoon.felis GAT :ATTCGTTT :CT:ACATGGATAACCGTGCTAATTGTAGGGCTAATACATGTTC

AF531418-Cytauxzoon.sp.

AF080614-Eimeria.falciformis GAT :GGTCACTTT ::::::::::::: :T:ACATGGATAACCATGGTAATTCTATGGCTAATACATGCGC
AY028972-Eimeria.weybridg... GAT :GGTCTCTTC : ::::::::::: :CT:ACATGGATAACCATGGTAATTCTATGGCTAATACATGCGC
X65163-Entamoeba.histolytica GGTTAGTAAAATACAAGGATAGCTTTGTGAATG: : ATAAA: ::: GA::::::::: :TAATACTTGA: :

X89636-Entamoeba. histolytica

L31799-Gregarina.caledia

L31841 -Gregarina.chortiocetes

AHO008381-Hammondia.hamm... GAT :GGTCTTT : :::::::::::: ACT : ACATGGATAACCGTGGTAATTCTATGGCTAATACATGCGC
MF5494-Haemogregarina.sp.(...

MF5499-Haemogregarina.sp.(...

MF5502-Haemogregarina.sp.(...

MF5510-Haemogregarina.sp.(...

MF5511-Haemogregarina.sp.(...

MF5518-Haemogregarma.sp.(...

MF5796-Haemogregarina.sp.(...

1140 1150 IT60 fl70 i180 1190 1ITOO
GAT:GGTCTTTTTSTAKGAWAGYYTACT: ACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCGC

+oeco0co0cocccccee ° ° (X} 000000000 000000000 |oeo0ccooe eet+eoe Jeccccoe



Appendix C (cont.)

L25642-Crypto.parvum AAAAACTCGACTTTAT: : :::::GGAAGGGTTGTATTTATTAGA: TAA:AGAACC:AATA:

AF112569-Crypto.parvum AAAAACTCGACTTTAT: : :::::GGAAGGGTTGTATTTATTAGA: TAA:AGAACC:AATA: 11111
AF115378-Crypto.wrairi AAAGGCCCGACTTTAT : : :::::GGAAGGGTTGTATTTATTAGA: TAA:AGAACC:AATA:

AF111186-Cyclospora.colobi ACAGGTCTCCTTCTTT: : ::::: GGAGGGGCCGTGTTTATTAGA: TAC:AAAACC:AACCCAC:TTT:
AF111187-Cyclospora.papionisACAGGTCTCCTTCTTT :: ::::: GGAGGGGCCGTGTTTATTAGA: TAC: AAAACC:AACCCAC:TTT:
L19080-Cytauxzoon.felis GAGACCTATTTTTAATA: :::::GGTGGC:::::GTTTATTAGACCTT:AAA:CC:ATCCCGCTTCGG
AF531418-Cytauxzoon.sp. GTTTATTAGACCCC: AAA:CC:ATCCCGCTTCGG
AF080614-Eimeria.falciformis ACTCGCCTCCTTTTCT:: :::::GGAGGGGCTGTGTTTATTAGA: TAC:AAAACC:AACCCACTTT::
AY028972-Eimeria.weybridg... AAATGCCTCCTTCTCT:: :::::GGAGGGGCTGTGTTTATTAGA: TAC: AAAACC:AACCCACTTT::
X65163-Entamoeba.histolytica : : :G:AC: ::::G::A:T CC::A:::::::GTTTG:: TATTAGTACAAAATGGCCAATTCATTC: AAT

X89636-Entamoeba. histolytica

L31799-Gregarina.caledia

L31841 -Gregarina.chortiocetes

AHO008381-Hammondia.hamm... ACAT:GCCTCTTCCTCT GGAAGGGCAGTGTTTATTAGA: TAC: AGAACCAACCCACCTTC:C
MF5494-Haemogregarina.sp.(...

MF5499-Haemogregarina.sp.(...

MF5502-Haemogregarina.sp.(...

MF5510-Haemogregarina.sp.(...

MF5511-Haemogregarina.sp.(...

MF5518-Haemogregarina.sp.(...

MF5796-Haemogregarina.sp.(...

1210 1220 1210 Nro 1250 nro itto

AAAAACCCTACTTTTT 1 GGAAGGGTTGTRTTTATTAGA: TAC: AGAACCAAACCACCTTTTT



Appendix C (cont.)

L25642-Crypto.parvum HE rororonorrorornnnn TAATGGTGACTCATAATAA:CTTTA:CGGA: TCACA:TTAA: ::
AF112569-Crypto.parvum ool crrrrrrrrrrr i TAATTGGTGACTCATAATAA:CTTTAC GGA:TCACAATTAA: @
AF115378-Crypto.wrairi P crrrrrrr i i TAATTGGTGACTCATAATAACTTTA:CGGA: TCACA: :TAAAT:
AF111186-Cyclospora.colobi oo crirriii 1 GTGGAGCCTTGGTGATTCATAGTAA:C:CGAACGGA:TCGCAG:TTGGCT
AF111187-Cyclospora.papionis : :::::: i GTGGAGCCTTGGTGATTCATAGTAA:C:CGAACGGA: TCGCAG TTGGCT
L19080-Cytauxzoon.felis CGG:::: :t:r:rrrrrrrrrrrr TATATCGGTGATTCATAATAAA: : :TATGCGAATCGCAT: :TG:CT
AF531418-Cytauxzoon.sp. CGG:::: Dl it i TACCTTCGGTGATTCATAATAAA: : :TACGCGAATCGCA: : : TGGCT
AF080614-Eimeria.falciformis ::::::: rirririir GTGGAGTCTGGGTGATTCATAGTAA: C:CGAACGGA: TCGCAG TTGGCT
AY028972-Eimeria.weybridg... ::::::: i :GTGGAGTCCTGGTGATTCATAGTAA:C:CGAACGGA: TCGCAA:TTGGCT
X65163-Entamoeba.histolytica GAATTGA GAAATG:ACA: :::: :TTCTAAGTGAGTTAGGATGCCACGACAATTG: TAGAACACACA:G

X89636-Entamoeba. histolytica

L31799-Gregarina.caledia

L31841 -Gregarina.chortiocetes

AHO008381-Hammondia.hamm... ::::::: GGTGGTCCTCAGGTGATTCATAGTAA:C: CGAACGGA: TCGCG:TT:GACT
MF5494-Haemogregarina.sp.(...

MF5499-Haemogregarina.sp.(...

MF5502-Haemogregarina.sp.(...

MF5510-Haemogregarina.sp.(...

MF5511-Haemogregarina.sp.(...

MF5518-Haemogregarina.sp.(...

MF5796-Haemogregarina.sp.(...

1280 1790 1300 ITTO 1320 1330 T340
ACAHWGATSWGGGCTCGCGGTGGATWTTTGGTGATTCATAATAA:CTCGAACGGA: TCGCATTTTGGCT



Appendix C (cont.)

L25642-Crypto.parvum o TGTG
AF112569-Crypto.parvum i T TGTG
AF115378-Crypto.wrairi o TGTG

AF111186-Cyclospora.colobi T:CGGCCCGCG
AF111187-Cyclospora.papionisTTTG: CCCGCG
L19080-Cytauxzoon.felis TTATGCTGGCG
AF531418-Cytauxzoon.sp. TT: :GCCGGCG
AF080614-Eimeria.falciformis T:CGGCCCGCG
AY028972-Eimeria.weybridg... T: CGGCCCGCG
X65163-Entamoeba.histolytica TGTTTAACAAGTAACCAATGAGAA
X89636-Entamoeba. histolytica

L31799-Gregarina.caledia

L31841 -Gregarina.chortiocetes

AH008381 -Hammondia.hamm... T: CGGTCTGCG: ::::::::::::
MF5494-Haemogregarina.sp.(..

MF5499-Haemogregarina.sp.(..

MF5502-Haemogregarina.sp.(..

MF5510-Haemogregarina.sp.(..

MF5511-Haemogregarina.sp.(..

MF5518-Haemogregarina.sp.(..

MF5796-Haemogregarina.sp.(..

1350 1360

ITfO

ACATATCATTC:
ACATATCATTC:
ACATATCATTC:
ATGGATCATTC:
ATGGATCATTC:
ATGTATCATTC:
ATGTATCATTC:
ATATATCTTTC:

ATAGATCTTTC:

ACGGATCATTC:

1380

AAG:
AAG:
AAG:
AAG:
AAG:
AAG:

AAG:

AAG:

TTTCTGACCTATCAGCTTTAGACGG
TTTCTGACCTATCAGCTTTAGACGG
TTTCTGACCTATCAGCTTTAGACGG
TTTCTGACCTATCAGCTTTCGACGG
TTTCTGACCTATCAGCTTTCGACGG
TTTCTGACCTATCAGCTTTCGACGG

TTTCTGACCTATCAGCTTTCGACGG

:TTTCTGACCTATCAGCTTTCGACGG

TTTCTGACCTATCAGCTTTCGACGG

TTTCTGATCTATCAATCAG: : TTGG

TTTCTGACCTATCAGCTTTCGACGG

T390 ITOO 1410

T:CGG:CTGCGCMRC: : TT:GGCTGGCGATATATCATTC:AAG: TTTCTGACCTATCAGCTTTCGACGG

+

to



Appendix C (cont.)

L25642-Crypto.parvum TAGGGTATTGG: : : CCTACC ::GTGG CAATGACGGGTAACGGGGAATTAGGG
AF112569-Crypto.parvum TAGGGTATTGG: : : CCTACC ::GTGG CAATGACGGGTAACGGGGAATTAGGG
AF115378-Crypto.wrairi TAGGGTATTGG: : : CCTACC :: GTGG CAATGACGGGTAACGGGGAATTAGGG
AF111186-Cyclospora.colobi TA.GGGTATTGG: : : CCTACC: : GTGG CAGTGACGGGTAACGGGGAATTAGGG
AF111187-Cyclospora.papionisTAGGGTATTGG: : : CCTACC: : GTGG CAGTGACGGGTAACGGGGAATTAGGG
L19080-Cytauxzoon.felis TAGGGTATTGG: : : CCTACC :: GGGG CAGCGACGGGTAACGGGGAATTAGGG
AF531418-Cytauxzoon.sp. TAGGGTATTGG: : : CCTACC :: GGGG CAGCG: CGGGTAACGGGGAATTAGGG
AF080614-Eimeria.falciformis TAGGGTATTGG: : : CCTACC: :GTGG CAGTGACGGGTAACGGGGAATTA: GG
AY028972-Eimeria.weybridg... TAGGGTATTGG: : : CCTACC: : GTGG CAGTGACGGGTAACGGGGAATTAGGG
X65163-Entamoeba.histolytica TA: : GTATCGAGG: ACTACCAAGA: : TTATAACGGATAACGAGGAATTGGGG

X89636-Entamoeba. histolytica

L31799-Gregarina.caledia

L31841 -Gregarina.chortiocetes

AH008381-Hammondia.hamm... TACTGTATTGG: :ACTACC::GTGG CAGTGACGGGTAACGGGGAATTAGGG
MF5494-Haemogregarina.sp.(

MF5499-Haemogregarina.sp.(

MF5502-Haemogregarina.sp.(

MF5510-Haemogregarina.sp.(

MF5511-Haemogregarina.sp.(

MF5518-Haemogregarina.sp.(

MF5796-Haemogregarina.sp.(

1420 1430 1440 1450 1460 fTTo fT80
TAGGGTATTGG:: : CCTACC::GTGGCATTGTCCTATTCGTGGCAGTGACGGGTAACGGGGAATTAGGG



Appendix C (cont.)

L25642-Crypto.parvum TTCGATTCCGGAG GGGAGCCTGAGAAACGGCTACCACATCTA, GGAAGGCAGCA
AF112569-Crypto.parvum TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA
AF115378-Crypto.wrairi TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA

AF111186-Cyclospora.eolobi TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA
AF111187-Cyclospora.papionisTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA
L19080-Cytauxzoon.felis TTCGATTCCGGAGAGGGAGCCTGAGAAATGGCTACCACATCTAAGGAAGGCAGCA
AF531418-Cytauxzoon.sp. TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA
AF080614-Eimeria.falciformis TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA
AY028972-Eimeria.weybridg... TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA
X65163-Entamoeba.histolytica TTCGACATCGGAGAGGGAGCTTTACAGATGGCTACCACTTCTAAGGAAGGCAGCA
X89636-Entamoeba. histolytica

L31799-Gregarina.caledia

L31841 -Gregarina.chortiocetes

AHO008381 -Hammondia.hamm... TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA
MF5494-Haemogregarina.sp.(...

MF5499-Haemogregarina.sp.(...

MF5502-Haemogregarina.sp.(...

MF5510-Haemogregarina.sp.(...

MF5511-Haemogregarina.sp.(...

MF5518-Haemogregarina.sp.(...

MF5796-Haemogregarina.sp.(...

1"490 1500 1510 1520 1530

1540

GGCG

GGCG

GGCG

GGCG

GGCG

GGCG

GGCG

GGCG

GGCG

GGCG

GGCG

T55

TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCATATAGCAGCAGGCG

) ee o4 * + . o+ . . eee + oo + ecece ° . + oo



Appendix

L25642-Crypto.parvum CGCAAATTACCCAATC : TAATACA:
AF112569-Crypto.parvum CGCAAATTACCCAATCCTAATACA :
AF115378-Crypto.wrairi CGCAAATTACCCAATCCTAATACA:

AF111186-Cyclospora.colobi CGCAAATTACCCAATGAAAACAGTTTC :

AF111187-Cyclospora.papionisCGCAAATTACCCAATGAAAACAGTTTC :

L19080-Cytauxzoon.felis CGTAAATTACCCAATCCTAACACA:

AF531418-Cytauxzoon.sp. CGCAAATTACCCAATCCTGACACA :

AF080614-Eimeria.falciformis CGCAAATTACCCAATGAAAACAGCTTC :

AY028972-Eimeria.weybridg... CGCAAATTACCCAATGAAAACAGTTTC : :

C (cont.)

::GGGAGGTAGTGACAAGAAA

::GGGAGGTAGTGACAAGAAA

::GGGAGGTAGTGACAAGAAA

: :GAGGTAGTGACGAGAAA

1 :GGGAGGTAGTGACAAGAAA

1 ::GGGAGGTAGTGACAAGAAA

1 GAGGTAGTGACGAGAAA

:GAGGTAGTGACGAGAAA

. :GAGGTAGTGACGAGAAA :

:TAACAATACA:GGACTTTTT
:TAACAATACA :GGACTTTTT
:TAACAATACA :GGACTTTTT
TAACAAT- CAGGGCATTTAAT
:TAACAATACAGGGCATTTAAT
:TAACAATACGAGGCTTAAA : G
:TAACAATACG G:TCTTAAAG
:TAACAATACAGGGCATTTTTT

:TAACAATACAGGGCATTTTAT

X65163-Entamoeba.histolytica CGTAAATTACCCACTTTCGAATT ::: :GAAGAGGTAGTGACG :ACACATAACTCTA :GAGTTGAGTAAA

X89636-Entamoeba. histolytica
L31799-Gregarina.caledia

L31841 -Gregarina.chortiocetes

AH008381 -Hammondia.hamm... CGCAAATTACCCAATCCT ::: :GATTCAGGGAGGTAGTGACAAGAAA: TAACAACACT :GGAAATTTCA

MF5494-Haemogregarina.sp.(
MF5499-Haemogregarina.sp.(
MF5502-Haemogregarina.sp.(
MF5510-Haemogregarina.sp.(
MF5511-Haemogregarina.sp.(
MF5518-Haemogregarina.sp.(

MF5796-Haemogregarina.sp.(

0 i560 i570
CGCAAATTACCCAATCCTAACACA

coett +

1580 1590
5GGGAGGTAGTGACAAGAAA

+ oo

1600 ITTO IT

:TAACAATACA:GGACTTTTT:



L25642-Crypto.parvum
AF112569-Crypto.parvum
AF115378-Crypto.wrair
AF111186-Cyclospora.colobi
AF111187-Cyclospora.papionis
L19080-Cytauxzoon.felis
AF531418-Cytauxzoon.sp
AF080614-Eimeria.falciformis

AY028972-Eimeria.weybridg...

GGTTT ::

GGTTT : :

GGTTT: :

GCTT : :

GCTT @

o TCTT @

I TCTT @

:GTTC ::

:GCTC:

Appendix C (cont.)

T:GTAATTGG : AATGAGTTAA :G:

T:GTAATTGG : AATGAGTTAA : G :

T:GTAATTGG : AATGAGTTAA: G
T:GTAATTGG : AATGA : : T : GGG :
:T:GTAATTGG : AATGA : : T :GGG:
GTAATTGG : AATGACGG : @ @ ¢
:GTAATTGG : AATGACGGG : : : :

T:GTAATTGG : AATGA : : T : GGG :

T :GTAATTGG : AATGA : : T :GGG :

X65163-Entamoeba.histolytica ATCAATTCTTG :AA: :GG:AATGAGTAGGAGG

X89636-Entamoeba.histolytica
L31799-Gregarina.caledia

L31841 -Gregarina.chortiocetes

AHO008381-Hammondia.hamm... TTT :CTA: : :GTGATTGG: AATGA: : TAGG : :

MF5494-Haemogregarina.sp.(...
MF5499-Haemogregarina.sp.(...
MF5502-Haemogregarina.sp.(...
MF5510-Haemogregarina.sp.(...
MF5511-Haemogregarina.sp.(...
MF5518-Haemogregarina.sp.(...

MF5796-Haemogregarina.sp.(...

20

GTTC: :

1630 T640 1650"
T:GTAATTGG:AATGAGTTAG:G:

1 :TATAAACCCCTTTAC: A:AGTATCAA
1 :TATAAACCCCTTTAC: A:AGTATCAA
1 :TATAAACCCCTTTAC: A:AGTATCAA
:AATGTAAAACCCTT: : CCAGAGTAACAA
:AATGTAAAACCCTT: : CCAGAGTAACAA
AAATTTAAG:CTCTTT:CCGGAGTATCAA
AATCTAAAACC: TTT:CCGGAGTATCAA
AATGTAAAACCCTTT: : CAGATTAACAA
AATGTAAAACCCTT:: CCAGAGTAACAA
1 TAAATTCTCCTAC: : GA: AATCAA

AATCCAAACCCCTTTC : : AGAIGTAACAA

1660 1670 1680 F
T :AAATTTAAACCCCTTTAC : A,GAGTATCAA



Appendix C (cont.)

g L25642-Crypto.parvum TTGGA :GGCAAGTCTGGTGCCAGCAGCCGCTGGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG
D AF112569-Crypto.parvum TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG
D AF115378-Crypto.wrairi TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG

8) AF111186-Cyclospora.colobi TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC :GGTAATTCCAGCTCCAATAGTGTATATTAGAGTTGTTG
8) AF111187-Cyclospora.papionisTTGGAGGGCAAGTCTGGTGCCAGCAGCCGC GGTAATTCCAGCTCCAATAGTGTATATTAGAGTTGTTG
D L19080-Cytauxzoon.felis TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC : GGTAATTCCAGCTCCAATAGCGTATATTAAACTTGTTG
D AF531418-Cytauxzoon.sp. TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC : GGTAATTCCAGCTCCAATAGCGTATATTAAAATTGTTG
D AF080614-Eimeria.falciformis TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC GGTAATTCCAGCTCCAATAGTGTATATTAGAGTTGTTG
| AYO028972-Eimeria.weybridg... TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC GGTAATTCCAGCTCCAATAGTGTATATTAGAGTTGTTG
| X65163-Entamoeba.histolytica TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC : GGTAATTCCAGCTCCAATAGTGTATATTAAAGTTGCTG
<) X89636-Entamoeba.histolytica

| L31799-Gregarina.caledia GC : GGTAATTCCAGCTCCAATAGCGTATATTAAAATTGCTG
| L31841-Gregarina.chortiocetes GC : GGTAATTCCAGCTCCAATAGCGTATATTAAAATTGCTG
U AH008381-Hammondia.hamm... TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC : GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG
<) MF5494-Haemogregarina.sp.(.

<

~

MF5499-Haemogregarina.sp.(

<

~

MF5502-Haemogregarina.sp.(

<

~

MF5510-Haemogregarina.sp.(

<

—~

MF5511-Haemogregarina.sp.(

<

~

MF5518-Haemogregarina.sp.(

MF5796-Haemogregarina.sp.(

690 T700 TTio IT 20 1775 ITTO 1770

TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC: GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG.

. + Attt bttt ot tot bttt ot tot+++toteototot+
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Appendix C (cont.)

L25642-Crypto.parvum CAGTTAAAAAGCTCGTAGTTGGATTTCT :
AF112569-Crypto.parvum CAGTTAAAAAGCTCGTAGTTGGATTTCT :
AF115378-Crypto.wrairi CAGTTAAAAAGCTCGTAGTTGGATTTCT :

AF111186-Cyclospora.colobi CAGTTAAAAAGCTCGTAGTTGGATTTCT :
AF111187-Cyclospora.papionisCAGTTAAAAAGCTCGTAGTTGGATTTCT :
L19080-Cytauxzoon.felis CAGTTAAAAAGCTCGTAGTTGAATTTCT :
AF531418-Cytauxzoon.sp. CAGTTAAAAAGCTCGTAGTTGAATTTCT :
AF080614-Eimeria.falciformis CAGTTAAAAAGCTCGTAGTTGGATTTCT :
AYO028972-Eimeria.weybridg... CAGTTAAAAAGCTCGTAGTTGGATTTCT :
X65163-Entamoeba.histolytica TGATTAAAACGCTCGTAGTTGAATTAAAAT

X89636-Entamoeba.histolytica

L31799-Gregarina.caledia CAGTTAAAGCGTCCGTAGTTGAATTTC : : :
L31841 -Gregarina.chortiocetesCAGTTAAAGCGTCCGTAGTTGGATTTC : : :
AHO008381-Hammondia.hamm... CAGTTAAAAAGCTCGTAGTTGGATTTCT: :

MF5494-Haemogregarina.sp.(
MF5499-Haemogregarina.sp.(
MF5502-Haemogregarina.sp.(
MF5510-Haemogregarina.sp.(
MF5511-Haemogregarina.sp.(
MF5518-Haemogregarina.sp.(

MF5796-Haemogregarina.sp.(

T760 1770 1780

CAGTTAAAAAGCTCGTAGTTGGATTTCT:

eooet+-teojee oo+ 4+4++

GTTAATAATTTATATAAAATATTTTGATGAATATTTAT
CGTTAATAATTTATATAATATATTTTGATGAATATTTAT

GTTAATAATTTATATATAATATTTTGAAA ATATTTAT

TGGTTTTATACATTTTGAAGACTTTATGTAAGTAAA

1790 1800 1810 1820

CIGTTAATAATTTATATATAATATTTTGATGAATATTTAT



Appendix C (cont.)

L25642-Crypto.parvum ATAATATTAACATAATT: CATATTACTATATATTTT: @ rrrroiiinnnnnnnnnt:

AF112569-Crypto.parvum ATAATATTAAs: : . CATAATTCATATT: :::::: :ACTATTTTTTTTT:ss:::rrrit:
AF115378-Crypto.wrairi ATAATATTAA: :::::: jCATAATTCATATT; ::::::iACTATAT ;ATTTTT: : :AG::;:::::::
AF111186-Cyclospora.colobi :GTCGTGGTCATCCGGCCGCGCCCGTA: 1 1 : 1 : :GGGTGTGCGCCT: : GGGTT: GCCCcGC
AF111187-Cyclospora.papionis : :::::::: :GTCGTGGTCATGCGGCCGCGCCCGTA: : ::::iGGGTGTGCGCCT:; :GTGTTGCCCGC
L19080-Cytauxzoon.felis oty GCTG: ; ; ;CATCATTTATATTCCTTAA: - - :TCGGTTTATTTATGTTGTGG; ; : :;
AF531418-Cytauxzoon.sp. o s, 1 iGCTG: 1t :CATCCG: TGTCATTCCT:AACT: : : :GGTTTGTCACT: : : : G:TTGTGG: :
AF080614-Eimeria.falciformis :GTCGTGGTCATCCGG: TTCCGCCTGTAT: : ::: iGGGTGTGCGCCT:: :GGTTTGCCCT
AY028972-Eimeria.weybridg... :GCTGTGGTCATCCGGTACCGCCCGTAT: : : : : :GGGTGCGCACCT: : :GGTTT:GGCTG

X65163-Entamoeba, histolytica GTTTCTAGAAATGTTAAATTAAAATCAAAGAAGGAAACAATTCAAGTAATTGAGTTG: 11 ::::::::

X89636-Entamoeba. histolytica

L31799-Gregarina.caledia GTTCGCACGGGTAGGATGCCGATTGATTCTTTGGAG; T:CA:TCGTGCG:
L31841 -Gregarina.chortiocetes GTTCGCACGGGTAGGATGCCGATTGAGTCTTCGGA: TT :CA: TCGTGCG:
AHO008381-Hammondia.hamm... GCTGGAAGCAGCCAGTCC:GCCCTCA: : ::: :GGGGTGTGCACTT: : :GGTGAA:TTCT

MF5494-Haemogregarina.sp.(...
MF5499-Haemogregarina.sp.(...
MF5502-Haemogregarina.sp.(...
MF5510-Haemogregarina.sp.(...
MF5511-Haemogregarina.sp.(...
MF5518-Haemogregarina.sp.(...

MF5796-Haemogregarina.sp.(...

1830 1840 1850 T860 1870 7880 1890
ATAATATTAAGCTGTAA:CATCCTGTATCGTCCTTA: : :A:TAGGGTTTTTTTYT: : :GGTTTGTTTCT
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Appendix C (cont.)

L25642-Crypto.parvUm & i i it oot

AF112569-Crypto.parvum P S

AF115378-Crypto.wrairi

AF111186-Cyclospora.colobi GG:CTTTCTTCC:GGT:AGCC:TTCCGCG: :CTTCACTGCGTGTGTTG : : GTGTTCC

AF111187-Cyclospora.papionisGG :CTTTCTTC :CGGT sAGCC : TTCCGCG : : CTTCACTGCGTGCGTTG : ;GTGTTCC
L19080-Cytauxzoon.felis o CTTTTT CTGGTG @ttt ATTATATTTCGG :

AF531418-Cytauxzoon.sp. I CTTTTT :C:TGGTGGTTGTGCTTCGG @ @@ ovn v s nnnn
AF080614-Eimeria.falciformis CGG:CTTTCTTCC :G:TTAGCC : TTCGGCG : : CTTCACTGCGTCTGTTG :GTGTTTC
AY028972-Eimeria.weybridg... CGGCTTTCTTCCTG : T:AGCCGT :CCGCG : : CTTAATTGCGTGCGTTG : TTGTTAC:
X65163-Entamoeba.histolytica : : : ;@ :ooiororonorononoonornonnonolonononoinounonoinoinoiioiiouoiidorioiioi
X89636-Entamoeba.histolytica

L31799-Gregarina.caledia 11 :CTTTCCCC sAGTGAACTTGAGGGAAA : : :TATCCAGCCTGC :TGG :AsSTGTTCTCCTCC
L31841 -Gregarina.chortiocetes :: : :CTTTCCCT : AGTGAACTTGAGGGAA : :ACT:TTCAGCTTGC :TG: :AATGTTCTCCTCC
AHO008381 -Hammondia.hamm... AG:CATCCTTC : TGG : : : :ATTT :CTCCACACTTCATTGTGTGGAG : : :

MF5494-Haemogregarina.sp.(.
MF5499-Haemogregarina.sp.(
MF5502-Haemogregarina.sp.(
MF5510-Haemogregarina.sp.(
MF5511-Haemogregarina.sp.(
MF5518-Haemogregarina.sp.(

MF5796-Haemogregarina.sp.(

7900 1970 1920 7930 940 i950 IT60
RG;CATTYTTCCTGGTTAGACTTTTCTTBTACTTTATTGCGTKGRKTG: TTTTTTCTMTYBTSCHCGAC

00¢



L25642-Crypto.parvum
AF112569-Crypto.parvum
AF115378-Crypto.wrairi
AF111186-Cyclospora.colobi
AF111187-Cyclospora.papionis
L19080-Cytauxzoon.felis
AF531418-Cytauxzoon.sp.
AF080614-Eimeria.falciformis
AY028972-Eimeria.weybridg...
X65163-Entamoeba.histolytica
X89636-Entamoeba. histolytica
L31799-Gregarina.caledia
L31841 -Gregarina.chortiocetes
AHO008381-Hammondia.hamm...
MF5494-Haemogregarina.sp.(...
MF5499-Haemogregarina.sp.(...
MF5502-Haemogregarina.sp.(...
MF5510-Haemogregarina.sp.(...
MF5511-Haemogregarina.sp.(...
MF5518-Haemogregarina.sp.(...

MF5796-Haemogregarina.sp.(...

1970

1980

Appendix C (cont.)

1l AGTAITAT AAACTTTT:ACTTT
L AGTACTATGAAATTTT ACTTT
cirii TACTATGAAA:TTTT:ACTTT
trr it D GGAIACTTTTACTTT
crrr it D GGAIACTTTTACTTT

I TATGATTATCCAGATTGTTACTTT
CTATAT:CTCCAGATT:G: : :TTACTTT
or it i GGASACTTTTACTTT
rrr it i GGAACTTTTACTTT

oorr i rrrr o n  TTATTACTTT

il iiiiii i GTTACTTT s

Lol iii i GTTACTTT:

TTTTTTCCAGGA: :CTTTTACTTT:

1990 11000

I1o10
TDGTDGGVDACADCDATBHWKTAGTA: TATGGA: :YTTTTACTTT:

GAGAAAATTAGAGTGCTTAAA s
GAGAAAATTAGAGTGCTTAAA:
GAGAAAATTAGAGTGCTTAAA
GAGAAAAATAGAGTGTTTCAA
GAGAAAAATAGAGTGTTTCAA
GAGAAAATTAGAGTGCTTAAA:
GAGAAAATTAGAGTGCTTCAA:
GAGAAAAATAGAGTGTTTCAA
GAGAAAAATAGAGTGTTTCAA:

GAATAAAATAAGGTGTTTAAA:

:GAGCAAATTGGAGTGCTCCAA:
GAGCAAATTGGAGTGCTCCAA:
GAGAAAATTAGAGTGTTTCAA:

11020 11030

:GAGAAAATTAGAGTGTTTCAA

%



L25642-Crypto.parvum GCAGGCATAT : ::
AF112569-Crypto.parvum GCAGGCATAT: ¢
AF115378-Crypto.wrairi GCAGGCATAT: G

AF111186-Cyclospora.colobi GCAGGCTTGT :CG
AF111187-Cyclospora.papionisGCAGGCTTGT : CG
L19080-Cytauxzoon.felis GCAGGCTTTT : :G
AF531418-Cytauxzoon.sp. GCAGGCTTTT: :G
AF080614-Eimeria.falciformis GCAGGCTTGT : CG
AY028972-Eimeria.weybridg... GCAGGCTTGT : CG
X65163-Entamoeba.histolytica GCAAAACATTATG
X89636-Entamoeba. histolytica
L31799-Gregarina.caledia CCAGGCTT :A: CG
L31841 -Gregarina.chortiocetesCCAGGCTT : A: CG
AHO008381-Hammondia.hamm... GCAGGCTTGT : CG
MF5494-Haemogregarina.sp.(...
MF5499-Haemogregarina.sp.(...
MF5502-Haemogregarina.sp.(...
MF5510-Haemogregarina.sp.(...
MF5511-Haemogregarina.sp.(...
MF5518-Haemogregarina.sp.(...
MF5796-Haemogregarina.sp.(...

11040

11050

Appendix C (cont.)

L TTAAT

::::C:TT:GAACAGCTCAGCATGGAA
11 :C:TT:GAAC GCTCAGCATGGAA

1 iCCTT:GAATACTGCAGCATGGAA

11060

:GAATACTCCAGCATGGAA
:GAATACTCCAGCATGGAA
:GAATACTCCAGCATGGAA
:GAATACTGCAGCATGGAA
:GAATACTTCAGCATGGAA
:GAATACTTTAGCATGGAA
:GAATACTTTAGCATGGAA
:GAATACTTCAGCATGGAA
:GAATACTTCAGCATGGAA
:GAATATTCAAGCATGGGA:

11070

11080

TAATAT

T TAATAT:
T TAATAT:
:TAATAA:
:TAATAA:

:TAAAG:ATT
TAAAG:ATT
TAAAG:ATT
GATAGGACC
GATAGGACC

:TAACTAAGTAGG: ACT
:TAACTAAGTAGG: ACT

:TAATAA
:TAATAG

:TAACAA
:TAACAA

CTAATAA

11090

:GATAGGACC
:GATAGGACC

:GATAGGACT

:GATAGGACT

:GATAGGATT

11100

GCAGGCTTGT: : GWKMKWRYWTTASYGYGCCTT: GAATACTCCAGCATGGAA: TAATAA: GATAGGACT

(4014



L25642-Crypto.parvum
AF112569-Crypto.parvum
AF115378-Crypto.wrairi

AF111186-Cyclospora.colobi

TTTATCTTTCT:

AF111187-Cyclospora.papionisTTGGTTCTATTT

L19080-Cytauxzoon.felis

AF531418-Cytauxzoon.sp.

AF080614-Eimeria.falciformis TTGGTTCTATTT:
AY028972-Eimeria.weybridg... TTGGTTCTATTT:

X65163-Entamoeba.histolytica
X89636-Entamoeba. histolytica

L31799-Gregarina.caledia

Appendix C (cont.)

TATTGG TT CTAAGATAA: :G:AATAAT GATTAATA:G
TTTATCTTTTT: TATTGG:TT.CTAAGATAA: :G:AATAAT GATTAATA:G
TTTATCTTTCT: TATTGG:TT:CTAAGATAA: ::GAATAAT GATTAATA:G
TTGGTTCTATTT TGTTGGTTT:CTAGGACCG: AG::GTAAT:GATTAATA:G

TGTTGGTTT:CTAGGA:CCG AG GTAAT GATTAATA:G
TTGGTTCTATTTT :GTTGGTTTAAGAG: : :CCAAA: GTAAT:GATTAATA:G
TTGGTTCTATTTT :GTTGGTTT:AAG:|l Gccaaa:: GTAAT:GATTAATA:G
TGTTGGTTT CTAGGACTA::AG GTAAT GATTAATA:G
TGTTGGTTT CTAGGACCA:: AG::GTAAT:GATTAATA:G
GAGG: ::::::: :GGAT:G: : TCAATAAGACATTTCGAGAGAAG:GATTAAAA:G
TTGGTTCTTCT TGTTGGTGT: CATG: AACC AAAAGTAATGG: TTGATAAG

L31841 -Gregarina.chortiocetesTTGGTTCTTCT : : : TGTTGGTGT : CATG: AACC

AHO008381-Hammondia.hamm... TCGGCCCTATT: T: TGTTGGTTT : CTAGGACT :

MF5494-Haemogregarina.sp.(.
MF5499-Haemogregarina.sp.(
MF5502-Haemogregarina.sp.(
MF5510-Haemogregarina.sp.(
MF5511-Haemogregarina.sp.(
MF5518-Haemogregarina.sp.(

MF5796-Haemogregarina.sp.(

11110
TTGGTTCTATTT:

11120 11130

CTGTTGGTTT:CTAGGATCA: :

AAAAGTAATGG: TTGATAAG

:GAAGTAAT: GATTAATA:G:GGA:CGGTT:G:

i1140 11150

:GGA:CAGTT:
:GGA:CAGTT:
:GGA:CAGTT:
:GGA:CAGTT:
:GGA:CAGTT:
:G:AACAGTT:
:G:AACAGTT:
':GGA:CAGTT:
:GGA:CAGTT:
:GAA:CAATT :

O 0o 9 0 0o © 0o 0 o o
O 0O 0 0 O 0 0 0 0 O

:G:A:CA:TACG:G
:G:A:CA: TACG:G

()

i1160 HIT

: GAAGTAAT:GATTAATA:G:GGA:CAGTT:G:G

€0¢



L25642-Crypto.parvum
AF112569-Crypto.parvum
AF115378-Cry pto.wrairi
AF111186-Cyclospora.colobi
AF111187-Cyclospora.papionis
L19080-Cytauxzoon.felis
AF531418-Cytauxzoon.sp.
AF080614-Eimeria.falciformis
AY028972-Eimeria.weybridg...
X65163-Entamoeba.histolytica
X89636-Entamoeba.histolytica
L31799-Gregarina.caledia
L31841 -Gregarina.chortiocetes :
AHO008381-Hammondia.hamm... :
MF5494-Haemogregarina.sp.(...
MF5499-Haemogregarina.sp.(...
MF5502-Haemogregarina.sp.(...

MF5511-Haemogregarina.sp.(...

(
.(
X
MF5510-Haemogregarina.sp.(...
X
MF5518-Haemogregarina.sp.(...
X

MF5796-Haemogregarina.sp.(...

0

Appendix C (cont.)

GCATTTGTATTTAAC GTCA
GCATTTGTATTTAACAGTCA
GCATTTGTATTTAACAGTCA
:GCATTCGTATTTAACTGTCA
GCATTCGTATTTAACTGTCA
:GCATTCGTATTTAACTGTCA
:GCATTCGTATTTAACTGTCA
GCATTCGTATTTAACTGTCA
GCATTCGTATTTAACTGTCA

O 0 0 0 0 060 0 0 -

:GTGATTCAGAAAATAACGG: : A

11180 11190

GAGGTGAAAT.TCTTAGATT
GAGGTGAAAT:
GAGGTGAAAT:
GAGGTGAAAT:
GAGGTGAAAT:
GAGGTGAAAT:
GAGGTGAAAT:

GAGGTGAAAT:TCTTAGATT

TCTTAGATT:
TCTTAGATT:
TCTTAGATT:
TCTTAGATT:
TCTTAGATT:

:TGTTAAAGACAAACTAATGCG
TCTTAGATT:

TGTTAAAGACAAACTAATGCG
TGTTAAAGACAAACTAGTGCG
TGTTAAAGACGAACTACTGCG
TGTTAAAGACGAACTACTGCG
TGTTAAAGACGAACTACTGCG
TGTTAAAGACGAACTACTGCG

:TGTTAAAGACGAACTACTGCG
GAGGTGAAAT:TCTTAGATT:
GAGGTGAAAATCCAT: GATC:

TGTTAAAGACGAACTACTGCG
GCTATAAGATGCAC: AGAGCG

AT:GATCGCTATAA:GATGCACGAGAGCN

G:GCATTTGTACTT:GCTGG: AGAGAGGTGAAAT: TCTAAGACCCAG: CAAAGACAAACAACTGCG
G:GCATTTGTACTT:GCTGG: AGAGAGGTGAAAT: TCTAAGACCCAG: CAAAGACAAACAACTGCG

G:GCATTCGTATTTAACTGTCA:: GAGGTGAAAT: TCTTAGATT: TGTTAAAGACGAACTACTGCG

CAAACTACTGCG

GCG

ATTTTAATTTGTTAAAGACAAACTACTGCG

11200 11210

11220

TGTTAAAGACAAACTACTGCG

i1230 fl2

:G:G:GCATTCGTATTTAACTGTCA: : GAGGTGAAAT: TCTTAGATT: TGTTAAAGACAAACTACTGCG

o+

+ o

o+

¥0Z



Appendix C (cont.)

L25642-Crypto.parvum

AF112569-Crypto.parvum
AF115378-Crypto.wrairi AAA; GCATTT ; GCCAAGGA; TGTTTTCATTAATCAAGAACGAAAG
AF111186-Cyclospora.COlobi AAA;GCATTT ; GCCAAGGA: TGTTTTCATTAATCAAGAACGACAG
AF111187-Cyclospora.papionisAAA: GCATTT : GCCAAGGA; TGTTTTCATTAATCAAGAACGACAG

AAACG:ATTT : GCCAAGGA: TGTTTTCATTAATCAAGAACGAAAG
AAA:GCATTT : GCCAAGGA: TGTTTTCATTAATCAAGAACGAAAG

L19080-Cytauxzoon.felis
AF531418-Cytauxzoon.sp.

AAA;GCATTT : GCCAAGGA; TGTTTTCATTAATCAAGAACGAAAG
AAA; GCATTT : GCCAAGGA; TGTTTTCATTAATCAAGAACGAAAG
AF080614-Eimeria.falciformis AAA; GCATTT ; GCCAAGGA; TGTTTTCATTAATCAAGAACGACAG
AY028972-Eimeria.weybridg... AAA: GCATTT : GCCAAGGA; TGTTTTCATTAATCAAGAACGACAG
X65163-Entamoeba.histolytica AAA; GCATTTCACTCAA:CTGG ; : TCCATTAATCAAGAACGAAAG
X89636-Entamoeba.histolytica AAA:G;ATTTCACTCAA:CTGG : ; TCCATTAATCAAGAACGAAAG
L31799-Gregarina.caledia AAA;GCATTT :GCCCA:GTGTGTACCTATTAATCAAGGACGAAAG
L31841 -Gregarina.chortiocetesAAA: GACTTT ;GCCCA; GTGTGTACCTGTTAATCAiI GGACGAAAG
AH008381 -Hammondia.hamm... AAA; GCATTT : GCCAAAGA; TGTTTTCATTAATCAAGAACGAAAG
A; TGTTTTCATTAATCAAGAACGAAAG
AAA:GCATTT:GCCAAAGA: TGTTTTCATTAATCAAGAACGAAAG

MF5494-Haemogregarina.sp.(
MF5499-Haemogregarina.sp

MF5502-Haemogregarina.sp CAA;GA; TGTTCTCATTAATCAAGAACGAAAG
MF5511-Haemogregarina.sp AA; : GCATTT; GCCAAAGA; TGTTTTCATTAATCAAGAACGAAAG

AAA:GCATTT:GTCAAAGA; TGTTTTCATTAATCAAGAACGAAAG

X
X
MF5510-Haemogregarina.sp.(
X
MF5518-Haemogregarina.sp.(

X

MF5796-Haemogregarina.sp.( -AAA:GCATTT:GCCAAAGA; TGTTTTCATTAATCAAGAACGAAAG

40 11250 11260 11270 11280
AAA;GCATTT:GCCAAGGA; TGTTTTCATTAATCAAGAACGAAAG

TTAGGGGA: TCGAA
TTAGGGGA: TCGAA
TTAGGGGA: TCGAA
; TAGGGGGTTTGAA
:TAGGGGGTTTGAA
TTAGGGGA; TCGAA
TTAGGGGA;TCGAA

TAGGGGGTTTGAA

TAGGGGGTTTGAA
TTAGGGGA; TCGAA
TTAGGGGA; TCGAA
TTGGGGGA;TCGAA
TTGGGGG ; TCGAA
TTAGGGG; CTCGAA
TTAGGGGA; TCGAA
TTAGGGGA;TCGAA
TTAGGGGA; TCGAA

TTAGGGGA; TCGAA;
TTAGGGGA; TCGAA;

TTAGGGGA; TCGAA:

11290

GACG : ATC
GACG ; ATC
GACG : ATC
GACG :ATT
GACG ;ATT
GACG : ATC
GACG : ATC
GACG ;ATT
GACG ;ATT
GACG ; ATC
GACG ; ATC
GACG ;CTT
GACG ; ATT
GACG ; ATC
GACG ; ATC
GACG ; ATC
GACG ;ATC

GACG;ATC
GACG;ATC

GACG,;ATC

11300 IT

TTAGGGGA: TCGAA; GACG:ATC

G0¢



Appendix C (cont.)

L25642-Crypto.parvum AGATACCGTCGTAGTCTTAACCATAAACTATGCCAACT :AGAGATT :GG: sttt

4Nj AF112569-Crypto.parvum AGATACCGTCGTAGTCTTAACCATAAACTATGCCAACT :AGAGATT :GG: st rrrrrrri:

4y | AF115378-Crypto.wrairi AGATACCGTCGTAGTCTTAACCATAAACTATGCCAACT : AGAGATT :GG: st rrrrnrne

,/JH AF111186-Cyclospora.colobi AGATACCGTCGTAATCTCTACCATAAACTATGCCGACT: AGAGATA:GGG: 1

4" AF111187-Cyclospora.papionisAGATACCGTCGTAATCTCTACCATAAACTATGCCGACT: AGAGATA: GGG : 1t iririirr:

4Yy) L19080-Cytauxzoon.felis AGATACCGTCGTAGTCCTAACCATAAACTATGCCGACT :AGAGATT :GG: ::rorrrrirrirrn:

4" AF531418-Cytauxzoon.sp. AGATACCGTCGTAGTCCTAACCATAAACTATGCCGACT: AGAGATTsGG: sttt rrnorrrrnnns

4" AF080614-Eimeria.falciformis AGATACCGTCGTAATCTCTACCATAAACTATGCCGACT sAGAGATA:GGG: 1t rrririiriit:

lg) AY028972-Eimeria.weybridg... AGATACCGTCGTAATCTCTACCATAAACTATGCCGACT : AGAGATA:GGG : @ttt

Ag) X65163-Entamoeba.histolytica AGATACCGTCGTAGTCCTAACTATAAACGATGTCAACCAAG: GATT : GGATGAAATTCAGATGTACAAA
4g) X89636-Entamoeba.histolytica AGATACCGTCGTAGTCCTAACTATAAACGATGTCAACCAAG :GATT : GGATGAAATTCAGATGTACAAA
,lg) L31799-Gregarina.caledia AGATACCGTCGTAGTCCCAACTATAAACTATGCCGACTGAG:GATC :GG: st rrrrrrrnrrnrrirs

4y) L31841-Gregarina.chortiocetesAGATACCGTCGTAGTCCCAACTATAAACTATGCCGACTGAG: GATC:GG: 1111 riii1i1:

4Yy) AH008381-Hammondia.hamm... AGATACCGTCGTAGTCTTAACCATAAACTATGCCGACT :AGAGATA:GG: 1111111111111

<g) MF5494-Haemogregarina.sp.(...AGATACCGTCGTAGTCTTAACTATAAACTATGCCGACT: AGAGATT :GG: i

4" j MF5499-Haemogregarina.sp.(...AGATACCGTCGTAGTCTTAACTATAAACTATGCCGACT: AGAGATT:GG: t 1 rii:

MF5502-Haemogregarina.sp.(...AGATACCGTCGTAGTCTTAACTATAAACTATGCCGACT: AGAGATT:GG: ::: i

MF5510-Haemogregarina.sp.(...
MF5511-Haemogregarina.sp.(... AGATACCGTCGTAGTCTTAACTATAAACTATGCCGACT: AGAGATT : GGttt rrirrrrrnnr:

,/g) MF5518-Haemogregarina.sp.(...AGATACCGTCGTAGTCTTAACTATAAACTATGCCGACT: AGAGATT :GG: e

4~ MF5796-Haemogregarina.sp.(...AGATACCGTCGTAGTCTTAACTATAAACTATGCCGACT: AGAGATT:GG: i

310 11320 11330 11340 11350 11360 11370 f
A*GATACCGTCGTAGTCTTAACCATAAACTATGCCGACT : AGAGATT : GGGTGAAATTYAGATGTACAAA

90¢



Appendix C (cont.)

L25642-Crypto.parvum S D AGGTTGTTCCTT: i ACTCCTTCAGCACCTT
AF112569-Crypto.parvum T c 1 AGGTTGTTCCTT: 1 :ACTCCTTCAGCACCTT
AF115378-Crypto.wrairi e c: 1 AGGTTGTTCCTT: : ;i ACTCCTTCAGCACCTT
AF111186-Cyclospora.colobi O 1 !AAA:CGCCTACCTTG:G:CTTCTCCTGCACCTC
AF111187-Cyclospora.papionis @ @ @ @ ool 1 tAAA:CGCCTACCTT: :GG:CTTCTCCTGCACCTC
L19080-Cytauxzoon.felis Toornnornonnnnnnnnnoinoiiounoinoioio 1111 AGGTCGTCAGTTTGAACGACTCCTTCAGCACCTT
AF531418-Cytauxzoon.sp. S 111 AGGTCGTCAGTTTGAACGACTCCTTCAGCACCTT
AF080614-Eimeria.falciformis @ : oo nn o n o nnn i AAACTGCCTACCCTG: :G:CTTCTC: TGCACCTC
AY028972-Eimeria.weybridg... @ @ oororonorononornnnnnnnnnnn .11 :AAA:CGCCTACCTTG: :G:CTTCTCCTGCACCTC
X65163-Entamoeba.histolytica GATAGA :GAAGCATTGTTTCTAGATCT : ::GAGTATATCAATATTA: :::::CCTTGTTCAGAACTTA
X89636-Entamoeba.histolytica GAT : GAAGAAACATTGTTTCTAAATCCA :: :AGTATATCAATACTA: :::: :CCTTGTTCAGAACTTA
L31799-Gregarina.caledia Doolrnononornonnnonnnnnnnnonononnoro 1111 AGGCCGTAACAAT: sACGACTC:TTCGGCACTCC
L31841-Gregarina.chortiocetes : @ @ @ @ orororonononnonnnnnnnnnnn t 111 AGGCCGTAACAAT: :ACGACTC:TTCGGCACTCC
AHO008381-Hammondia.hamm... @ ::: oo D AAAACGTCATGCTT: : :GACTTCTCCTGCACCTT
MF5494-Haemogregarina.sp.(... @ @ @ @ @ ooronononononnonnnnnnnnnnn 11 AGGTCGTCATTTTCTTCGACTCCTTCAGCACCTT
MF5499-Haemogregarina.sp.(... : @ @ @@ @pononoiononioiioniioioioiioioiooa: 111 :AGGTCGTCTATCTTCACGACTCCTTCAGCACCTT
MF5502-Haemogregarina.sp.(... @ @ @@ pononoionononiornoniioioioiioioioo 11 AGGTCGTCTTTTTTCACGACTCCTTCAGCACCTT
MF5510-Haemogregarina.sp.(... TTTTTAGCGACTCCTTCAGCACCTT
MF5511-Haemogregarina.sp.(... : @ @ @@ @@ @pooooioionioiioloiioioioiioioioia 11 AGGTCGTCTTTTT: CACGACTCCTTCAGCACCTT
MF5518-Haemogregarina.sp.(... : @ @ @ @@ @@ ooooioionoioioioloiiioioiioioioio 10 AGGTCGTCTTTTTTTACGACTCCTTCAGCACCTT
MF5796-Haemogregarina.sp.(... @ @ @ @@ rononoinoniornoniionniioioioo 111 :AGGTCGTCTTTCTTCACGACTCCTTCAGCACCTT
TT80 11390 11400 11410 11420 11430 11440

GWTTGAARAWAMAWTKTTTCTACWTC: A :GGAGAAGGTCGTCATTTTT: : :GACTCCTTCAGCACCTT



Appendix C (cont.)

L25642-Crypto.parvum ATGAGAAATCAAA :GTCTTTGGGTTCTGGGGG GAGTATGGTCGCAAG
AF112569-Crypto.parvum ATGAGAAATCAAA :GTCTTTGGGTTCTGGGGG GAGTATGGTCGCAAG
AF115378-Crypto.wrairi ATGAGAAATCAAA :GTCTTTGGGTTCTGGGGG GAGTATGGTCGCAAG
AF111186-Cyclospora.colobi ATGAGAAATCAAA :GTCTCTGGGTTCTGGGGG GAGTATGGTCGCAAG
AF111187-Cyclospora.papioniSATGAGAAATCAAA :GTCTCTGGGTTCTGGGGG GAGTATGGTCGCAAG
L19080-Cytauxzoon.felis GAGAGAAATCAAA :GTCTTTGGGTTCTGGGGG GAGTATGGTCGCAAG
AF531418-Cytauxzoon.sp. GAGAGAAATCAAA :GTCTTTGGGTTCTGGGGG GAGTATGGTCGCAAG
AF080614-Eimeria.falciformis ATGAGAAATCAAA :GTCTCTGGGTTCTGGGGG GAGTATGGTCGCAAG
AY028972-Eimeria.weybridg... ATGAGAAATCAAA : GTCTCTGGGTTCTGGGGG GAGTATGGTCGCAAG
X65163-Entamoeba.histolytica AAGAGAAATCTTGAGTTTATGGACTTCAGGGG GAGTATGGTCACAAG
X89636-Entamoeba.histolytica AAGAGAAATCTTGAGTTTATGGACTTCAGGGG GAGTATGGTCACAAG
L31799-Gregarina.caledia AAGAGAAATCTAA : GTCTCTGGGCCCTGGGGG GAGTATGGTCGCAAG
L31841 -Gregarina.chortiocetesAAGAGAAATCTAA :GTCTCTGGGCCCTGGGGG GAGTATGGTCGCAAG
AH008381-Hammondia.hamm... ATGAGAAATCAAA :GTCTTTGGGTTCTGGGGG GAGTATGGTCGCAAG
MF5494-Haemogregarina.sp.(... ACGAGAAATCAAA : GTCATTGGGTTCTGGGGG GAGTATGGTCGCAAG
MF5499-Haemogregarina.sp.(... ACGAGAAATCAAA :GTCATTGGGTTCTGGGGG GAGTATGGTCGCAAG
MF5502-Haemogregarina.sp.(... ACGAGAAATCAAA : GTCATTGGGTTCTGGGGG GAGTATGGTCGCAAG
MF5510-Haemogregarina.sp.(... ACGAGAAATCAAA : GTCATTGGGTTNTGGGGG GAGTATGGTCGCAAG
MF5511-Haemogregarina.sp.(... ACGAGAAATCAAA :GTCATTGGGTTCTGGGGG GAGTATGGTCGCAAG
MF5518-Haemogregarina.sp.(... ACGAGAAATCAAA : GTCATTGGGTTCTGGGGG GAGTATGGTCGCAAG
MF5796-Haemogregarina.sp.(... ACGAGAAATCAAA: GTCATTGGGTTCTGGGGG GAGTATGGTCGCAAG
11450 11460 11470 11480 11490

ATGAGAAATCAAA:GTCTTTGGGTTCTGGGGG: GAGTATGGTCGCAAG

++++ee++++t+oeeoee el ttoeeeeeHAtbtfoftdeH

GCTGAAACTTA
GCTGAAACTTA
GCTGAAACTTA
GCTGAAACTTA
GCTGAAACTTA
GCTGAAACTTA
GCTGAAACTTA
GCTGAAACTTA
GCTGAAACTTA
GCTGAAACTTA
GCTGAAACTTA
GCTGAAACTTA
GCTGAAACTTA
GCTGAAACTTA
GCTGAAACTTA
GCTGAAACTTA
GCTGAAACTTA
GCTGAAACTTA
GCTGAAACTTA
GCTGAAACTTA
GCTGAAACTTA

11500

AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT
AAGGAATT

11510

GCTGAAACTTA: AAGGAATT

+ oo

80¢



L25642-Crypto.parvum
AFl112569-Crypto.parvum
AF115378-Crypto.wrair

AFl111186-Cyclospora.colobi
AF111187-Cyclospora.papionisGACGGAGGGGCACCACCAGGCGT

L19080-Cytauxzoon.felis

AF53141 8-Cytauxzoon.sp.
AF080614-Eimeria.falciformis GACGGAAGGGCACCACCAGGCGT

Appendix C (cont.)

GACGGAAGGGCACCACCAGGAGT

GACGGAAGGGCACCACCAGGAGT
GACGGAAGGGCACCACCAGGAGT
GACGGAGGGGCACCACCAGGCGT

GACGGAAGGGCACCACCAGGCGT
GACGGAAGGGCACCACCAGGCGT

AY028972-Eimeria.weybridg... GACGGAAGGGCACCACCAGGCGT:
X65163-Entamoeba.histolytica GACGGAAGGGCAC : ACCAGGAGT :
X89636-Entamoeba.histolytica GACGGAAGGGCAC : ACCAGGAGT :

L31799-Gregarina.caledia

AHO008381-Hammondia.hamm...
MF5494-Haemogregarina.sp.(...
MF5499-Haemogregarina.sp.(...
MF5502-Haemogregarina.sp.(... GACGGAAGGGCACCACCAGGAGT
MF5510-Haemogregarina.sp.(... GACGGAAGGGCACCACCAGGAGT

GGAGCCTGCGGCTTAATTTGACTCAA

:GGAGCCTGCGGCTTAATTTGACTCAA
:GGAGCCTGCGGCTTAATTTGACTCAA
:GGAGCCTGCGGCTTAATTTGACTCAA
:GGAGCCTGCGGCTTAATTTGACTCAA
:GGAGCCTGCGGCTTAATTTGACTCAA
:GGAGCCTGCGGCTTAATTTGACTCAA
:GGAGCCTGCGGCTTAATTTGACTCAA

GGAGCCTGCGGCTTAATTTGACTCAA
GGAGCCTGCGGCTTAATTTGACTCAA
GGAGCCTGCG: CTTAATTTGACTCAA

GACGGAAGGGCACCACCAGGAGT :G:AG : CTGCGGCTTAATTTGACTCAA
L31841 -Gregarina.chortiocetesGACGGAAGGGCACCACCAGGAGT:

GACGGAAGGGCACCACCAGGCGT:
GACGGAAGGGCACCACCAGGAGT:
GACGGAAGGGCACCACCAGGAGT:

MF5511-Haemogregarina.sp.(... GACGGAAGGGCACCACCAGGAGT:

MF5518-Haemogregarina.sp.(... GACGGAAGGGCACCACCAGGAGT
MF5796-Haemogregarina.sp.(...GACGGAAGGGCACCACCAGGAGT

m1520 11530
GACGGAAGGGCACCACCAGGAGT:

++et+++ot++++++ot++otoottotocescetttott+++++++tococccoton

11540

GGAG: : TGCGGCTTAATTTGACTCAA
GGAGCCTGCGGCTTAATTTGACTCAA
GGAGCCTGCGGCTTAATTTGACTCAA
GGAGCCTGCGGCTTAATTTGACTCAA

:GGAGCCTGCGGCTTAATTTGACTCAA
:GGAGCCTGCGGCTTAATTTGACTCAA

GGAGCCTGCGGCTTAATTTGACTCAA

:GGAGCCTGCGGCTTAATTTGACTCAA
:GGAGCCTGCGGCTTAATTTGACTCAA

11550 11560
GGAGCCTGCGGCTTAATTTGACTCAA

CACGGG: AAAACTCACC
CACGGG: AAAACTCACC
CACGGG: AAAACTCACC
:CACGGGG: AAACTCACC
:CACGGGG: AAACTCACC
:CACGGG: AAAACTTACC
:CACGGGG: AAACTTACC
:CATGGGG: AAACTCACC
:CACGGGG: AAACTCACC
:CACGGG: AAAACTTACC
:CACGGG: AAAACTTACC
:CACGGGG: AACCTCACC
:CACGGGG: AACCTCACC
:CACGGGG: AAACTCACC
:CACGGG: AAAACTCACC
:CACGGG:AAAACTCACC
:CACGGG: AAAACTCACC
:CACGGG: AAAACTCACC
:CACGGG: AAAACTCACC
:CACGGG: AAAACTCACC
:CACGGG: AAAACTCACC

1157 0 11580
:CACGGG: AAAACTCACC

o0+ o Jeo °

60¢



L25642-Crypto.parvum AGGTCCAGA :
AF112569-Crypto.parvum AGGTCCAGA:
AF115378-Crypto.wrairi AGGTCCAGA :
AF111186-Cyclospora.colobi AGGTCCAGA:
AF111187-Cyclospora.papionisAGGTCCAGA :
L19080-Cytauxzoon.felis AGGTCCAGA :
AF531418-Cytauxzoon.sp. AGGTCCAGA:

AF080614-Eimeria.falciform is AGGTCCAGA :
AY028972-Eimeria.weybridg... AGGTCCAGA :

X65163-Entamoeba.histolytica AAG : ACCGAACA :GTAG

X89636-Entamoeba.histolytica AAG : ACCGAACA : GTAG

L31799-Gregarina.caledia AGGCCCGGA
L31841 -Gregarina.chortiocetesAGGCCCGGA
AHO008381-Hammondia.hamm... AGGTCCAGA :
MF5494-Haemogregarina.sp.(... AGGTCCAGA :
MF5499-Haemogregarina.sp.(... AGGTCCAGA :
MF5502-Haemogregarina.sp.(... AGGTCCAGA :
MF5510-Haemogregarina.sp.(... AGGTCCAGA :
MF5511-Haemogregarina.sp.(... AGGTCCAGA :
MF5518-Haemogregarina.sp.(... AGGTCCAGA :

MF5796-Haemogregarina.sp.(... AGGTCCAGA :

11590
AGGTCCAGA:

Appendix C (cont.)

o ++

: AG
:AG
:AG
: AG
:AG
:AG
:AG
1 AG
:AG
AGAG
AGAG

4 4 4 4 4 4 4 4 4

G: AG
:AG
:AG
:AG
:AG
1 AG
:AG
Ts AG

4 4 4 4 4 0

T: AG
Ti AG

CAT :AG GAAGGATTGACAGATTGA
CAT :AG GAAGGATTGACAGATTGA
CAT :AG GAAGGATTGACAGATTGA
CAT :GG GAAGGATTGACAGATTGA
CAT :GG GAAGGATTGACAGATTGA
CA: GAG GAAGGATTGACAGATTGA
CA: GAG GAI GGATTGACAGATTGA
CAT :GG GAAGGATTGACAGATTGA
CAT :GG GAAGGATTGACAGATTGA
:AAGGAATGACAGATT:A
:AAGGAATGACAGATT:A
CAT :AGTCATG:ATTGACAGATCGA
:CAT :AGTCATG:ATTGACAGTTCGA
CAT :AG:GAAGGATTGACAGATTGA
CGT :AG:GTAGGATTGACAGATTGA
CAT :AG:GAP GGATTGACAGATTGA
CAT :AG:GAAGGATTGACAGATTGA
CAT :AG:GAAGGATTGACAGATTGA
CATA : sG:GAAGGATTGACAGATTGA
CAT : : AG : GAAGGATTGACAGATTGA
CAT : : AG : GAAGGATTGACAGATTGA
11600 11610 11620
CAT : : AG: GAAGGATTGACAGATTGA:T:AG

CTCTTTCTTGATTCTAT GGTGGTGG
CTCTTTCTTGATTCTATGGGTGGTGG
CTCTTTCTTGATTCTATGGGTGGTGG
CTCTTTCTTGATTCTATGGGTGGTGG
:CTCTTTCTTGATTCTATGGGTGGTGG
CTCTTTCTTGATTCTTTGGGTGGTGG
CCTCTTTCTTGATTCTTTGGGTGGTGG
:CTCTTTCTTGATTCTATGGGTGGTGG
CTCTTTCTTGATTCTATGGGTGGTGG
CTTCTTTCATGATTTATTGGGTAGTGG
CTTCTTTCATGATTTATTGGGTAGTGG
:TTCCTTCTCGATTCTATGGGTGGTGG
:TTCTTTCTCG ITTCTATGGGTGGTGG
:CTCTTTCTTGATTCTATGGGTGGTGG
:CTCTTTCTTAATTCTATGGGTAGTGG
:CTCTTTCTTAATTCTATGGGTAGTGG
CTCTTTCTTAATTCTATGGGTAGTGG
CTCTTTCTTAATTCTATGGGTAGTGG
CTCTTTCTTAATTCTATGGGTAGTGG
:CTCTTTCTTAATTCTATGGGTAGTGG
CTCTTTCTTAATTCTATGGGTAGTGG

11630 11640 11650
:CTCTTTCTTGATTCTATGGGTGGTGG

etet+ ++o

0T¢



L25642-Crypto.parvum
AF112569-Crypto.parvum
AF115378-Crypto.wrairi

AF111186-Cyclospora.colobi

Appendix C (cont.)

TGCATGGCCGTTCTTAGTTGGTGGA
TGCATGGCCGTTCTTAGTTGGTGGA

TGCATGGCCGTTCTTAGTTGGTGGA

TGCATGGCCGTTCTTAGTTGGTGGA :

AF111187-Cyclospora.papionisTGCATGGCCGTTCTTAGTTGGTGGA

L19080-Cytauxzoon.felis
AF531418-Cytauxzoon.sp.
AF080614-Eimeria.falciform is
AY028972-Eimeria.weybridg...
X65163-Entamoeba.histolytica
X89636-Entamoeba.histolytica

L31799-Gregarina.caledia

TGCATGGCCGTTCTTAGTTGGTGGA
TGCATGGCCGTTCTTAGTTGGTGGA
TGCATGGCCGTTCTTAGTTGGTGGA

TGCATGGCCGTTCTTAGTTGGTGGA

TGCATGGCCGTTCTTAGTTGGTGGA :

TGCATGGCCGTTCTTAGTTGGTGGA

GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
"GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
GTGATCTGTCTGGTTAATTTCGATAACGAACGAGACCTTAGCC
GTGATCTGTCTGGTTAATTTCGATAACGAACGAGACCTTAGCC
GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
GTGATCTGTCTGGTTAATTTCGATAACGAACGAGACCTTAGCC
GTGATCTGTCTGGTTAATTTCGATAACGAACGAGACCTTAGCC
GTGATTTGTCAGGTTAATTCCGGTAACGAACGAGACTGAAACC

:GTGATTTGTCAGGTTAATTCCGGTAACGAACGAGACTGAAACC

TGCATGGCCGTTCTTAGTCGGTG : AGGTGACTTGTCTGGTTAATTCCGATAACGGACGAGACCTCGACC

L31841 -Gregarina.chortioceteSTGCATGGCCGTTCTTAGTCGGTG :AGGTGACTTGTCTGGTTAATTCCGATAACGGACGAGACCTCGACC

AHO008381-Hammondia.hamm...
MF5494-Haemogregarina.sp.(...
MF5499-Haemogregarina.sp.(...
MF5502-Haemogregarina.sp.(..
MF5510-Haemogregarina.sp.(...
MF5511-Haemogregarina.sp.(...
MF5518-Haemogregarina.sp.(...

MF5796-Haemogregarina.sp.(...

TGCATGGCCGTTCTTAGTTGGTGGA

TGCATGGCCGTTCTTAGTTGGTGGA

TGCATGGCCGTTCTTAGTTGGTGGA :

.TGCATGGCCGTTCTTAGTTGGTGGA

TGCATGGCCGTTCTTAGTTGGTGGA

TGCATGGCCGTTCTTAGTTGGTGGA :

TGCATGGCCGTTCTTAGTTGGTGGA

TGCATGGCCGTTCTTAGTTGGTGGA :

11660 11670

11680

GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
SGTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC

GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC

11690 11700 il710 11720

TGCATGGCCGTTCTTAGTTGGTGGA: GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC

e+ +++e

LRI .+

112



Appendix C (cont.)

L25642-Crypto.parvum TGCTAAATAG :ACATAAGAA :ATAT ; T :ATAT TTTTTATCTGTCTTCTTAGAGGGAC :TTGTATGTT
AF112569-CryptO.parvum TGCTAAATAG :ACATAAGAA :ATAT : ;T:ATAT :TTTTTATCTGTCTTCTTAGAGGGACTTTGTATGT :
AF115378-Crypto.wrairi TGCTAAATAG :ACATAAGAA :ATAT : :T :ATAT -TTTTTATCTGTCTTCTTAGAGGGACTTTGTATGT ;
AF111186-Cyclospora.colobi TGCTAAATAG : GATCGGGAAC : : :CT:CGG: : T: T: TCCGCATCACTTCTTAGAGGGACTTTGCGTGTC
AF111187-Cyclospora.papionisTGCTAAATAG :GATCGGGAAC : : :CT :CGGT :T :TCC : :GCATCACTTCTTAGAGGGACTTTGCGTGTC
L19080-Cytauxzoon.felis TGCTAAATAGGATCTGAGAATAAACTTTATGTTGTCTCAGCATCGCTTCTTAGAGGGACTTTGCGGTTA
AF531418-Cytauxzoon.sp. TGCTAAATAGGATCTGAGAATAAACTTT :TGTTGTCTCAGCATCGCTTCTTAGAGGGACTT :GCGGTTA
AF080614-Eimeria.falciformis TGCTAAATAG : GATCGGGAAC : : : :T:CGG: :T:T:TCCGCATCACTTCTTAGAGGGACTTTGCGTGTC
AY028972-Eimeria.weybridg... TGCTAAATAG: GATCGGGAAC: : : :TACGG : : T:T :CTCGTATCACTTCTTAGAGGGACTTTGCGTGTC

X65163-Entamoeba.histolytica TATTAATTAGTTTTC :TGCCTATAAGACAGAAATGTTCGCAAGAACAGGTGCGTAAGTACCACTTCTTA

X89636-Entamoeba.histolytica TATTAATTAGTTTTC : TGCCTATAAGACAGAAATGTTCGCAAGAACAGGTGCGTAAGTACCACTTCTTA

L31799-Gregarina.caledia TGCTAACTAG : : : :CAGACACTT : ACAGATAGTAAGTGTTTA : :GCTTCTTAGAGGGACTTTGTGAGTC
L31841 -Gregarina.chortiocetesTGCTAACTAG : : : :CAAACA:TTTACAG CCGTAAGTGTTTA: :GCTTCTTAGAGGG CTTTGTGAGTC
AHO008381-Hammondia.hamm... TGCTAAATAG :GATCAGGA : :A:C: ::T:TCGTGTTCTTGTATCACTTCTTAGAGGGACTTTGCGTGTC
MF5494-Haemogregarina.sp.(... TGCTAAATAGGGT : :GAAAAACTTAGTGTTTTTAAA : :::T: :TACTTCTTAGAAGGACTTTGCGTGTC
MF5499-Haemogregarina.sp.(... TGCTAAATAGGGT : : AAAAAACTATGTGTTTTTAAA : : : :T: :TACTTCTTAGAAGGACTTTGCGTGTC
MF5502-Haemogregarina.sp.(... TGCTAAATAGGGT: : AAAAAACTATGTGTTTTTAAA : : : :T: :TACTTCTTAGAAGGACTTTGCGTGTC
MF5510-Haemogregarina.sp.(... TGCTAAATAGGGT: : GAAAAACTTTGTGTTTTTAAA : :: :T: :TACTTCTTAGAAGGACTTTGCGTGTC
MF5511-Haemogregarina.sp.(... TGCTAAATAGGGT: : AAAAAACTGTGTGTTTTTAAA : :: :T: :TACTTCTTAGAAGGACTTTGCGTGTC
MF5518-Haemogregarina.sp.(... TGCTAAATAGGGT: : AAAAAACTATATGTTTTTAAA : :: :T: :TACTTCTTAGAAGGACTTTGCGTGTC
MF5796-Haemogregarina.sp.(...TGCTAAATAGGGT: : AAAAAACTATGTGTTTTTAAA : : : :T: :TACTTCTTAGAAGGACTTTGCGTGTC

11730 11740 11750 11760 11770 11780 11790

TGCTAAATAG:GTTCAAGAAMATATTTTTTTTT: TTTTTATATTACTTCTTAGAGGGACTTTGCGTGTC

eeet ete e e el O B O B B e e e e
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Appendix C (cont.)

L25642-Crypto.parvum TAAT: CACA:GG: iy
AF112569-Crypto.parvum TTAAT :ACAGGG: © : ;i ooy ooy vorr vy v vv v v vv g

AF115378-Crypto.wrairi TTAAT :ACAGGG: ::::: i1 ss:s Sl
AF111186-Cyclospora.colobi TAA::CGCAAGG : ::::: il iirrirorronyorrrnrrnnrrony
AF111187-Cyclospora.papionisTAA: :CGCAAGG: : @ ::: il nnnniy oo
L19080-Cytauxzoon.felis TAAAT CGCAAGG: & & & o o Lttty
AF531418-Cytauxzoon.sp. TAAATCGCAAGG: s @ @0 i 8S8SS8SSS il Sl ry oy ooy
AF080614-Eimeria.falciformis TAA: CGCAAGG: ::::: il rrroirrrrrrrooorrrnnn
AY028972-Eimeria.weybridg... TAA: {CGCAAGG: :::: il rirrrnrnn oo

X65163-Entamoeba.histolytica AAGGG: ACACATTTCAATTGTCCTATTTTAATTG : TAG: TTATCTAATTTCGGTTAGACCTCTTTTAAC

X89636-Entamoeba.histolytica AAGGG : ACACATTTCAATTGTCCTATTTTAATTGTTAGGTTATCTAATTTCGATTAGAACTCTTTTAAC

L31799-Gregarina.caledia TAT : :

L31841 -Gregarina.chortiocetesTAT :

CACAAGG : :::::roorrrrrroionrrrrrrrnnnnrr ooy

CACAAGG .........................................................

AHO008381 -Hammondia.hamm... TAA CCG AAGG .........................................................

MF5494-Haemogregarina.sp.(... TAA:
MF5499-Haemogregarina.sp.(... TAAT
MF5502-Haemogregarina.sp.(... TAAT
MF5510-Haemogregarina.sp.(... TAA:

MF5511-Haemogregarina.sp.(... TAAT :

MF5518-Haemogregarina.sp.(... TAA:
MF5796-Haemogregarina.sp.(... TAAT

TAA:

: CGCAAGG ........................................................

. :GCAAGG .........................................................

- GCAAGG .........................................................

: CGCAAGG ........................................................

. GCAAGG: ........................................................

: CGCAAGG ........................................................

. GCAAGG ........................................................

1. 800 11810 11820 11830 11840 {1850 IT86

:CGCAAGGGACAATTGTCCTWTTTTAATTGGTAGGTTWTYTAMTTTCGATTWGATCTCKTTKAAC

€T¢



L25642-Crypto.parvum

AF112569-Crypto.parvum @@ ool

AF115378-Crypto.wrairi @ ioonorororoinnni

AF111186-Cyclospora.colobi oo

AF111187-Cyclospora.papionis: @ : @ @@ @@

L19080-Cytauxzoon.felis s

AF531418-Cytauxzoon.sp. @ @il

AF080614-Eimeria.falciformis : : : @

AYO028972-Eimeria.weybridg... ::: oo
X65163-Entamoeba.histolytica GTGGGAAAAAGAAAAAGG
X89636-Entamoeba.histolytica GTGGGAAAAAGAAAAAGG
L31799-Gregarina.caledia e
L31841-Gregarina.chortiocetes :

AHO008381-Hammondia.hamm... 0o
MF5494-Haemogregarina.sp.(... @ @@
MF5499-Haemogregarina.sp.(... SSSSS::SSSSSSSSSSS
MF5502-Haemogregarina.sp.(... : : @@
MF5510-Haemogregarina.sp.(... i t: o
MF5511-Haemogregarina.sp.(... @ @ @@
MF5518-Haemogregarina.sp.(... @ @@ @@ @i

MF5796-Haemogregarina.sp.(... @ @@

Appendix C (cont.)

0 11870 11880 i1890

GTGKKAMAAAGAAAAAGGTTCGTGCACTTCGAAATAAGCAAATCAACCAGGTTCAATTTTACCTAAGWA

i1900

11910

11920

119

1474



Appendix C (cont.)

<) L25642-Crypto.parvum Drornrrrorrrrnrrrrnrrrrroirrroorrrrrorrrrrrrrrrrrrrrrrrrrrrrrr AAGTTT D AG
5) AF112569-Crypto.parvum | S Y N C R L L R Y €
| AF115378-Crypto.wrairi oonnrrnnorrniiiiriiiioiniiiiiiiiriiiiirriiioriirroorrrrrorr AAGTTTTAG
<) AF111186-Cyclospora.colobi P S Y .V N C R B I N C Y Y €]
<) AF111187-Cyclospora.papionis : : : : @ @ @@ @ :;;;;oiioiiioiiiiioiiiiiiioiiiiiiiiiiiiiiiiiiiiiiaiiii AAGTTTGAG
D L19080-Cytauxzoon.felis AAGTTTAAG
<) AF531418-Cytauxzoon.sp. A A A A Y W N C T B I VN €
<) AF080614-Eimeria.falciformis : :: :::: ooy n sy AAGTTTGAG
§) AY028972-Eimeria.weybridg... @ oo st orrrrrrrnosorrrrrrrrrnn o rrrrrrrrrrrnr AAGTTTGAG
<) X65163-Entamoeba.histolytica : ::::::::::::rrrrrrrrrrr ooyt AAGCATTCA
<) X89636-Entamoeba. histolytica : : : :::::::ororoiorooroorniiooinoiiiiniiiioiiiioiiiioiiiiiiiiiiriir: AAGCATTCA
<) L31799-Gregarina.caledia Y VAN A B o ey Y €}
<) L31841 -Gregarina.chortiocetes: : : : : @ : @ ;:;o;oioiioinoiiioiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii AAGTTCGAG
<) AH008381-Hammondia.hamm AAGTTTGAG
D MF5494-Haemogregarina.sp.( AAGTGTGAG
<) MF5499-Haemogregarina.sp.( AAGTTTGAG
<) MF5502-Haemogregarina.sp.( AAGTTTGAG
<) MF5510-Haemogregarina.sp.( AAGTTTGAG
<) MF5511-Haemogregarina.sp.( AAGTTTGAG
<) MF5518-Haemogregarina.sp.( AAGTTTGAG
<) MF5796-Haemogregarina.sp.( AAGTTTGAG

30 11940 i1950 11960 i1970 i1980 11990 12

WGKRTKTMWYTTGCTTKATTKTAAWGCTTCTTAGAGGAACRRTGTGTGTSTAACACAAGGAAGTTTGAG

G1¢



L25642-Crypto.parvum GCAATAA
AF112569-Crypto.parvum GCAATAA
AFl15378-Crypto.wrairi GCAATAA
AFl11186-Cyclospora.colobi GCAATAA

AF111187-Cyclospora.papionisGCAATAA
L19080-Cytauxzoon.felis GCAATAA
AF531418-Cytauxzoon.sp. GCAATAA
AF080614-Eimeria.falciformis GCAATAA
AY028972-Eimeria.weybridg... GCAATAA
X65163-Entamoeba.histolytica GCAATAA
X89636-Entamoeba.histolytica GCAATAA
CCTATAA

L31841 -Gregarina.chortiocetesCCTATAA

L31799-Gregarina.caledia

AH008381-Hammondia.hamm... GCAATAA
MF5494-Haemogregarina.sp.(... GCAATAA
MF5499-Haemogregarina.sp.(... GCAATAA
MF5502-Haemogregarina.sp.(... GCAATAA
MF5510-Haemogregarina.sp.(... GCAATAA
MF5511-Haemogregarina.sp.(...GCAATAA
MF5518-Haemogregarina.sp.(... GCAATAA

MF5796-Haemogregarina.sp.(... GCAATAA

GCAATAA

:CAGGTC
:CAGGTC
:CAGGTC
:CAGGTC
:CAGGTC
:CAGGTC
:CAGGTC
:CAGGTC
:CAGGTC
:C GGTC
:CAGGTC
:CAGGTC
:CAGGTC
:CAGGTC
:CAGGTC
:CAGGTC
:CAGGTC
:CAGGTC
:CAGGTC
:CAGGTC
:CAGGTC

i2010
:CAGGTC

Appendix C (cont.)

:TGTGATGCCCTTAGATGTCCTGGGC GCGCGCGCTACACTGATGCATCCAT
:TGTGATGCCCTTAGATGTCCTGGGCCGCGCGCGCGCTACACTGATGCATCCAT
:TGTGATGCCCTTAGATGTCCTGGGCCGCGCGCGCGCTACACTGATGCATCCAT
:TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCATGCAA
:TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCATGCAA
:TGTGATGCCCTTAGATGTCCTGGGCTGCACGCGCGCTACACTGATGCATTCAT
:TGTGATGCCCTTAGATGTCCTGGGCTGCACGCGCGCTACACTGATGCATTCAT
:TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCATGCAA
:TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCATGCAA
:TGTGATGCCCTTAGACATCTTGGGCCGCACGCGCGCTACAATGGAGTTACTAG
TGTGATGCCCTTAGACATCTTGGGCCGCACGT:CGCTACAATGGAGTTACTAG
TGTGATGCCCTTAGATGGCCTGGGCTGCACGTGCGCTACAATGACAGAGCCAG
:TGTGATGCCCTTAGATGGCCTGGGCTGCACGTGCGCTACAATGACAGAGCCAG
TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCATCCAA
TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTAC
:TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACAATGATGCACCCAA
TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACAATGAT
TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACAATGATGCACCCAA
:TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTAC
:TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACAATGATGCACCCAA

:TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACAATGATGCACCCAAF

12020 12030 i2040 12050 12060 T
:TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCATCCAA

..... o . + + + o e o e o + o o o +

91¢



Appendix C (cont.)

L25642-Crypto.parvum CAAGTATATAT : TCCTGTTTCG :
AF112569-Crypto.parvum CAAGTATATAT ;TCCTGTTTCG :
AF115378-Crypto.wrairi CAAGTATATAT TCCTGTTTCG :

AF111186-Cyclospora.colobi CGAGT:T:TTTGGCCTTGGCCG:

AF111187-Cyclospora.papionisCGAGT :T: TTTGGCCTTGGCCG :

L19080-Cytauxzoon.felis CGAGTATATCCTTGGCCGAGAG:

AF531418-Cytauxzoon.sp. CGAGTTCATCCTTGGCCGAGAG

AF080614-Eimeria.falciformis CGAGT T:TTTAACCTTGGCCG

AYO028972-Eimeria.weybridg... CGAGT :T:CTTGACCTTGGCCG : : : @ @@ 1 i i o i oo i i i iiiiioinioornrn s
X651 63-Entamoeba.histolytica AGAGTATTTTATCATTTACACCTTATTTATTAGGCTTTGTCTAATAATTAAGGATAGTAAGTGGTGTAC
X89636-Entamoeba.histolytica AGAGCATTTTATCATTTACACCTTATTTATTAGGCTATGTCTAATAATTAAGGATAGTAAGTGGTGTAC
L31799-Gregarina.caledia CGAGTATTACCCTTC : :TTCCG: : : @i il oo

L31841 -Gregarina.chortiocetesCGAGTATTACCCTTC : : TTCCG: @ :: @ttt i1 i il i

AHO008381-Hammondia.hamm... CGAGTTTATAA:CCTTGG :CCG : : @ @@ o1l
MF5494-Haemogregarina.sp.(...

MF5499-Haemogregarina.sp.(...CAAGTTTAT:ACTTG

MF5502-Haemogregarina.sp.(...

MF5510-Haemogregarina.sp.(...CAAGTTTAT

MF5511-Haemogregarina.sp.(...

MF5518-Haemogregarina.sp.(...CAAGTTTAC CT

MF5796-Haemogregarina.sp.(...CAAGTTTATAAC

2070 12080 12090 12100 12110 12120 12130
CGAGTTTATAT: TCCTTGGCCGYAGGTGCGGGGGYTWTGTCTMATAATWAARKMWASTAAGTGSTKTWC

+

LT¢



Appendix C (cont.)

L25642-Crypto.parvum trrriiit D AAGGAAATGGGTAATCTTTTGAA: TATGCAT : CGTGATGGGGATAGATCATTGCAATTAT

AF112569-Crypto.parvum trrriiir AAGGAAATGGGTAATCTTTTGAA: TATGCAT : CGTGATGGGGATAGATCATTGCAATTAT
"D AF115378-Crypto.wrairi i iriir AAGGAAATGGGTAATCTTTTGAA: TATGCAT : CGTGATGGGGATAGATCATTGCAATTAT
D AF111186-Cyclospora.COlobi :::::::: GCAGGTCT :GGGTAATCTTTTGAG : TGTGCAT :CGTGATGGGGATAGATTATTGCAATTAT
D AF111187-Cyclospora.papionis : :::::: :GCAGGTCT : GGGTAATCTTTTGAG : TGTGCAT : CGTGATGGGGATAGATTATTGCAATTAT
D L19080-Cytauxzoon.felis tirrrrriiiil GCTTGGGTAATCTTTAG @ @ : TATGCAT : CGTGATGGGGATTGATTATTGCAATTAT
D AF531418-Cytauxzoon.sp. i iiiiir GCCCGGGTAATCTTTAG : : : TATGCAT : CGTGATGGGGATTGATTATTGCAATTGT
D AF080614-Eimeria.falciformis ::::::: :GCAGGTCT : AGGTAATCTTTTGAG : TATGCAT : CGTGATGGGGATAGATTATTGCAATTAT
D AY028972-Eimeria.weybridg... ::::::: :GAAGGTCT : AGGTAATCTTTTGAG : TGTGCGT : CGTGATGGGGATAGATTATTGCAATTAT
D X65163-Entamoeba.histolytica CGAGATTGAAATAGTTAAGGAAAACTCAAAAGAACGTACAT :GACA: : GGGATAAATGATTGGAATTAT
D X89636-Entamoeba.histolytica CGAGATTGAAATAGTTAAGGAAAACTCAAAAGAACGTACAT :GACA: : GGGATAAATGATTGGAATTAT
D L31799-Gregarina.caledia iiiii (TTCGGAGT : GGGCAATCTTTTGAA: : ACTCTGTCGTGATAGGGATTGACCCTTGCAATTAT
D L31841 -Gregarina.chortiocetes : :::::: : TTCGGAGT :GGGCAATCTTTTGAA: : ACTCTGTCGTGATAGGGATTGACCCTTGCAATTAT
D AH008381-Hammondia.hamm... ::::::: ATAGGTCT : AGGTAATCTTGTGAG : TATGCAT : CGTGATGGGGATAGATTATTGCAATTAT

<) MF5494-Haemogregarina.sp.(.
<) MF5499-Haemogregarina.sp.(
D MF5502-Haemogregarina.sp.(
D MF5510-Haemogregarina.sp.(
<) MF5511-Haemogregarina.sp.(
D MF5518-Haemogregarina.sp.(

<

~

MF5796-Haemogregarina.sp.(

12140 12150 12160 12170 12180 12190 12200
CKASAYTGAAAGGWCT: GGGTAATCTTTTGAG: TATGCAT: CGTGATGGGGATAGATTATTGCAATTAT



L25642-Crypto.parvum

AF112569-Crypto.parvum

AF115378-Crypto.wrairi

AF111186-Cyclospora.co

AF111187-Cyclospora.papionisTAATCT:

L19080-Cytauxzoon.felis

lobi

AF531418-Cytauxzoon.sp.

AF080614-Eimeria.falciformis TAATCT: TCAACGAGG
AY028972-Eimeria.weybridg... TAATCT:
X65163-Entamoeba.histolytica TTGTTT:

X89636-Entamoeba.histolytica TTGTTT:

L31799-Gregarina.caledia

L31841 -Gregarina.chortiocetesGGGTCA:
AH008381-Hammondia.hamm... TAATCT:

MF5494-Haemogregarina.sp.(..

MF5499-Haemogregarina
MF5502-Haemogregarina
MF5510-Haemogregarina
MF5511-Haemogregarina
MF5518-Haemogregarina.

MF5796-Haemogregarina

.sp.(..
.sp.(..
.sp.(..
sp.(..
sp.(..
.sp.(..

TG'TCT: TGAACGAGG
TGATCT: TGAACGAGG
TGATCT: TGAACGAGG

TAATCT: TCAACGAGG

TAATCA: TGAACGAGG

TAATCATG: AACGAGG

GGGTCA: TGAACGAGG

12210

TCAACGAGG

TCAACGAGG
TGAACGAGG

TGAACGAGG

TGAACGAGG

TCAACGAGG

12220

Appendix C (cont.)

AATTC

12230

12240

AATTCCTAGTAAGCGCAAGTCATCAGCTTGCGC
AATTCCTAGTAAGCGCAAGTCATCAGCTTGCGC
:AATGCCTAGTAGGCGCAAGTCAGCAGCTTGCGC
:AATGCCTAGTAGGCGCAAGTCAGCAGCTTGCGC
AATGCCTAGTAGACGCGAGTCATCAGCTCGTGT
AATGCCTAGTAGACGCGAGTCATCAGCTCGTGT
AATGCCTAGTAGGCGCAAGTCAGCAGCTTGCGC
:AATGCCTAGTAGGCGTAAGTCAGCAGCTTGCGC
CAATTCCTTGTAATATCGAGTCATTAACTCGAGA
AATTCCTTGTAATATCGAGTCATTAACTCGAGA
AATTCCTAGTAAGAACAAGTCATCACCTTGTGC
:AATTCCTAGTAAGGACAAGTCATCACCTTGTGC

:AATGCCTAGTAGGCGCAAGTCAGCAGCTTGCGC

12250

TGATTACGTCCCTGCCCT
TGATTACGTCCCTGCCCT
CGATTACGTCCCTGCCCC
CGATTACGTCCCTGCCCC
CGATTACGTCCCTGCCCT
CGATTACGTCCCTGCCCT
CGATTACGTCCCTGCCCT
CGATTACGTCCCTGCCCT
TGAATACGTCCCTGCCCT
TGAATACGTCCCTGCCCT
TGATTACGTCCCTGCCCT
TGATTACGTCCCTGCCCT

CGATTACGTCCCTGCCCT

12260 12270

TAATCT: TGAACGAGG:AATTCCTAGTAAGCGCAAGTCATCAGCTTGCGC: TGATTACGTCCCTGCCCT

+ . + eo+4oe
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Appendix C (cont.)

L25642-Crypto.parvum

AF112569-Crypto.parvum TTGTACACACCGCCCGTCGCTCCTACCGATTGAATGATCCGGTGAATTATTCGGAC CAT :ACT :T::T
AF115378-Crypto.wrairi TTGTACACACCGCCCGTCGCTCCTACCGATTGAATGATCCGGTGAATTATTCGGAC CAT :ACT;T: T
AF111186-Cyclospora.colobi TTGTACACACCGCCCGTCGCTGCAACCGATCGGAGGGTCCTGTGAACTCATCGGA :C: : TGATCAACTC
AF111187-Cyclospora.papionisTTGTACACACCGCCCGTCGCTGCAACCGATCGGAGGGTCCTGTGAACTCATCGGA : :C: TGATCATCTT
L19080-Cytauxzoon.felis TTGTACACACCGCCCGTCGCTCCTACCGANCGAGTGATCCGGTGAATTATTCGGACTGTGGTGAATCTA
AF531418-Cytauxzoon.sp. TTGTACACACCGCCCGTCGCTCCTACCGATCGAGTGATCCGGTGAATTATTCAGACCGTGG @ @ 1 1 :CGC

AF080614-Eimeria.falciformis TTGTACACACCGCCCGTCGCTGCAACCGATCGGAGGGTCCTGTGAATTCATCGGA : : T : TGACCATCTT
AYO028972-Eimeria.weybridg... TTGTACACACCGCCCGTCGCTGCAACCGATCGGAGGGTCCTGTGAACTCAATGGA : : C:TGACCAAC : T
X65163-Entamoeba.histolytica TTGTAC, CACCGCCCGTCGCTCCTACCGATTGAATAAAGAGGTGAAATTCT,; GGAT : TCTGTCTTATAs
X89636-Entamoeba.histolytica T : GTACACACCGCCCGTCGCTCCTACCGATTGAATAAAGAGGTGAAATTCTAGGAT : TCTGTCTTATA :
L31799-Gregarina.caledia TTGTACACACCGCCCGTCGCTTCAACCGATTGGATGATCCGGCAAACTGTACAGACATTTGGAATTACC

L31 841 -Gregarina.ChortiocetesTTGT C CACCGCCCGTCGCTTCAACCG 'TTGGATGATCCGGCAAACTGTACAGACATTTGAAACCACC
AH008381-Hammondia.hamm... TTGTACACACCGCCCGTCGCTCCTACCGATTGAGTGTTCCGGTGAATTATTCGGAC :CGT : : sTTT :GT

MF5494-Haemogregarina.sp.(.
MF5499-Haemogregarina.sp.(
MF5502-Haemogregarina.sp.(
MF5510-Haemogregarina.sp.(
MF5511-Haemogregarina.sp.(
MF5518-Haemogregarina.sp.(
(

MF5796-Haemogregarina.sp

12280 12290 12300 12310 12320 12330 12340
TTGTACACACCGCCCGTCGCTCCTACCGATTGAATGATCCGGTGAATTATTCGGAC: CATGACT: T: :Te

o ++++

0¢¢



Appendix C (cont.)

<) L25642-Crypto.parvum
D AF112569-Crypto.parvum G; :T: : :AG CAATACATGT: AAGGAAAGTTTCGTAAACCTTATCTCTT: A:GAGGAAGGAGAA
<) AF115378-Crypto.wrairi G::T:: :AG CAATACATGT: AAGGAAAGTTTCGTAAACCTTATCATTT: A:GAGGAAGGAGAA

<) AF111187-Cyclospora.papionisTG CT: TTTGC GGAGTTG GTCGGAAAGTTGCGTAAATAGAGCCCTCT:AiAAGGATGCAAAA

§) L19080-Cytauxzoon.felis ATTCGTTAG:: :::: ATACGCCATGGAAAGTTTTGTGAACCTTATCACTT: AA: AGGAAGGAGAA:
<) AF531418-Cytauxzoon.sp. TTCTAATTCGTTAGA
<) AF080614-Eimeria.falciformis CG C :TTGC GTTGTTG GTCGAGAAGTTGCGTAAATAGAGCCCTCT: A: AAGGATGCAAAA

D AY028972-Eimeria.weybridg... C: :CC: CTCG GGGGTTG GTCGGGAAGTTGCGTAAATAGAGCCCTCT: A:AAGGATGCAAAA

D X89636-Entamoeba.histolytica :::::: tiriririiiir GATAGAAAAATGGATTTAAATCTCCTTATTTA: GAGGAAGGAGAA:

:GTC
:GTC
§) AF111186-Cyclospora.colobi TG:C:: TTTGC:GGAGCTG: GTCGGAAAGTTGCGTAAATAGAGCCCTCT: A: AAGGATGCAAAA:

GTC

:GTC

GTC

:GTC
:GTC
<) X65163-Entamoeba.histolytica :::::: ciiiiiiiirrr GATAGAAAAATGGATTTAAATCTCCTTATTTA: GAGGAAGGAGAA:

GTC
GTC

<JL31799-Gregarina.caledia TGGAGTTCCTCTAGGCTTTCGAG: CGGAAGTACCGTGAGCCTTATCATCT :A:GAGGATGAAGAA: GTC

| L31841-Gregarina.chortiocetesTGGAGTTCCTCTAGGCTTTCGAG : TGGAAGTACCGTGAGCCTTATCATCT : A:GAGGATG AAGAA:
U AH008381 -Hammondia.hamm..G:GC :GC :GT : TCGTGCCCGAAATGGGAAGTTTTGTGAACCTTAACACTT : A:GAGGAAGGAGAA:

D MF5494-Haemogregarina.sp.(.

5) MF5499-Haemogregarina.sp.(

N

) MF5502-Haemogregarina.sp.(
<) MF5510-Haemogregarina.sp.(

<) MF5511-Haemogregarina.sp.(

N

) MF5518-Haemogregarina.sp.(

<) MF5796-Haemogregarina.sp.(

GTC
GTC

12350 12360 12370 12380 12390 12400 12410

G::T::::AG:CAGTACATGT:AAGGAAAGTTTCGTAAACCTTATCATTT:A:GAGGAAGGAGAA:

GTC



L25642-Crypto.parvum

AF112569-Crypto.parvum

AF115378-Crypto.wrairi

AF111186-Cyclospora.co

L19080-Cytauxzoon.felis

lobi

AF531418-Cytauxzoon.sp.

Appendix C (cont.)

G:T: :AACAAGGTTTCCGTAGGTGAACCTGC:
G:T: :AACAAGGTTTCCGTAGGTGAACCTGC:
G:T: :AACACGGTTTCCGTAGGTGAACCTGC:
AF111187-Cyclospora.papionisG : T: :AACACGGTTTCCGTAGGTGAACCTGC:
G:T: :AACAAGGTTTCCGTAGGTGAACCTGC:

AF080614-Eimeria.falciformis G: T: AACACGGTTTCCGTAGGTGAACCTGC

AY028972-Eimeria.weybridg... G :

X65163-Entamoeba.histolytica G:

:AACACGG
:AACAAGGTTTCCGTAGGTGAACCTGC

—

—

X89636-Entamoeba.histolytica G: T: :AACAAGGTTTCCGTAGGTGAACCTGC

L31799-Gregarina.caledia

:AGAAGGATCA
:AGAAGGATCA
:AGAAGGATCA
:AGAAGGATCA
:AGAAGGATC

:G GAAGGATC

:G:GAAGGATCA
:G:GAAGGATCA

G:T: :AACACGGTTTCCGTAGGTGAACCTGCG
L31841 -Gregarina.chortiocetesG : T: :AACACGGTTTCCGTAGGTGAACCTGCG

AHO008381-Hammondia.hamm...G: T: :AACAAGGTTTCC

MF5494-Haemogregarina.
MF5499-Haemogregarina.
MF5502-Haemogregarina.
MF5510-Haemogregarina.
MF5511-Haemogregarina.
MF5518-Haemogregarina.

MF5796-Haemogregarina.

sp.(...
sp.(...
sp.(...
sp.(...
sp.(...
sp.(...

sp.(...

12420 12430 12440

12450

12460

G:T:::AACAAGGTTTCCGTAGGTGAACCTGC: : AGAAGGATCAWTC

¢ace



N

MF5826-Haemogregarina.sp.(...
MF5864-Haemogregarina.sp.(...
5 MF5898-Haemogregarina.sp.(...
) MF7948-Haemogregarina.sp.(...
5 MF7951-Haemogregarina.sp.(...
) MF7952-Haemogregarina.sp.(...

1) AF176836-Hepatozoon.ameri...

) AF206669-Hepatozoon.canis

D AF176835-Hepatozoon.canis

f)y AF176837-Hepatozoon.catesb...

1) AF206671-Hepatozoon.sipedon

I) AF418558-Hepatozoon.sp.

1) AF298623-Hyaloklossia.liebe...

i) AF080612-Isospora.robini

i) U97523-Isospora.suis

1) AFO80611-Lankesterelia.mini...

f) AF457130-Leidyana.migrator
f)y AF457127-Monocystis.agilis
1) AF213514-Monocystis.agilis
D Ul7346-Neospora.caninum

?) AF129883-Ophriocystis.elek.

Appendix C (cont.)

CCCCGCCGCCAGTAGTCATAT: iGCTTGTC: TTAAAGAT: TAA:GCCAT:GCATGTCTAAG

ATCTGGTTGATCCTGCCAGTAGTCATAT :
ATCTGGTTGATCCTGCCAGTAGTCATAT :

AGTAGTCATAT
ACCTGGTTGATCCTGCCAGTAGTCATAT
ATCTGGTTGATCCTGCCAGTAGTCATAT

AGTCATAT
GGTTGATCCTGCCAGTAGTCATAT

AACCTGGTTGATCCTGCCAGTAGTCATAT : : GCTTGTC: TCAAAGAT: TAA:GCCAT:

eeeeot -+ Joo

:GCTTGTC i TCAAAGAT:
:GCTTGTC: TTAAAGAT:

TTGTC: TCAAAGA: :
GCT:GTTTTCTCAGAT:
GCTCATT: TCGAAGAC:
GCTCATTT: CGAAGAC:
GCTTGTC: TTAAAGAT:

TAA
TAA

CA:

TAA
TAA
TAA
TAA

:GCCAT:
:GCCAT:

TGTCTAAG
GCATGTCTAAG
GCATGTCTAAG

:CCTTTGCAAGTCTAAG

:GCCAT:
:GCCAT:
:GCCAT:
:GCCAT:

GCTTGTC: TCAAAGATGTACCGCCAT:
Tl ITO I20 ITO ITO

ITO

GCAAGTCTAAG
GCATGTCTAAG
GCAAGTCTAAG
GCATGTCTAAG
GCAAGTCTTAG

ITO
GCATGTCTAAG

€cc



MF5826-Haemogregarina.sp.(
MF5864-Haemogregarina.sp.(
) MF5898-Haemogregarina.sp.(
I MF7948-Haemogregarina.sp.i
s) MF7951-Haemogregarina.sp.(

J MF7952-Haemogregarina.sp.(.

Appendix C (cont.)

J AF176836-Hepatozoon.ameri... TACAT:ACAAT:AATAC: : ::: :AG: TAAAACTGCAAATGGCTCATTAAAACAGTTATAGTTTATTT

?) AF206669-Hepatozoon.canis
|) AF176835-Hepatozoon.canis
1) AF176837-Hepatozoon.catesbh...
?) AF206671-Hepatozoon.sipedon

I)AF418558-Hepatozoon.sp.

) AF298623-Hyaloklossia.liebe... :TATAA:GCTTTT :ATACG: :::::GC:GAAACTGCG AATGGCTCATTAAAACAGTTATAGTTTATTT
I)AF080612—|Sosp0ra.robini :TATAA :GCTTTT ATACG::::; G:TGAAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT
?) U97523-Isospora.suis CTATAA:GCTTTT ACACG: :::: GC:GAAACTGCGAATGGCTCATTAAAACAGTTATAGTCTATTT
t) AF0O80611-Lankesterelia.mini... :TATAG:GCCTTT ATACG: ::::AGC:GAAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATAT
?) AF457130-Leidyana.migrator TGTA:AGTG:1::: :TACG:::::TGC:GAAACTGCGAACAGCTCATTACAACTGTTATTATCTCTAC
?) AF457127-Monocystis.agilis CTATAAIGTTGTT ATAC: :::::A:ACGAAACTGCGAATAGCTCATTAAAACAATTATAGTCTATGT
f) AF213514-Monocystis.agilis CTATAAGTTGT: ATAC:: ::::A:ACGAAACTGCGAACAGCTCATTAAAACAATCATCGTTTATGT
U1l7346-Neospora.caninum "TATAAGCTTTT ATACG: :::: GCT:AAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT
A AF129883-Ophriocystis.elek. CTATTA:GTTTTT ATACA: :::::ACG:AAACTGCGAATGGCTCATTAAAACAGTTATAATTTACGT

TTo fii6 (90 H 0 fil6 it 20 ITTO
::TATAAGCTTTT:ATACG: :::::G:TGAAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT

++++

vee



MF5826-Haemogregarina.sp.(
MF5864-Haemogregarina.sp.(
MF5898-Haemogregarina.sp.(
MF7948-Haemogregarina.sp.(..
MF7951 -Haemogregarina.sp.(
MF7952-Haemogregarina.sp.(
AF176836-Hepatozoon.ameri...
AF206669-Hepatozoon.canis
AF176835-Hepatozoon.canis
AF176837-Hepatozoon.catesb...
AF206671 -Hepatozoon.sipedon
AF418558-Hepatozoon.sp.
AF298623-Hyaloklossia.liebe...
AF080612-Isospora.robini
U97523-Isospora.suis
AF080611-Lankesterella.mini...
AF457130-Leidyana.migrator
AF457127-Monocystis.agihs
AF213514-Monocystis.agilis
U17346-Neospora.caninum

AF129883-Ophriocystis.elek.

Appendix C (cont.)

GAT : AATAAAATAT @ @ ..

gai GGl 11 1::::::
gai G G itH i 11 :::::
GAl GGIL111:::::::
GAi:ggil ih it :::::
GAL1IGLAALLILIL: @ : ::
GGGLGrAAIT. @1
GGG: :rAAI 11::::::
GAl GGTLILI11::::::
GAAAA. il lai cseceeoee

1140 1150 1160 1170

CCTGGCTA:TACATGAGC

TGCTNATACATGAGC

1180 1190 1200

GAT:GGTCTTTTTSTAKGAWAGYYTACT:ACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCGC

_(_--..-..-..---a . . Xy e e 00000000

e e e e e o0 e e+ + o0 e oo e cet o + ee e e e

Ge¢



MF5826-Haemogregarma.

MF5864-Haemogregarina.
MF5898-Haemogregarina.
MF7948-Haemogregarina.
MF7951 -Haemogregarina.
MF7952-Haemogregarina.
AFl176836-Hepatozoon.ameri...
AF206669-Hepatozoon.canis
AFl76835-Hepatozoon.canis
AF176837-Hepat0Z00n.catesb..
AF206671 -Hepatozoon.sipedon
AF418558-Hepatozoon.sp.
AF298623-Hyaloklossia.liebe..
AF080612-lsospora.robini
U97523-ISOSpora.SUIS
AF080611-Lankesterella.mini...
AF457130-Leidyana.migrator
AF457127-Monocystis.agilis
AF213514-Monocystis.agilis
Ul7346-Neospora.caninum

AF129883-Ophriocystis.elek.

Appendix C (cont.)

AAAATCTCAACTGTTTT AGAAGAGATGCATTTATTAGAITAA:AAAACCAGTACATATTTTT

AAAATCTCAAC TTTATTAGAAGAGACGCATTTATTAGA : TAA :AAAGCCAATGCATGCTTTT

AAAATCTCAACTG : TTC AAGAAGAGAAGCATTTATTAGA : TAA:AAAACCAGTGCATGTTTTT

TTTATTAGAAGAGACGCATTTATTAGA : TAA: AAAGCCAGTTCATGCTTTT

AGATACCAC : jTTCCTCT: : ::::GGAAGGGTAGTGTTTATTAGA : TAC : AGAACCAACAACCCAC : ::
A: ATCGCCTCCTTC : TCT ::::::GGAGGGGCTGTGTTTATTAGA : TAC : AAAACCAA: : :CCCAC:TT
ACGT :GCCTC : TTCCTCA :::::: GGAAGGGCAGTGTTTATTAGA : TAC : AGAACCAA ; : : CCCACCTT
AATC :GCCTCCTTC : TCT : : : : : : GGAGGGGCTGTGTTTATTAAA : TAC : AAAACCAA : : :CCCACG: :

ATAATAAACGCCGATGGTATGACAGGAGAATCGCCGAAAGGTCGTGTGAATTTCAGTCCTATCAGCTCT
CAACATCCAT'TAGG

GAACATCCATTT : : : : GGATGAC
ACAT :GCCTC : TTCCTCT :: ::::
AAAGCGC : TCGA:CTTTAC

1210 1220
AAAAACCCTACTTTTT

1230 i240 1250 i260 i270
GGAAGGGTTGTRTTTATTAGA: TAC: AGAACCAAACCACCTTTTT



Appendix C (cont.)

MF5826-Haemogregarina.sp
MF5864-Haemogregarina.sp

MF7948-Haemogregarina.sp

(
(
MF5898-Haemogregarina.sp.(...
(
MF7951-Haemogregarina.sp.(
(

MF7952-Haemogregarina.sp

AF176836-Hepatozoon.ameri... ACA GTATG LAAGTT :GGTGATTTACAATAA :CTT : AGGAAA : TCGCAAA : GTGTA
AF206669-Hepatozoon.canis

AF176835-Hepatozoon.canis ACA: :::::::::::: :GTATGGAAATT:GGTGATTTATAATAA:CTT:GGCAAA:TCGCAAA:GTGAA
AF176837-Hepatozoon.catesb.. AAAACAT: :::::::1:::::: GAAGTG: TAATGATATAAAATAA:CTAA:GCAAA:TCGCACA:GTGTA

AF206671 -Hepatozoon.sipedon

AF418558-Hepatozoon.sp. ACA: 11111111 GTATGAAAATT:GGTGATTTATAATAA:CTTAG: CAAA TCGCAAA:GTGAA
AF298623-Hyaloklossia.liebe... :::::::::::: :CTTCTGGTGGTTCTTAGGTGATTCATAGTAA ;C:CGAACGGA TCGCATTATGGCT
AF080612-Isospora.robini T: oot GTGGAGTCCTGGTGATTCATAGTAA: C: CGAACGGA TCGCAGTT:GGCT
U97523-Isospora.suis CT: troriii:1:01 11 :GGTGGTCCTCAGGTGATTCATAGTAA: C: CGAACGGA TCGCGTTATGGCT
AF080611-Lankesterella.mini..,:CAA: :::::::::::::: GTGGAGTCCTGGTGAATCATAGTAA; C:CGAACGGA TCTCAA:TTGGCC
AF457130-Leidyana.migrator CATCT: ::: 000000101 GTAA: :GGTAGCGG: :::::::

AF457127-Monocystis.agilis ATAGAGATCT: ::::::::::::::::...:GGTGGTCCATAATAA:GGTCGTGAA: TCGCATG:GCTAA
AF213514-Monocystis.agilis AG:: 10100000000 ACTCTGGTGATCCATAATAA: GGTCGTGAA: TCGCATG:GTGA:
U17346-Neospora.caninum Trrrrrrrrririi i GGTGGTCCTCGGGTGATTCATAGTAA C:CGAACGGA TCGCGTTT: GACT
AF129883-Ophriocystis.elek. :::::::orrii000: :GTGTCAATACTGTAAAAGGTA:TA: C:CACATTTT GGTAATCCATAAT

i280 1290 ITO O ITTO i320 HTO i340

ACAHWGATSWGGGCTCGCGGTGGATWTTTGGTGATTCATAATAA: CTCGAACGGA: TCGCATTTTGGCT



Appendix C (cont.)

MF5826-Haemogregarina.sp.(

MF5864-Haemogregarina.sp.(

MF5898-Haemogregarina.sp.(...

MF7948-Haemogregarina.sp.(

MF7951 -Haemogregarina.sp.(

MF7952-Haemogregarina.sp.(

AF176836-Hepatozoon.arcieri.. AACA: : iGGCGi ::::::::::::::: :ATAAATCATTT : AAG: TTTCTGACCTATCAGCTTTCGACGG
AF206669-Hepatozoon.canis

AF176835-Hepatozoon.canis AACA: ::GGCG: ::::::::::::::: ATAAATCATTC : AAG:TTTCTGACCTATCAGCTTTCGACGG
AF176837-Hepatozoon.catesb...AACTA: : :GCG: ::::::: 1111 ATAAATCATTT : AAG: TTTCTGACCTATCAGCTTTCGACGG
AF206671 -Hepatozoon.sipedon

AF418558-Hepatozoon.sp. AACA: ::GGCG: :::::itiviiirr ATAAATCATTC : AAG: TTTCTGACCTATCAGCTTTCGACGG
AF298623-Hyaloklossia.liebe... T:CGGCCGGCG: ::::::::::::::: :ATGGATC\TTC : AAG:TTTCTGACCTATCAGCTTTCGACGG
AF080612-lsospora.robini T:CGGCCCGCG: iy :ATGGATCATTC : AAG: TTTCTGACCTATCAGCTTTCGACGG
U97523-Isospora.Siis T: CGGCCGGCG: vy ATGGATCATTC :AAG:TTTCTGACCTATCAGCTTTCGACGG
AFo080611-Lankesterelia.mini...TCCGGGCCGCGCG : ::::::::::::: ACATATCATTC : AAT:TTTCTGACCTATCAGCTTTCGACGG
AF457130-Leidyana.migrator . . ... .. ..l iiiiiiiriirrrirrrrrrs CTTACAAAG : o s s sy sy

AF457127-Monocystis.agilis CGCTGGCG::::::::::::::::::: ATAT :TCCACCTGAG:TTTTTGACTTATCAGCTAG : : ATGG
AF21 3514-Monocystis.agilis ATGCCGGCG . » v vvvvvvvv s "ATGTCCCC: :CTAAG:TTTTTGACTTATCAGCTAG : : ACGG
Ul7346-Neospora.caninum T:CGGTCTGCG : : ... ACGGATCATTC : AAG:.TTTCTGACCTATCAGCTTTCGACGG

AF129883-Ophriocystis.elek.

AAGATAGCGAATCGCGCTTCGGCTTGCGATAGTTCACTT : AAG: TTTCTGACCTATCAGCTTTCGACGG

{350 i360 HTO {380 HTO

ITOO 1410

T:CGG:CTGCGCMRC: : TT :GGCTGGCGATATATCATTC: AAG:TTTCTGACCTATCAGCTTTCGACGG

8¢¢



MF5826-Haemogregarina.sp
MF5864-Haemogregarina.sp
MF5898-Haemogregarina.sp

(
(
(
MF7948-Haemogregarina.sp.(...
MF7951 -Haemogregarina.sp.(
(

MF7952-Haemogregarina.sp

AF176836-Hepatozoon.ameri... TATGGTATTGG :

AF206669-Hepatozoon.canis
AF176835-Hepatozoon.canis

AF206671 -Hepatozoon.sipedon
AF418558-Hepatozoon.sp. TATGGTATTGG
AF298623-Hyaloklossia.liebe... TACTGTATTGG
AF080612-lsospora.robini TAGGGTATTGG
TACTGTATTGG

AF080611-Lankesterella.mini...TAGGGTATTGG

U97523-Isospora.suis

AF457130-Leidyana.migrator

AF457127-Monocystis.agilis TAGGGTATTG :

AF213514-Monocystis.agilis TAlI GGTATTG :

Ul7346-Neospora.caninum TACTGTATTGG

AF129883-Ophriocystis.elek. TAGGGTATTGG
1420

TAGGGTATTGG

TATGGTATTGG :
AF176837-Hepatozoon.catesh.. TATAGTATTGG :

Appendix C (cont.)

CTTACC: :

CTTACC: :
CTTACC::

:CTTACC: :
ACTACC: :
:CCTACC: :
:ACTACC: :
:CCTACC: :

TCCTATC: :
TCCTATC: :
:ACTACC: :
:CCTACC: :

1175
:CCTACC:

GTGG: ::::::::::::::: :CAGTGACGGTTAACGGGGGATTAGGG
GTGG: ::::::::::::::. CAGTGACGGTTAACGGGGGATTAGGG
GTGG: :::::::::::::::.:CAGTGACGGTTAACGGGGAATTAGGG
GTGG: ::::::::::::::: CAGTGACGGTTAACGGGGGATTAGGG
GTGG: ::::::::::::::: CAGTGACGGGTAACGGGGAATTAGGG
GTGG: ::::::::::.:.::. CAGTGACGGGTAACGGGGAATTAGGG
GTGG: ::::::::::::::: :CAGTGACGGGTAACGGGGAATTA:GG
GTGG: ::::::::::::::. :CATTGACGGGTAACGGGGAATTAGGG

GTGG: ::::::::::::::: CAGTGACGGGTAACGGGGAATTAGGG
GTGG: ::::::::::::::: CGATGACGGGTAACGGGGAATTAGGG
1440 1450 1460 IT70 T480

:GTGGCATTGTCCTATTCGTGGCAGTGACGGGTAACGGGGAATTAGGG

6¢¢



Appendix C (cont.)

MF5826-Haemogregarina.sp.(

MF5864-Haemogregarina.sp.(

MF5898-Haemogregarina.sp.(...

MF7948-Haemogregarina.sp.(...

MF7951-Haemogregarina.sp.(...

MF7952-Haemogregarina.sp.(...

AF176836-Hepatozoon.ameri... TTCGATTCCGG GAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA
AF206669-Hepatozoon.canis

AF176835-Hepatozoon.canis TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA
AF176837-Hepatozoon.catesbh...TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA
AF206671 -Hepatozoon.sipedon

AF418558-Hepatozoon.sp. TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA 111515t
AF298623-Hyaloklossia.liebe... TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTA7 GGAAGGCAGCA: @11
AF080612-Isospora.robini TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA @1t
U97523-1SOSpora.SUIS TTCGATTCCGGAGAAGGGGCCTGAGAAAC :GCTACCACATCTAAGGAA :GCAGCAT

AF080611-Lankesterelia.mini... TTCCATTCCGGAGAGGGAGCCTGAAAAACGGCTACACCTTCTAAGGAA :GCAGCA:
AF457130-Leidyana.migrator TTCGATTCCGGAGAGGGAGCCTGAGAAACAGCTACCACATCCAAGGATGGCAGCA:

AF457127-Monocystis.agilis TTTGATTCCGGAGAGGGAGCCTGAGAAACAGCTACCACTTCCACGGAAGGCAGCA : @ it

AF213514-Monocystis.agilis TTTGATTCCGGAGAGGGAGCCTGAGAAACAGCTACCA ; TTCCACGGAAGGCAGCA; 1

U17346-Neospora.caninum TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA - 1ttt

AF129883-Ophriocystis.elek. TTTGATTCCGGAGAGGGAGCCTGAGTAACGGCTACCACATCTAAGGATGGCAGCA :
490 5116 fliTd {520 1530

TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCATATAGCAGCAGGCG:

o+ . - . .o+ . . c e e+ e B . . P

{540

GGCG

GGCG
GGCG

T55

0g¢



49] MF5826-Haemogregarina.sp.(
MF5864-Haemogregarina.sp.(
4Aj MF5898-Haemogregarina.sp.(
4H MF7948-Haemogregarina.sp.(
4s MF7951-Haemogregarina.sp.(
48) MF7952-Haemogregarina.sp.(
AF176836-Hepatozoon.ameri.
AF206669-Hepatozoon.canis
.j8f) AF176835-Hepatozoon.canis
4Aj AF176837-Hepatozoon.catesbh...
N AF206671-Hepatozoon.sipedon
i§) AF418558-Hepatozoon.sp.
AF298623-Hyaloklossia.liebe...
4N AF080612-lsospora.robini
45) U97523-Isospora.suis
AFO080611-Lankesterelia.mini..
4N AF457130-Leidyana.migrator
4N AF457127-Monocystis.agilis
4™} AF213514-Monocystis.agilis
4n Ul7346-Neospora.caninum

4+&\ AF129883-0 phriocystis.elek.

Appendix C (cont.)

CGCAAATTACCCAATTCTAACAGCATAAGAGAGGTAGTGACAAGAAATAACAATACAAGGCAATTAAA

CGCAAATTACCCAATTCTAACAGTTTGAGAGAGGTAGTAACAAGAAASTAACAATACAAGGCAATTAAA

CGCAAATTACCCAATTTTAACAGCATAAAAGAGGTAGTGACAAGAAA: TAACAGTACAAGGCAGTTTAA

CGCAAATTACCCAATTCTAACAGTTTGAGAGAGGTAGTAACAAGAAA : TAACAATACAAGGCAGTTAAA
CGCAAATTACCCAATCCTG: : :ATTCAGGGAGGTAGTGACAAGAAA : TAACAACACTGG: AAATTTCA
CGCAAATTACCCAATGAAAACAGTTTC: : iGAGGTAGTGACGAGAAA : TAACAATACAGGGCATTTTAT
CACAAATTACCCAATCCT: :: :GATTCAGGGAGGTAGTGACAAGAAA : TAACAACACT: GGAAATTTCA
CGCAAATTACCCAATGAAAACAGTTTC: : :GAGGTAGTGACGAGAAA 1 TAACAATACGGGGCATTATAT
CGTAAATTACCCAATCTC: : : : AAAACGAGGAGGTAGTTACCAGAAG : TAGTGACTGG: GGCATATGCT
CGCAAATTGTCCAATCCCTATATATT:GGGGAGACAGTGAAAAGAAA : TATCAATGCAGAACTTATAG:
CGCAAATTGTCCAATCCCAATACATT:GGGGAGACAGTGAAAAGAAG : TATCAATGCAGGGCTTTTAG:
CGCAAATTACCCAATCCT: :: :GATTCAGGGAGGTAGTGACAAGAAA : TAACAACACT:GGAAATTTCA
CGCAAATTACCCAATCCT: : : :GACACAGGGAGGTAGTGACAAGAAA : TATCATTGCAAAGCGAATTCG
0 1560 1570 580 1590 16170 1610 16
CGCAAATTACCCAATCCTAACACA: : : :GGGAGGT. GTGACAAGAAA : TAACAATACA:GGACTTTTT

oo+t

bo
u)



MF5826-Haemogregarina.sp
MF5864-Haemogregarina.sp

X

X
MF5898-Haemogregarina.sp.(...
MF7948-Haemogregarina.sp.(...
MF7951-Haemogregarina.sp.(...
MF7952-Haemogregarina.sp.(...
AF176836-Hepatozoon.ameri...
AF206669-Hepatozoon.canis
AF176835-Hepatozoon.canis
AF176837-Hepatozoon.catesb...
AF206671 -Hepatozoon.sipedon
AF418558-Hepatozoon.sp.
AF298623-Hyaloklossia.liebe..
AF080612-lsospora.robini
U97523-Isospora.SUis
AF080611-Lankesterelia.mini...
AF457130-Leidyana.migrator
AF457127-Monocystis.agilis
AF213514-Monocystis.agilis
Ul7346-Neospora.caninum

AF129883-Ophriocystis.elek.

ATG :CT:TT

ATG !CT: !TT

ATG:CT: TTTIGTAATTGG: AATGA: :TA : :

ATG :CT:TT

.T:TTCTA : :

:GCTC : :

T:TTCTA : :

G :CTT: :

i TTTTGCAATTGG

Appendix C (cont.)

:GTAATTGG

GTAATTGG

:GTAATTGG

CAATGA : CTA @

CAATGA :: CTA .

CAATGA : :TA :

G

GTGATTGG : AATGA : T:GG:G:
cT:GTAATTGG : AATGA : : T : GGG :
GTGATTGG : AATGA : : T : GGG :
GTAATTGG: AATGA: : T :GGG:

:GATTAC : :

:AATGAGCGAG : G:

CAATGAGTTT @ @

1 CTTT : :GCAATTGG : AATGAGTTT @ @ @
T:TTCT:: :AGTGATTGG : AATGA : : TAGG : :
TTTTGT: :::::AATTGG : AATGANTTA : : ::
20 1630 1640 16517
GTTC:: : T :GTAATTGG:AATGAGTTAG:G:

AAATTTAAACACTTTTTA:A:AGTATCAA

tAAATTTAAACCCTTTTTA:A:AGTATCAA

CCAAATTTAAACAATTTTTA:A:AGTATCAA

:AAATTTAAACCCTTTTTA: A: AGTATCAA
: :AATCCAAACCCCTTT: C:AGAGTAACAA
: tAATGTAAAACCCTTT: C: AGAGTAACAA
: :AATCCAAACCCCTTT:C:AGAGTAACAA
: AATGTAAAACCCTCT: C: AGAGTAACAA
cr i TTTACAACA:TCT:CGCGAGAATCAA
: :AACCCAAATGCCTTTAC:A:AGTATCAA
: :AACCCAAATGCCTTTAC:A:AGTATCAA
: :AATCCAAACCCCTTT:C: AGAGTAACAA
: tAATTTAAACTCCTTAACAAACG: : TCAA

T660
T:AAATTTAAACCCCTTTAC:AGAGTATCAA

HTTO i680 T



MF5826-Haemogregarina.sp.(...
MF5864-Haemogregarina.sp.(...
MF5898-Haemogregarina.sp.(...
MF7948-Haemogregarina.sp.(...
MF7951-Haemogregarina.sp.(...
MF7952-Haemogregarina.sp.(...
AF176836-Hepatozoon.ameri...
AF206669-Hepatozoon.canis
AF176835-Hepatozoon.canis
AF176837-Hepatozoon.catesb..
AF206671 -Hepatozoon.sipedon
AF418558-Hepatozoon.sp.
AF298623-Hyaloklossia.liebe...
AF080612-Isospora.robini
U97523-lsospora.SUis
AF080611-Lankesterella.mini...
AF457130-Leidyana.migrator
AF457127-Monocystis.agilis
AF213514-Monocystis.agilis
Ul7346-Neospora.caninum

AF129883-Ophriocystis.elek.

Appendix C (cont.)

TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC i GGTAATTCCAGCTCCAATAGCGTATATTAAAATTGTTG

TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC: GGTAATTCCAGCTCCAATAGCGTATATTAAAATTGTTG
TTGGAGGGCAAGTCTGGTGCCAGCAGCCGCSGGTAATTCCAGCTCCAATAGCGTATATTAAAATTGTTG

TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC
TTGGAGGGCAAGTCTGGTGCCAGC GCCGC
TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC
TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC
TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC
TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC
TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC
TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC
TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC
TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC

:GGTAATTCCAGCTCCAATAGCGTATATTAAAATTGTTG
:GGTAATTCCAGCTCC AATAGCGTATATTAAAGTTGTTG

GGTAATTCCAGCTCCAATAGTGTATATTAGAGTTGTTG

:GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG

GGTAATTCCAGCTCCAATAGTGTATATTAG 'GTTGTTG

:GGTAATTCCAGCTCCAATAGCGTATATTAAAATTGCTG
:GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG
:GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG
:GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG
:GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG

690 1700 1710 720 TTTO 1740 T750

TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC: GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG:-

. + A+ttt bttt ttet++t+++++ et tot++ttotetotott

€ee



MF5826-Haemogregarina.sp.(...
MF5864-Haemogregarina.sp.(...
MF5898-Haemogregarina.sp.(...
MF7948-Haemogregarina.sp.(...
MF7951 -Haemogregarina.sp.(...
MF7952-Haemogregarina.sp.(...
AF176836-Hepatozoon.ameri...
AF206669-Hepatozoon.canis
AF176835-Hepatozoon.canis
AF176837-HepatOZ0OOn.catesb...
AF206671 -Hepatozoon.sipedon
AF418558-Hepatozoon.sp.
AF298623-Hyaloklossia.liebe...
AF080612-Isospora.robini

U97523-Isospora.suis

AF457130-Leidyana.migrator
AF457127-Monocystis.agilis
AF213514-Monocystis.agilis
U1l7346-Neospora.caninum

AF129883-Ophriocystis.elek.

Appendix C (cont.)

CAGTTAAAAAGCTCGTAGTTGAATTTCT

CAGTTAAAAAGCTCGTAGTTGAAGTTCT
CAGTTAAAAAGCTCGTAGTTGAATTTAT

CAGTTAAAAAGCTCGTAGTTGAAGTTCT:

CAGTTAAAAAGCTCGTAGTTGGATTTCC
CAGTTAAAAAGCTCGTAGTTGGATTTCT

CAGTTAAAAAGCTCGTAGTTGGATTTCT:
AF080611-Lankesterella.mini... CAGTTAAAAAGCTCGTAGTTGGATTTCT:

CAGTTAAAGCGTCCGTAGTCGAACTCAG
CAGTTAAAACGCTCGTAGTTGAAATTG :
CAGTTAAAACGCTCGTAGTCG : AAA: CT

CAGTTAAAAAGCTCGTAGTTGGATTTCT:

CAGTTAAAACGCTCGTAGTTGAATTTTT

1760 ITTo 1780
CAGTTAAAAAGCTCGTAGTTGGATTTCT

eeett+t+te +t oo +t ee+ +t+++tooe +

1790 1800 1810 1820
I GTTAATAATTTATATATAATATTTTGATGAATATTTAT.

4 X4



MF5826-Haemogregarina.sp.(...
MF5864-Haemogregarina.sp.(...
MF5898-Haemogregarina.sp.(...
MF7948-Haemogregarina.sp.(...
MF7951-Haemogregarina.sp.(...
MF7952-Haemogregarina.sp.(...
AF176836-Hepatozoon.ameri...
AF206669-Hepatozoon.canis
AF176835-Hepatozoon.canis
AF176837-Hepatozoon.catesb...
AF206671 -Hepatozoon.sipedon
AF418558-Hepatozoon.sp.
AF298623-Hyaloklossia.liebe...
AF080612-Isospora.robini
U97523-Isospora.suis
AFO080611-Lankesterella.mini...
AF457130-Leidyana.migrator
<) AF457127-Monocystis.agilis
3 AF213514-Monocystis.agilis
3 Ul7346-Neospora.caninum

3 AF129883-Ophriocystis.elek.

1830

Appendix C (cont.)

GTTAAAAATAACCGGTCTGCTTTTATTATTAAAATGTTGGTATCTTTTGGTGTGKI TKT

GCTAAAAGTAACCGGTCTGCTTTT: : : AATAAAA:GTGG: TATCTT: :GGTGTGTATTT
GCTAGAAATAGCCGGTGTGCTTTTAATAATAAAA:GT: AATATCTTA: :GTGTGTTACT

GCTGAAAGTAACCGGTCTGCTTTT: : : AATAAAA:GTGG: TATCTT: : GGTATGTATTT

GCTGGAAGCAGCCAGTCC:GCCTTTA: : ::::GAGGTGTGCACAT1: :GGTGAA:TTCT
GTCGTGGTCATCCTGTGCCGCCTGTATI : 1 :: :GGGTGCGCACGT: : : GGTTTGCCCTC
GCTGGAAGCAGCCAGT: CCGCCCTTA: :1:1:GGGGTGTGTACGT: : : GGTGAAATTCC
GCCGTG: :1: :ATCGT: CCGGCACCACCCCTAGGGGTGATGTTAGGATGGATTG: TG : :

:TGGTAATAACAATGGGTCATCTCTAACGAGCATGCACCTATTGCTACTGCCATTATTC
TTGGTAATAATAATGGGTTATCTTTC: T1GAGTATGTACCTGTTGTTATTACCATTATTC

GCTGGAAGCAGCCAGTiCCGCCCTCAT : :::;GGGGTGTGCACTT: : :GGTGAA:TTCT
GCTGTTCTAAGCAAAGGT : it ACA:TT:CA: TCTTAATGATG: : :: ::
1840 1850 1860 1870 11180 1190

ATAATATTAAGCTGTAA: CATCCTGTATCGTCCTTA: : :A: TAGGGTTTTTTTYT: : iIGGTTTGTTTCT



MF5826-Haemogregarina.sp.(...
MF5864-Haemogregarina.sp.(...
MF5898-Haemogregarina.sp.(...
MF7948-Haemogregarina.sp.(...
MF7951 -Haemogregarina.sp.(...
MF7952-Haemogregarina.sp.(...

AF176836-Hepat0Z00n.ameri...

AF206669-Hepatozoon.canis

AF176835-Hepatozoon.canis

Appendix C (cont.)

AG: CAATAAYAGTCCTTTGAAATGTTTTTTACTTTATTGTAATAA: GTCATTRTTTT & :: ::

AG : CAATGA: TGTCCTTTGAAGTGTTTTTTACTTTATTGTAATAAAGCATATTCAGGA :

AF176837-Hepatozoon.catesh...AG : CAATAA: TGTCTTTTGAAATGTTTTTTACTTTATTGTAAAAAA : : CAATATT : : CAGGA

AF206671 -Hepatozoon.sipedon

AF418558-Hepat0z00n.sp.

AF298623-Hyaloklossia.liebe..

AF080612-Isospora.robini
U97523-Isospora.SUis

AF080611-Lankesterella.mini..

AF457130-Leidyana.migrator
<) AF457127-Monocystis.agilis
<) AF213514-Monocystis.agilis
D U1l7346-Neospora.caninum

%AF129883-0 phriocystis.elek.

AG :CAATGA:TGTCCTTTGAAGTGTTTTTTACTTTATTGTAATAAAGCATATTCAGGA

.AG :CATCCT :CCTGGTAGCATTTTACACTTAATTGTGTA :GAGTGTGTTTCCAGG : : :
GG:CTTTCTTCC :GGsTAGCC : TTCC : :GCGCTTAACTGCGTGTGTTGGTGTTCC : : :
GG :CATCCT :CCTGG : : TGGCGCTTC : G: CACTTAACTGGGTGGAGTGCTTTTCCA : :

..G:CATAATTCCAG : T: AGCTCGTTGCCCG :CTTAATTGCGTGGCAAGGGGTGTTCT :

CGATATATGCGGGGTAACCT: : :GTATATT:CGGGACTGT: & v v v o vr s s vs s vs o
CGTGTATGCAAGAGTTCGCTCTTGTATTAT: CGGAACTGT: & & oot v sy s s v nvs s oo

AG:CATCCTTC:TGG: : : :ATTT:CTTCACACTTCATTGTGTGGAGT: : TTTTTCCA: ...
o CTTT: :GT:ACCGACAA: :GCCGTGACAG: : it v vvvvvvvy 'CATTTTTCTAATTTTGCCGCC
1900 19TO 1920 1930 1940 1950 T960

RG:CATTYTTCCTGGTTAGACTTTTCTTBTACTTTATTGCGTKGRKTG: TTTTTTCTMTYBTSCHCGAC



Appendix C (cont.)

MF5826-Haemogregarina.sp.(
MF5864-Haemogregarina.sp.(
MF5898-Haemogregarina.sp.(
"§D MF7948-Haemogregarina.sp.(
4Aj MF7951-Haemogregarina.sp.(

MF7952-Haemogregarina.sp.(

AF176836-Hepatozoon.ameri... GAGGA: :TTTTTACTTTTTGAGAAAATTAGAGTGTTTTTA:

4| | AF206669-Hepatozoon.canis

45) AF176835-Hepatozoon.canis CTTTTACTTT: : GAGAAAATTAGAGTGTTTCTA:
4™\ AF176837-Hepatozoon.catesb.. TTTTTACTTT i : GAGAAAATTAGAGTGTTTCAA :
4™ AF206671-Hepatozoon.sipedon
48) AF418558-Hepatozoon.sp. corroitrrroy ooy v tCTTTTACTTT GAGAAAATTAGAGTGTTTCTA :
4™Nj AF298623-Hyaloklossialiebe... ©:::::i:f::o: Trrrroymioorrrri: tACTTTTACTTT GAGAAAATTAGAGTGTTTCAA!
AF080612-Isospora.robini orrrry it o7 7GGAIACTTTTACTTT GAGAAAAATAGAGTGTTTCAA :
45) U97523-Isospora.suis Doty orrar it iGGAD CCTTTTACTTT GAGAAAATTAGAGTGTTTCAA!
AF080611-Lankesterella.mini.. :::::::::1i:: miiiiiiii; i1 :GGAIACTTTTACTTT GAGAAAAATAGAGTGTTTCAA:
47n] AF457130-Leidyana.migrator @ @ :::iiiiiiiioonnmrr;iiiir i TCTTCTGTT:ACTTT GAGTAAATTGGAGTGTTCCTA :
4N AF457127-Monocystis.agilis ¢ : i iiiriirinoormrrriiirirrririiriiiri i i TACTTT  GAGAAAATTAGAGTGTTTCAA:
4N AF213514-Monocystis.agilis S VAN O e GAGAAAATTAGAGTGTTTCAA :
4N U17346-Neospora.caninum Dorrrrrrrrrrrrrrrrrrrrrir i GGAIICTTTTACTTT GAGAAAATTAGAGTGTTTCAA:
4N AF129883-Ophriocystis.elek. TTGTGTGGTTGAATTA: ::::::::::::::: GATACGTTACTGT GAGTAAACTANAGTGTTTCAA :
1970 1980 T990 11000 11010 11020 11030

TDGTDGGVDACADCDATBHWKTAGTA; TATGGA: :YTTTTACTTT: : GAGAAAATTAGAGTGTTTCAA

LEC



MF5826-Haemogregarina.sp.(...
MF5864-Haemogregarina.sp.(...
MF5898-Haemogregarina.sp.(...
MF7948-Haemogregarina.sp.(...
MF7951 -Haemogregarina.sp.(...

MF7952-Haemogregarina.sp.(...

Appendix C (cont.)

AF176836-Hepatozoon.ameri... GCAGGCTTTTACG: : ::::::::::::: :CTTTTGAATACTGCAGCATGGAA: TAATAA: GATAGGATT
AF206669-Hepatozoon.canis
AFl76835-Hepatozoon.canis GCAGGCC :G:ACG: :: ittt CTTT : GAATACTGCAGCATGGAA: TAATAA: GATAGGATT
AF176837-Hepatozoon.catesh...GCAGGCT : :AACG : :::::::::::::: :CTi ATGAATACTGCAGCATGGAA: TAATAAA: ATAGGATT
AF206671 -Hepatozoon.sipedon
AF418558-Hepatozoon.sp. GCAGGCT :G:ACG::::::::vvi: CTTT : GAATA
AF298623-Hyaloklossia.liebe... GCAGGCTTGT :CG: :::::::::::::: CCTT : GAATACTGCAGCATGGAA: TAATAA: GATAGGATT
AF080612-lsospora.robini GCAGGCTTGT :CG: ::::::::iv:1:. CCCT:GAATACTTCAGCATGGGA: TAATAA: GATAGGACC
U97523-Isospora.Suis GCAGGCTTGT :TG: :::::: 1.1 ::: CCTT :GAATACTGCAGCATGGAA: TAATAA: GATAGGATT
AFo080611l-Lankesterella.mini... GCAGGCTTGT :CG: :::::::::::::: :CCCT:GAATACTGCACCATGGAA: TAATAA: GATAGGACC
AF457130-Leidyana.migrator GCAAGCTTGTG: :::::::::::::::::: :CATGTACATTTCAGCATGGGA: TAATAT : GAATTCAAT
AF457127-Monocystis.agilis GCAGGCGTAAT:G::::::::::::::.:. CTTTGAATACTCCAGCATGGAA: TGACAACAAAGG: ACT
AF213514-Monocystis.agilis GCAGGCGCGAT:G:::::::::::::::: :CTTTGAATACTAT :CCATCACACT
Ul7346-Neospora.caninum GCAGGCTTGT :CG: :::::::t:::1:::. CCTT:GAATACTGCAGCATGGAA: TAATAA: GATAGGATT
AF129883-Ophriocystis.elek. GCAGGCTT:AT:G: :::::::::::::: CCCT:GAATACTCCAGCATGGAA: TAACAA:GTAAAGACT
11040 11050 i1060 11070 11080 i1090 11100

GCAGGCTTGT: : GWKMKWRYWTTASYGYGCCTT: GAATACTCCAGCATGGAA: TAATAA: GATAGGACT

8E¢



MF5826-Haemogregarina.sp.(...
MF5864-Haemogregarina.sp.(...
MF5898-Haemogregarina.sp.(...
MF7948-Haemogregarina.sp.(...

MF7951 -Haemogregarina.sp.(...
MF7952-Haemogregarina.sp.(...
AFl76836-Hepatozoon.ameri... TTAGTTCTACATT
AF206669-Hepatozoon.canis
AF176835-Hepatozoon.canis TTAGTTCTACATT
AF176837-Hepatozoon.catesh...ATAGTTCTACATT
AF206671-Hepatozoon.sipedon
AF418558-Hepatozoon.sp.

AF298623-Hyaloklossia.liebe... TCGGCCCTATTTT

AF080612-lsospora.robini TCGGTTCTATTT:
U97523-lsospora.suis TCGGCCCTATTT:
arosoe11-Lankesterella.mini...CTGGTTCTATTTT
AF457130-Leidyana.migrator T TAAATCATCT::
AF457127-Monocystis.agilis CATATCCTTCTT:
AF213514-Monocystis.agilis
Ul7346-Neospora.caninum TCGGCCCTATTT:
AF129883-Ophriocystis.elek. TTGGTTTTTCTT:
11110
TTGGTTCTATTT:

Appendix C (cont.)

CATTGGTTTTAAGAACTAA: :

CATTGGTTTTAAGAGCTAA: @

CATTGGTTTTAAGAACTAA::

GTTGGTTT:CTAGGA:CTGAAG: :

TGTTGGTTT:CTAGGACCA:

TGTTGGTTTGCTAGGA:CT::

GTTGGCTT:CTGGGA:CCG:AC:

:GTGGGCGAT: @

GTTGGTTT:AAGGA:::

TGTTGGTTT:CTAGGA:CT::

GTTGGTT: : CAAGAATC: ::

11120 11130

TGTTGGTTT:CTAGGATCA: :

CCAACTAAT:GATTGATA:GAGG: :

c:GTTGAGTAAT:GATTAA:

: GAAGTAAT

AT TAAT:GATTGATA:G:GGA: TAGTT:G:G

AT TAAT.:GATTGATA:G:GGA:CAGTT:G:G

CAGTT:G:G

cTAAT:GATTAATA:G:GGA:C. GTT:G:G

:AG: GTAAT GATTAATA:G:GGA:CAGTT:G G
: GAAGTAAT GATTAATA:G:GGA:CGGTT:G G
GTAAT GATTAATA:G:GGA:CAGTT:GCG

GATTAAATTATGATCAAAAGGACT

. GAGGAACAGTC:G:G

GATTAATA:G:GGA:CGGTT:G G

:GAAGTAAT:GATTAATA:GGG:A:CAGTTAG:G

11140 11150 11160 iTIT

: GAAGTAAT:GATTAATA:G:GGA:CAGTT:G:G



Appendix C (cont.)

MF5826-Haemogregarina.sp.(... TACTGCG
MF5864-Haemogregarina.sp.(... ATTGTTAAAGACAAACTACTGCG
MF5898-Haemogregarina.sp.(... TTGTTAAAGACAAACTACTGCG
MF7948-Haemogregarina.sp.(... ATTTTAATTTGTTAAAGACAAACTACTGCG
MF7951 -Haemogregarina.sp.(... TTAAGACAAACTACTGCG
MF7952-Haemogregarina.sp.(... AAGACAAACTACTGCG

AF176836-Hepatozoon.anneri.. G:G:GCATTTGTATTTAACTGTCA: :GAGGTGAAAT:TCTTAGATT: TGTTAAAGACAAACTAYTGCG
AF206669-Hepatozoon.canis

AF176835-Hepatozoon.canis :G:G:GCATTTGTATTTAACTGTCA GAGGTGAAAT: TCTTAGATT: TGTTAAAGACAAACTACTGCG
AF176837-Hepatozoon.catesb... :G: G:GCATTTGTATTTAATTGTCA GAGGTGAAAT:TCTTAGATT: TGTTAAAGACAAACTATTGCG
AF206671 -Hepatozoon.sipedon

AF418558-Hepatozoon.sp.

AF298623-Hyaloklossia.liebe... :G:G:GCATTCGTATTTAACTGTCA::GAGGTGAAAT:TCTTAGATTTTGTTAAAGACGAACTACTGCG
AF080612-lsospora.robini G G GCATTCGTATTTAACTGTCA: :GAGGTGAAAT :TCTTAGATT ;TGTTAAAGACGAACTACTGCG
U97523-ISOspora.SUis G G GCATTCGTATTTAACTGTCA: IGAAGTGAAAT :TCTTAGATT :TGTTAAAGACAAACTACTGCG

AF080611l-Lankesterella.mini...CGCGCGCCTTCGTCTTTAACTGTCACAGAGGTGAAATCTCTTACATTCTGTTAAAGACGAA TACTGTG
AF457130-Leidyana.migrator CGCGGGGATATTTGTACTTGCGGGTGAGAGGTGAAAT :TCTTAGACCCCGC :AAAGACAGTCGACGGCG
AF457127-Monocystis.agilis {G:G:GTATTCGTATTCAGTCGTTA : :GAGGTGAAAT :TCTTAGATT :GACTGAAGACGAACTACTGCG
AF213514-Monocystis.agilis

Ul7346-Neospora.caninum G G GCATTCGTATTTAACTGTCA: : GAGGTGAAAT :TCTTAGATT : TGTTAAAGACGAACTACTGCG
AF129883-Ophriocystis.elek. :G:G: :CATTCGTATTTGGTAG :CTA : GAGGTGATAT : TCTTAGATTT : ACCAAAGACGAACTACTGCG

0 11180 11190 11200 11210 11220 11230 172
:G:G:GCATTCGTATTTAACTGTCA: :GAGGTGAAAT: TCTTAGATT: TGTTAAAGACAAACTACTGCG

o+ + o o+

ov¢



Appendix C (cont.)

~g] MF5826-Haemogregarina.sp.(... AAA :GCATTT :GCCAAAGA :TGTTTTCATTAATCAAGAACGAAAG :TTAGGGGA sTCGAA :GACG :ATC
<g) MF5864-Haemogregarina.sp.(... AAA :GCATTT :GCCAAAGA STGTTTTCATTAATCAAGAACGAAAG :TTAGGGGA :TCGAA :GACG :ATC
~g) MF5898-Haemogregarina.sp.(...AAA :GCATTT :GCCAAAGA sTGTTTTCATTAATCAAGAACGAAAG :TTAGGGGA sTCGAA :GACG :ATC
~g) MF7948-Haemogregarina.sp.(... AAA :GCATTT :GCCAAAGA :TGTTTTCATTAATCAAGAACGAAAG :TTAGGGGA STCGAA :GACG :ATC
~g) MF7951 -Haemogregarina.sp.(...AAA :GCATTT :GCCAAAGA :TGTTTTCATTAATCAAGAACGAAAG :TTAGGGGA : TCGAA :GACG :ATC
MF7952-Haemogregarina.sp.(...AAA :GCATTT :GCCAAAAA :TGTTTTCATTAATCAAGAACGAAAG :TTAGGGGA :TCGAA :GACG :ATC
1g) AF176836-Hepatozoon.ameri... AAA :GCATTT :GCCAAAGA :TGTTTTCATTAATCAAGAACGAAAG :TTAGGGGA : TCGAA :GACG :ATC
4«™  AF206669-Hepatozoon.canis
4Y) AF176835-Hepatozoon.canis AAA :GCATTT : GCCAAAGA : TGTTTTCATTAATCAAGAACGAAAG : TTAGGGGA sTCGAA : GACG : ATC
4Yy) AF176837-Hepatozoon.catesh...AAA : GCATTT : GCCAAAGA : TGTTTTCATTAATCAAGAACGAAAG : TTAGGGGA : TCGAA : GACG : ATT
48) AF206671-Hepatozoon.sipedon
4 AF418558-Hepatozoon.sp.
48) AF298623-Hyaloklossia.liebe... AAA:GCATTT : GCCAAAGA : TGTTTTCATTAATCAAGAACGAAAG : TTAGGGGC : TCGAA :GACG :ATC
JJg) AF080612-Isospora.robini AAA :GCAATT :GCCAGGGASTGTTTTCATTAATCAAGAACGACAG :TAGGGGGTTTGAA :GACG:ATT
48 U97523-Isospora.SUis AAA :GCATTT :GCCAAAGA: TGTTTTCATTAATCAAGAACGAAAGTTTAGGGG :CTCGAA : GACGAATC
~g) AF080611-Lankesterella.mini...AAA: GCATTT :GCCAAGGGATGTTTTCATTAATCAAGAACGACAG :TAGGGGGTTTGAAAGACG : ATT
4] ] AF457130-Leidyana.migrator AAA:GCATTTATCCAGCGATTGTT : :CATTGATCAAGGACGAAAG : TT :GGGGAATCGAA :GATG : ATT
AFA457127-Monocystis.agilis AAG : GCATCT : ACCATGGA :TGTTTTCATTAATCAAGAACGAAAG : TTAGGGGA : TCGAA :GATG : ATC
4lU AF213514-Monocystis.agilis
48) U17346-Neospora.caninum AAA :GCATTT : GCCAAAGA : TGTTTTCATTAATCAAGAACGAAAG TTAGGGG :CTCGAA :GACG: ATC
48) AF129883-Ophriocystis.elek. AAA:GCATCT : GCCAGGGA: TGTTTTCATTAATCAAGAACGAAAG : TTAGGGG : ATCGAA : GACG : ATC

40 11250 il1260 11270 11280 11290 il1300 I'T
AAA:GCATTT:GCCAAGGA:TGTTTTCATTAATCAAGAACGAAAG:TTAGGGGA:TCGAA:GACG:ATC:

- + e + - eecececee e o o - e o o o



49)
49)
49)
49)
49)

49)
49)
49)
49)
49)
49)
49)
49)
49)
49)
49)
49)
49)
49)
49)
49)

MF5826-Haemogregarina.sp.(...
MF5864-Haemogregarina.sp.(...
MF5898-Haemogregarina.sp.(...
MF7948-Haemogregarina.sp.(...
MF7951 -Haemogregarina.sp.(...
MF7952-Haemogregarina.sp.(...
AF176836-Hepatozoon.ameri...
AF206669-Hepatozoon.canis
AF176835-Hepatozoon.canis
AF176837-Hepatozoon.catesb..
AF206671-Hepatozoon.sipedon
AF418558-Hepatozoon.sp.
AF298623-Hyaloklossia.liebe...
AF080612-lsospora.robini
U97523-Isospora.suis
AF080611-Lankesterelia.mini..
AF457130-Leidyana.migrator
AFA457127-Monocystis.agilis
AF213514-Monocystis.agilis
Ul7346-Neospora.caninum

AF129883-Ophriocystis.elek.

Appendix C (cont.)

AG ATACCGTCGTAGTCTTAACTATAAACTATGCCGACT ; AGAGATT : GGt rnrrrnrn:
AGATACCGTCGTAGTCTTAACTATAAACTATGCCGACT : AGAGATT :GG: t s rrrrnrrnrnn:
AGATACCGTCGTAGTCTTAACTATAAACTATGCCGACT : AGAGATT :GG: @ ooy n iy
AGATACCGTCGTAGTCTTAACTATAAACTATGCCGACT vAGAGATT :GG: »r ooy
AGATACCGTCGTAGTCTTAACTATAAACTATGCCGACT : AGAGATT :GG: trorr oy

AGATACCGTCGTAGTCTTAACTATAAACTATGCCGACT : AGAGATT ;GG: » v v v v rn s
AGATACCGTCGTAGTCTTAACTATAAACTATGCCGACT : AGAGATT : GG :: &t v v v v

AGATACCGTCGTAGTCTTAACTATAAACTATGCCGACT :AGAGATT :GG: :t v vornonnnnone

,AGATACCGTCGTAGTCTTAACTATAAACTATGCCGACT : AGAGATT : Gt v v v vonnnnnnnnn

AGATACCGTCGTAGTCTTAACCATAAACTATGCCGACT sAGAGATA:GG; @t vt v v v nnnr e

AGATACCGTCGTAATCTCTACCATAAACTATGCCGACT : AGAGATA:GG @ttt nnnnnn

AGATACCGTCGTAGTCTTAACCATAAACTATGCCGACT :AGAGATA:GG : t v rnnnnn:

AGATACCGTCGTAATCTCTACCATAAACTATGCCGACT: AGAGATAsGGG: @t nnnnn s

AGATACCGTCGTAGTCCCAACTATAAACAGTGCTAACTGAGGG :TT :GGG @ v v v v v v v nonn e

AGATACCATCGTAGTCTTAACCTTAAACTATGCCGACT :AGA I TATCGG © oot

AGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTTAGAGATA GG @ @@ @111 ::

AGATACCGTCGTAGTCTTAACCATAAACGATGCCGACT :AGAGATT : GG : : ot v oo i nonn.

TT0 11320 11330 11340 11350 11360 11370 f
AGATACCGTCGTAGTCTTAACCATAAACTATGCCGACT:AGAGATT:GGGTGAAATTYAGATGTACAAA-

cre



MF5826-Haemogregarina.sp.(..
MF5864-Haemogregarina.sp.(..
MF5898-Haemogregarina.sp.(..
MF7948-Haemogregarina.sp.(..
MF7951 -Haemogregarina.sp.(..

MF7952-Haemogregarina.sp.(..

AF176836-Hepatozoon.ameri...

AF206669-Hepatozoon.canis

AF176835-Hepatozoon.canis

AF176837-Hepatozoon.catesb..

AF206671 -Hepatozoon.sipedon

AF418558-Hepatozoon.sp.

AF298623-Hyaloklossia.liebe...

AF080612-Isospora.robini

U97523-Isospora.suis

AF080611-Lankesterella.mini...

AF457130-Leidyana.migrator
AF457127-Monocystis.agilis
AF213514-Monocystis.agilis
Ul7346-Neospora.caninum

AF129883-Ophriocystis.elek.

Appendix C (cont.)

AGGTCGTCTTTTTTAACGACCCCTTCAGCACCTT
AGGTCGTCTAATTTTATGACTCCTTCAGCACCTT
AGGTCGTCTWATTTTATGACTCCTTCAGCACCTT
AGGTCGTCTTTTTTCACGACTCCTTCAGCACCTT
AGGTCGTCTTTTTTAACGACCCCTTCAGCACCTT
AGGTCGTCTTAATTAACGACTCCTTCAGCACCTT

AGGTCGTCTTTATAAACGACTCCTTCAGCACCTT

Doorrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr AGGTCGTCTTTATAAACGACTCCTTCAGCACCTT

Lorrrrrrririryryrriryrrrrrrrror s AAGGTCGTCTTAATAAACGACTCCTTCAGCACCTT

:AAAACGTCATACAT: : :GACTTCTCCTGCACCTT
GAAA: TGCCTACCTTG: :G:CTTCTCCTGCACCTC
AAAA:CGTCATACTT: : :GACTTCTCCTGCACCTT
:AAA;CGCCTACCTT: :GG:CTTCTCCTGCATCTC

s rirsicitir i i i:GCTAAACTCC

AAGTTGTCAATCAAAT: GACTCTTTCGGAATCCT

ooy i AAAATCGTCAT :GCTTGACTTCTCCTGCACCTT
PPt ri s sy it i iiitisi i CAAGTTGTCATTTACA : :GACTCTTTCAGCACCTT
1380 11390 11400 11410 11420 11430 11440

GWTTGAARAWAMAWTKTTTCTACWTC:A: :GGAGAAGGTCGTCATTTTT: : :GACTCCTTCAGCACCTT
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Appendix C (cont.)

MF5826-Haemogregarina.sp.(... ACGAGAAATCAAA :GTCTTTGGGTTCTGGGGG : GAGTATGGTCGCAAG
MF5864-Haemogregarina.sp.(... ACGAGAAATCAAA : GTCATTGGGTTCTGGGGG : GAGTATGGTCGCAAG
MF5898-Haemogregarina.sp.(... ACGAGAAATCAAA : GTCATTGGGTTCTGGGGG : GAGTATGGTCGCAAG
MF7948-Haemogregarina.sp.(... ACG GAAATCAAATGTCATTGGGTTCTGGGGG : GAGTATGGTCGCAAG
MF7951 -Haemogregarina.sp.(... ACGAGAAATCAAA :GTCATTGGGTTCTGGGGG : GAGTATGGTCGCAAG
MF7952-Haemogregarina.sp.(... ACGAGAAATCAAA :GTCTTTGGGTTCTGGGGG : GAGTATGGTCGCAAG
AF176836-Hepatozoon.artieri... Al GAGAAATCAAATGTCTTTGGGTTCTGGGGG : GAGTATGGTCGCAAG :
AF206669-Hepatozoon.canis

AF176835-Hepatozoon.canis ACGAGAAATCAAA :GTCTTTGGGT i CTGGGGG : GAGTATGGTCGCAAG

AF176837-HepatOZ0OO0On.catesh... ATGAGAAATCAAA :GTCTTTGGGTTCTGGGGGGAAGTATGGTCGCAAG
AF206671 -Hepatozoon.sipedon

AF418558-Hepatozoon.sp.
AF298623-Hyaloklossia.liebe... ATGAGAAATCAAA :GTCTTTGGGTTCTGGGGG : GAGTATGGTCGCAAG
AF080612-Isospora.robini ATGAGAAATCAAA :GTCTCTGGGTTCTGGGGG : GAGTATGGTCGCAAG
U97523-I1SOspora.SUIS ATGAGAAATCAAA :GTCTTTGGGTTCTGGGGG : GAGTATGGTCGCAAG

AF4571 30-Leidyana.migrator ATGAGAAATCCAATGTATTTGAGTCCTGGGGG : GAGTATGGTCGCAAG
AF457127-Monocystis.agilis ATGAGAAATTAAA :GTCTTTGGGTTCTGGGGG : TAGTATGATCGCAAG
AF213514-Monocystis.agilis

ATGAGAAATCAAATGTCTTTGGGTTCTGGGGG: GAGTATGGTCGCAAG

ATGAGAAATCAAATGTCTTTGGGTTCTGGGGG: GAGTATGGTCGCAAG

Ul7346-Neospora.caninum

AF129883-Ophriocystis.elek.

11450 11460 il470 11480 11490

ATGAGAAATCAAA:GTCTTTGGGTTCTGGGGG: GAGTATGGTCGCAAG:

:GCTGAAACTTA : AAGGAATT
:GCTGAAACTTA : AAGGAATT
:GCTGAAACTTA i AAGGAATT
:GCTGAAACTTA TAAGGAATT
:GCTGAAACTTA : AAGGAATT
:GCTGAAACTTA : AAGGAATT
GCTGAAACTTA TAAGGAATT

:GCTGAAACTTA : AAGGAATT
:GCTGAAACTTA : AAGGAATT

:GCTGAAACTTA : AAGGAATT

:GCTGAAACTTA : AAGGAATT
:GCTGAAACTTA : AAGGAATT
AF080611-Lankesterella.mini.. ATGAGAAATCAAA :GTCTCTGGGTTCTGGGGG : GAGTATGGTCGCAAG :

GCTGAAACTTA :AAGGAATT
:GCTGAAACTTA TAAGGAATT
:GTTGAAACTTA ; AAGGAATT

:GCTGAAACTTA: AAGGAATT
:TCTGAAACTTA: AAGGAATT

il500 il510
GCTGAAACTTA: AAGGAATT

++++e ot +t++eo eoootttoooo et tttot +tottot +to o
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Appendix C (cont.)

MF5826-Haemogregarina.sp.(... GACGGAAGGGCACCACCAGGAGT : GGAGCCTGCGGCTTAATTTGACTCAA CACGGG:AAAACTCACC
MF5864-Haemogregarina.sp.(... GACGGAAGGGCACCACCAGGAGT : GGAGCCTGCGGCTTAATTTGACTCAA CACGGGiI AAAACTCACC
MF5898-Haemogregarina.sp.(...GACGGAAGGGCACCACCAGGAGT : GGAGCCTGCGGCTTAATTTGACTCAA CACGGG: AAAACTCACC
MF7948-Haemogregarina.sp.(...GACGGAAGGGCACCACCAGGAGT :GGAGCCTGCGGCTTAATTTGACTCAA CACGGG: AAAACTCACC
MF7951-Haemogregarina.sp.(... GACGGAAGGGCACCACCAGGAGT: GGAGCCTGCGGCTTAATTTGACTCAA CACGGG;AAAACTCACC
MF7952-Haemogregarina.sp.(... GACGGAAGGGCACCACCAGGCGT : GGAGCCTGCGGCTTAATTTGACTCAA CACGGG; AAAACTCACC
AF176836-Hepatozoon.ameri... GACGGAAGGGCACCACCAGGCGTTGGAGCCTGCGGCTTAATTTGACTCAA CACGGG: AAAACTYACC
AF206669-Hepatozoon.canis

AF176835-Hepatozoon.canis GACGGAAGGGCACCACCAGGCGT : GGAGCCTGCGGCTTAATTTGACTCAA ; ; CACGGG ; AAAACTCACC
AF176837-HepatOZ0OO0On.catesh... GACGGAAGGGCACCACCAGGCGT: GGAGCCTGCGGCTTAATTTGACTCAA: ; CACGGG ; AAAACTCACT
AF206671 -Hepatozoon.sipedon

AF418558-Hepatozoon.sp.

AF298623-Hyaloklossia.liebe... GACGGAAGGGCACCACCAGGCGT; GGAGCCTGCGGCTTAATTTGACTCAA; : CACGGGG : AAACTCACC
AF080612-Isospora.robini GACGGAAGGGCACCACCAGGCGT : GGAGCCTGCGGCTTAATTTGACTCAA : : CACGGGG : AAACTCACC
U97523-Isospora.Suis GACGGAAGGGCACCACCAGGCGT : GGAGCCTGCGGCTTAATTTGACTCAA : : CACGGGGGAAACTCACC
AF080611-Lankesterella.mini... GACGGAAGGGCACCACCTGGCGT : GGAGCCTGCGGCTTAATTTGACTCAACTC : CGGGG : AAACTCTCC
AF457130-Leidyana.migrator GACGGAAGGGCACCACCAGGAGT :GGAGCCTGCGGCTTAATTTGACTCAA : : CACGGGG : AAACTTACC
AF457127-Monocystis.agilis GATGGAAGGGCACCACCAGGAGT :GGAGCCTGCGGCTTAATTTGACTCAA : : CACGGG : AAAACTTACC
AF213514-Monocystis.agilis

Ul7346-Neospora.caninum GACGGAAGGGCACCACCAGGCGT : GGAGCCTGCGGCTTAATTTGACTCAA : : CACGGGG : AAACTCACC
AF129883-Ophriocystis.elek. GACGGAAGGGCACCACCAGGAGT :GGAGCCTGCGGCTTAATTTGACTCAA : : CACGGG : AAAACTCACC

11520 11530 11540 11550 11560 11570 11580
GACGGAAGGGCACCACCAGGAGT: GGAGCCTGCGGCTTAATTTGACTCAA: : CACGGG; AAAACTCACC

++et+++et+++++ot+++otoettotococcetttottt++++++++oocccceton oot o teo o
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MF5826-Haemogregarina.sp.(...
MF5864-Haemogregarina.sp.(...
MF5898-Haemogregarina.sp.(...
MF7948-Haemogregarina.sp.(...
MF7951 -Haemogregarina.sp.(...
MF7952-Haemogregarina.sp.(...
AF176836-Hepatozoon.ameri...
AF206669-Hepatozoon.canis

AF176835-Hepatozoon.canis

AF206671 -Hepatozoon.sipedon

AF418558-Hepatozoon.sp.

AF298623-Hyaloklossja.liebe... AGGTCCAGA:CATA:
AGGTCCAGA: CAT : :
AGGTCCAGA :CAT : :

AF080612-lsospora.robini
U97523-lsospora.SUisS
AFo080611-Lankesterella.mini...
AF457130-Leidyana.migrator
AF457127-Monocystis.agilis
AF213514-Monocystis.agilis
U1l7346-Neospora.caninum

AF129883-Ophriocystis.elek.

AGGTCCAGA:
AGGTCCAGA:
AGGTCCAGA:
AGGTCCAGA:
AGGTCCAGA:
AGGTCCAGA:
AGGTCCAGA:

AGGTCCAGA :
AF176837-Hepatozoon.catesb... AGGTCCAGA:

CAT
CAT
CAT
CAT
CAT
CAT
CAT

Appendix C (cont.)

AG:GAAGGATTGACAGATTGA:T ::AG
AG:GAAGGATTGACAGATTGA:T ::AG
AG:GAAGGATTGACAGATTGA:T :AG
AG:GAAGGATTGACAGATTGA:T ::AG
AG:GAAGGATTGACAGATTGA: T :AG
AG:GAAGGATTGACAGATTGA:T :AG
ANA:AAGGATTGACAGATTGA:T :AG

GGATTGACAGGTTGA:T ::AG
AGA:AAGGATTGACAGATTGA:T :AG
AA:AAAGGATTGACAGAT:GA:T:AG

GGATTGACAAATTGA:T ::AG

:G:GAAGGATTGACAGATTGA: T : AG
GG : GAAGGATTGACAGATTGA: T: AG
AG : AAAGGATTGACAGATTGA: T:AG

CTGTCCATA:CCT : : GG: GAACGATTGACAGATTGA: T:AG
AGGTCAAAA:CATTGCGTT : : :GATTGACAGATTGA: G:AG
AGGCCCAGA : CAT : GT : : GAAGGATTGACAGATTGAG: : AG

AGGTCCAGAICAT
AGGTCCAGA:CAT

11590

11600

AG:GAAGGATTGACAGATTGA: T :AG
G:GGAAGGATTGACAGATTGA: A:AG

11610 11620

AGGTCCAGA:CAT: : AG: GAAGGATTGACAGATTGA: T : AG

o4++ o

CTCTTTCTTAATTCTATGGGTAGTGG
CTCTTTCTTAATTCTATGGGTAGTGG
CTCTTTCTTAATTCTATGGGTAGTGG
CTCTTTCTTAATTCTATGGGTAGTGG
CTCTTTCTTAATTCTATGGGTAGTGG
CTCTTTCTTAATTCTATGGGTGGTGG
CTCTTTCTTAATTCTATGGGTGGTGG
CTCTTTCTTAATTCTATTGATGGTGG
CTCTTTCTTAATTC

C CTTTCTTAAT
CTTTTTCTTAATTCTATGGGTGGTGG

:CTCTTTCTTGATTCTATGGGTGGTGG
CCTCTTTCTTGATTCTATGGGTGGTGG
:CTCTTTCTTGATTCTATGGGTGGTGG
CTCTTTCTTGATTCTCAGGGTGGTGG
TTCTTTCTTGATTCTTTGGGTGGTGG
CTCTTTCTTGATTCTATGGGTGGTGG

CTCTTTCTTGATTCTATGGGTGGTGG
CTCTTTCTTGATTCTATGGGTGGTGG

11630 11640 11650
CTCTTTCTTGATTCTATGGGTGGTGG

et et + +o
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MF5826-Haemogregarina.sp.(..
MF5864-Haemogregarina.sp.(...
MF5898-Haemogregarina.sp.(...
MF7948-Haemogregarina.sp.(..
MF7951-Haemogregarina.sp.(..
MF7952-Haemogregarina.sp.(..
AF176836-Hepatozoon.ameri...
AF206669-Hepatozoon.canis
AF176835-Hepatozoon.canis
AF176837-Hepatozoon.catesb...
AF206671 -Hepatozoon.sipedon
AF418558-Hepatozoon.sp.
AF298623-Hyaloklossia.liebe...
AF080612-Isospora.robini

U97523-ISOSpora.SUIS

Appendix C (cont.)

.TGCATGGCCGTTCTTAGTTGGTGG :GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC

TGCATGGCCGTTCTTAGTTGGTGGA :GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC

TGCATGGCCGTTCTTAGTTGGTGGA I GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC

.TGCATGGCCGTTCTTAGTTGGTGGA :GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
.TGCATGGCCGTTCTTAGTTGGTGGA :GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC

.TGCATGGCCGTTCTTAGTTGGTGGA :GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC

TGCATGGCCGTTCTTAGTTGGTGGA :GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC

TGCATGGTCGTTCTTAGTTGGTGGA :GTGATTTTTCTGGTTAATTCCGTTAACGAACCAGACCTTAACC

TGCATGGCCGTTCTTAGTTGGTGGA :GCGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC

TGCATGGCCGTTCTTAGTTGGTGGA :GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC

TGCATGGCCGTTCTTAGTTGGTGGA :GTGATCTGTCTGGTTAATTTCGATAACGAACGAGACCTTAGCC

TGCATGGCCGTTCTTAGTTGGTGGA: GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC

AF080611-Lankesterella.mini...TGCATGGCCGTTCTTAGTTGGTGGA: TGA:CTGTCTGGTTAATTTCGATAACGAACGAGA CTTAGCC

AF457130-Leidyana.migrator
AF457127-Monocystis.agilis
AF213514-Monocystis.agilis
Ul7346-Neospora.caninum

AF129883-Ophriocystis.elek.

TGCATGGCCGTTCTTAGTCGGTG :AGTTGACTTGTCTGGTTAATTCCGATAACGGACGAGACCTCGGCC

TGCATGGCCGTTCTTAGTTGGTGGA :GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACTTTGCCC

TGCATGGCCGTTCTTAGTTGGTGGA :GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC

TGCATGGCCGTTCTTAGTTGGTGGA :GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACTTTAACC

11660 11670 11680 11690 i1700 11710 11720
TGCATGGCCGTTCTTAGTTGGTGGA:GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC

Lve



MF5826-Haemogregarina.sp.(..
MF5864-Haemogregarina.sp.(..

MF5898-Haemogregarina.sp.(..

MF7948-Haemogregarina.sp.(...

MF7951 -Haemogregarina.sp.(...
MF7952-Haemogregarina.sp.(..
AF176836-Hepatozoon.ameri...
AF206669-Hepatozoon.canis

AF176835-Hepatozoon.canis

Appendix C (cont.)

.TGCTAAATAGGGT GAAAAACTTTGTGTTTTTAAA: : ssTs : TACTTCTTAGAAGGACTTTGCGTGTC

AF176837-Hepatozoon.catesb...

AF206671 -Hepatozoon.sipedon
AF418558-Hepatozoon.sp.
AF298623-Hyaloklossia.liebe...
AF080612-Isospora.robini
U97523-Isospora.Suis
AF080611-Lankesterella.mini..
AF457130-Leidyana.migrator
AF457127-Monocystis.agilis
AF213514-Monocystis.agilis
Ul7346-Neospora.caninum

AF129883-Ophriocystis.elek.

.TGCTAAATAGGGT AAAAAACTGTGTGTTTTTAAA: : : sT::TACTTCTTAGAAGGACTTTGCGTGTC
.TGCTAAATAGGGT AAAAAACTGTGTGTTTTTAAA: : : :Ts:TACTTCTTAGAAGGACTTTGCGTGTC
TGCTAAATAGGGT GAAAAACTATGTGTTTTTAAA: : : sT ::TACTTCTTAGAAGGACTTTGCGTGTC
TGCTAAATAGGGT GAAAAACTTTGTGTTTTTAAA: : :T:iTACTTCTTAGAAGGACTTTGCGTGTC
.TGCTAAATAGGGT GAAAAACTTTGTGTTTTTAAA: : :T:iTACTTCTTAGAAGGACTTTGCGTGTC
TGCTAAATAGGGT GAAAAGCTTTTGCTTTAAAAANA: :::::CTTACTAC

TGCTAAATAGGGT GAAAAGCTTT:TGTTTTAAAA: : : :T ::TACTTCTTAGAAGGACTTTTCGTGTC
TGCTAAATAGGGTTAGAAACACT : : :TGTTTTTAAAT : : :TA: : :CTTCTTAGAAGGACTTTGCGTGTT
TGCTAAATAGGG : TCGGGAA:CTTCTGT : T:CTCGTATCA:CT:TCTT :: :AGAGGGACTTTGCGTGT:
TGCTAAATAG :GATCGGGAAC : : :.CT:CGG: :T:T:TCCGCATCACTTCTTAGAGGGACTTTGCGTGTC
TG TAAATAG :GATCAGGA:C:::CT:CG:::TGTTCTTGTATCACTTCTTAGA :GGACTTTGCGTGTC

.TGCTAAATAG :GATCTGGAAC : :GTTATAGT :T CCA: :GCATCACTTCTTAGAGGGACTTTGCGTGTC

TGCCAATTGG: : i1 CTTCACCTCTTTGAGGG:CTTCGTGAGTC
TGCTAAATAG: ::::::: :ACACTCTAGCTTCGGCTATAGCTGGACTTCTTAGAGGGACTTTGCGTGTA
TGCTAAATAG:GATCAGGAAC : :: ::: : TTCGTGTTCTTGTATCACTTCTTAGAGGGACTTTGCGTGTC
TGCTAAATAG: :ACATCAAAGCTACTGCTTTG :::::: :ACTGAGCTTCTTAGAGGGACTTTGCGTGTA

11730 i1740 11750 11760 11770 11780 11790

TGCTAAATAG:GTTCAAGAAMATATTTTTTTTT:TTTTTATATTACTTCTTAGAGGGACTTTGCGTGTC

eoo0t o+
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MF5826-Haemogregarina.sp.(...
MF5864-Haemogregarina.sp.(...
MF5898-Haemogregarina.sp.(...

Appendix C (cont.)

TAA: TCGCAAGG ........................................................

TAAT : :GCAAGG .........................................................

TAAT i GCAAGG & & o o Ll lliiiiiiiiiuiiuiuiiiii

MF7948-Haemogl’egarlnaSp(TAA : CGCAAGG: ........................................................

MF7951-HaemogregarlnaSp(TAA . CGCAAGG .........................................................

MF7952-Haemogregarina.sp.(...
AF176836-Hepatozoon.ameri...
AF206669-Hepatozoon.canis
AF176835-Hepatozoon.canis
AF176837-Hepatozoon.catesb...
AF206671 -Hepatozoon.sipedon
AF418558-Hepatozoon.sp.
AF298623-Hyaloklossia.liebe...
AF080612-Ilsospora.robini
U97523-Isospora.suis
AFo080611-Lankesterelia.mini..
AF457130-Leidyana.migrator
AF457127-Monocystis.agilis
AF213514-Monocystis.agilis
Ul7346-Neospora.caninum

AF129883-Ophriocystis.elek.

TAA: CGCAAGG: ........................................................

TAA: :CGCGAAG .........................................................

TAA: :CGCAAGG : @ ooy rrrnn oo
CTAAICGTAAGG : : : :: i ooortrrrrr sy
TAA: CGCAAGG: @ : oot trr i
TAA: CGCAAGG: : ::: i i
TAA: CGCAAGG: @ ooy r oo n oo
TATCTCG::AGG: : : oo r oo
TAAT: :GCAAGG: : : 1o ooitrrr i s
TAA: CGCAAGG: @ :: oo nnn o
TAA: :CGCAAGG : @ @ttty nnnn o
11800 11810 11820 11830 11840 i1850 IT86

TAA: : CGCAAGGGACAATTGTCCTWTTTTAATTGGTAGGTTWTYTAMTTTCGATTWGATCTCKTTKAAC

6v¢



MF7952-Haemogregarina.sp.(...

AF176836-Hepatozoon.ameri...

AF206669-Hepatozoon.canis

AF176835-Hepatozoon.canis

AF176837-Hepatozoon.catesb...

AF206671 -Hepatozoon.sipedon

AF418558-Hepatozoon.sp.

AF298623-Hyaloklossia.liebe...

AF080612-lsospora.robini

U97523-Isospora.suis

AF080611-Lankesterella.mini...

AF457130-Leidyana.migrator
AF457127-Monocystis.agilis
AF213514-Monocystis.agilis

Ul7346-Neospora.caninum

AF129883-Ophriocystis.elek.

Appendix C (cont.)

cLLlissiilsiisisiisIisIsIsIlllIsiiiiiiiiilsiisilisSssIssissilisiiiiils

0 11870 11880 11890 11900 11910 11920 119
GTGKKAMAAAGAAAAAGGTTCGTGCACTTCGAAATAAGCAAATCAACCAGGTTCAATTTTACCTAAGWA

0S¢



MF5826-Haemogregarina.sp.(...
MF5864-Haemogregarina.sp.(...
MF5898-Haemogregarina.sp.(...
MF7948-Haemogregarina.sp.(...
MF7951 -Haemogregarina.sp.(...
MF7952-Haemogregarina.sp.(...

AF176836-Hepatozoon.ameri...

AF206669-Hepatozoon.canis

AF176835-Hepatozoon.canis

AF176837-Hepatozoon.catesb...

AF206671 -Hepatozoon.sipedon

AF418558-Hepatozoon.sp.

AF298623-Hyaloklossia.liebe..

AF080612-lsospora.robini

U97523-Isospora.suis

AF080611-Lankesterella.mini...

AF457130-Leidyana. migrator
AF457127-Monocystis.agilis
AF213514-Monocystis.agilis
U1l7346-Neospora.caninum

AF129883-Ophriocystis.elek.

30

Appendix C (cont.)

11940 11950

il960

11970 11980

AAGTTTGAG
AAGTTTGAG
AAGTTTGAG
AAGTTTGAG
AAGTTTGAG
AAGTTTGAG

AAGTTTGAG

AAGTTTGAG

AGGTTTGAG
AAGTTTGAG
AAGTTTGAG
AAGTTTGAG
AAGTTCGAG
AAGTTCAAG

AAGTTTGAG
AAGTTTAAG

11990102

WGKRTKTMWYTTGCTTKATTKTAAWGCTTCTTAGAGGAACRRTGTGTGTSTAACACAAGGAAGTTTGAG



MF5826-Haemogregarina.sp.(...
MF5864-Haemogregarina.sp.(...
MF5898-Haemogregarina.sp.(...
MF7948-Haemogregarina.sp.(...
MF7951-Haemogregarina.sp.(...
MF7952-Haemogregarina.sp.(...
AF176836-Hepatozoon.ameri...
AF206669-Hepatozoon.canis
AF176835-Hepatozoon.canis
AF176837-Hepatozoon.catesb...
AF206671 -Hepatozoon.sipedon
AF418558-Hepatozoon.sp.
AF298623-Hyaloklossia.liebe...
AF080612-lsospora.robini
U97523-Isospora.suis
AF080611-Lankesterelia.mini...
AF457130-Leidyana.migrator
AF457127-Monocystis.agilis
AF213514-Monocystis.agilis
Ul7346-Neospora.caninum

AF129883-Ophriocystis.elek.

GCAATAA
GCAATAA
GCAATAA
GCAATAA
GCAATAA

GCAATAA

GCAATAA

GCAATAA

GCAATAA
GCAATAA
GCAATAA
GCAATAA
CCTATAA

GCAATAA

GCAATAA
GCAATAA
iiiio

GCAATAA

:CAGGTC:
:CAGGTC:

C GGTC:
:CAGGTC:

:CAGGTC

:CAGGTC

:CAGGTC:

:CAGGTC:

:CAGGTC

:CAGGTC:
:CAGGTC:

:CAGGTC

:CAGGTC
:CAGGTC

:CAGGTC
:CAGGTC

2010

Appendix C (cont.)

TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACAATGATGCACCCAA
TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACAATGATGCACCCAA
TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACAATGATGCACCCAA
TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACAATGATGCACCCAA
:TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACAATGATGCACCCAA
:TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACAATGATGCACCCAA

TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACAATGATGCATCCAA

TGTGATGCC: TTAGATGTTCTGGGCTGCACGCGCGCTACAATGATGCGTACAA

:TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCATCCAA
TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCACTCAA
TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCATCCAA
:TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCACTCAA
; CGTAATGCCCTTAGATGATCTGGGCTGCACGTGTGCTACAATGGCGGATCCAG
T TGTGATGCCCTTAGATGCTCTGGGATGCACGCGCGCTACACTGAAGCATTCAC

:TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCATCCAA
:TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCATTCAA

12020 12030 i2040 12050 12060 f

TCAGGTC: TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCATCCAA

- +

e e o oo - - 4 R +
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Appendix C (cont.)

,jg MF5826-Haemogregarina.sp.(... CAAGTTTAT

49 MF5864-Haemogregarina.sp.(.
N g MF5898-Haemogregarina.sp.(.

..CAAGTTTATAAC
..CAAGTTTATAA

,Jo MF7948-Haemogregarina.sp.(...CAAGTTTACACT

,|g MF7951-Haemogregarina.sp.(.
<g MF7952-Haemogregarina.sp.(.
~g) AF176836-Hepatozoon.ameri...
Ng AF206669-Hepatozoon.canis
Ng) AF176835-Hepatozoon.canis
<|g) AF176837-Hepatozoon.catesb..
~g) AF206671-Hepatozoon.sipedon
Ng) AF418558-Hepatozoon.sp.
48j) AF298623-Hyaloklossia.liebe...
Ng) AF080612-Isospora.robini
Ng) U97523-Isospora.SUis

Ng) AF080611-Lankesterella.mini...
mjg) AF457130-Leidyana.migrator
4g) AF457127-Monocystis.agilis
.jg AF213514-Monocystis.agilis
.jg Ul7346-Neospora.caninum

Ng AF129883-Ophriocystis.elek.

..CAAGTTTATACCT
.CAAGTTTATAACT

CAAGTTTATAACCTTGGC :TGG @ it

CAAGTTTATAACCTTGGC :TGG @ it

CGAGTATATAA: .CCTTGGCCG: : :: i
CGAGT :T:TTTGACCTTGGCCG : :: s

CGAG :T:TTATAACCTTGGCCG : : ;@i
CGAGT :T :TATAACCTTGGCCG ...............................................

CAAGAAGCTTGTGAAACTCC : G ...............................................

CGAGTGTTTCCTGACTTGGAGGAGTTGGG : » tc i oo v rr i r o n o no oo rno oo

CGAG T:TTATAACCTTGGCCG: & & & &ttt ittt ot s s s s e

CAAGTTACTCCTGATCTGAAGA © @ &ttt s s s e e s s s

2070 12080 12090 12100 12110 12120 12130
CGAGTTTATAT:TCCTTGGCCGYAGGTGCGGGGGYTWTGTCTMATAATWAARKMWASTAAGTGSTKTWC

+

€9¢



19)

MF5826-Haemogregarina
MF5864-Haemogregarina
MF5898-Haemogregarina
MF7948-Haemogregarina
MF7951-Haemogregarina.

MF7952-Haemogregarina

AF176836-Hepatozoon.ameri...

AF206669-Hepatozoon.canis

AF176835-Hepatozoon.canis

AF176837-Hepatozoon.catesb...

AF206671 -Hepatozoon.sipedon

AF418558-Hepatozoon.sp.

AF298623-Hyaloklossia.liebe...

AF080612-Isospora.robini

U97523-Isospora.suis

AF080611l-Lankesterelia.mini..

AF457130-Leidyana.migrator
AF457127-Monocystis.agilis
AF213514-Monocystis.agilis
U1l7346-Neospora.caninum

AF129883-Ophriocystis.elek.

sp.(...
sp.(...
sp.(...
sp.(...
sp.(...

sp.(...

Appendix C (cont.)

TAAG:CTTGGGTAATCTTTTGAA:

TAAG:CTTAGGTAATCTTTTGAA:

GTAGG: TTTA:GGTAATCTTGTGAG
:GCAGGTCT:AGGTAATCTTTTGAG

ATAGGTCTiIAGGTAATCTTGTGAG

:GCAGGTCT

ATAGGTCT

12140 12150
CKASAYTGAAAGGWCT

GGT: T:GGGTAATCTTTTGAA

TAGGTAATCTTTTGAG:

:AGGTAATCTTGTGAG

12160 121

TGGGTAATCTTTTGAG:

TATGCATTCGTGATGGGAATAGATTATTGTAATTAT

TGTGCAT:CGTGATAGGAATAGATTATTGTAATTAT

TATGCAT:CGTGATGGGGATAGATTATTGCAATTAT
TATGCAT:CGTGATGGGGATAGATTATTGCAATTAT

:TATGCATICGTGATGGGGATAGATTATTGCAATTAT

TATGCAT:CGTGATGGGGATAGATTATTGCAATTAT

:CCATAC: TiA:GGG:ATCAACCCTTGCAATTGT

TATGCTT:CGTGATGGGGATTGACCATTGTAATTAT

:TATGCAT :CGTGATGGGGATAGATTATTGCAATTAT

:TATGCAT :CGTGATGGGGATAGATGATTGTAATTAT

70 12180 12190 12200
TATGCATTCGTGATGGGGATAGATTATTGCAATTAT



Appendix C (cont.)

MF5826-Haemogregarina.sp.(...

MF5864-Haemogregarina.sp.(...

MF5898-Haemogregarina.sp.(...

MF7948-Haemogregarina.sp.(...

MF7951 -Haemogregarina.sp.(...

MF7952-Haemogregarina.sp.(...

AF176836-Hepatozoon.ameri...

AF206669-Hepatozoon.canis TAATCT : TTAACGAGG : AATGCCTAGTAAGCGCGA

AF176835-Hepatozoon.canis

AF176837-Hepatozoon.catesb...

AF206671 -Hepatozoon.sipedon TAATCT : TAAACGAGG : AATGCCTAGTAAGTGTAA

AF418558-Hepatozoon.sp.

AF298623-Hyaloklossia.liebe... TAATCT : TCAACGAGG : AATGCCTAGTAGGCGCAGGTCAGCAGCTTGCGC : CGAT
AF080612-Isospora.robini TAATCT : TCAACGAGG :AATGCCTAGTAGGCGCAAG CAGCAGCTTGCGC CGATTACGTCCCTGCCCT
U97523-Isospora.Suis TAATCT : TCAACGAGG :AATGCCTAGTAGGCGCAAGTCAGCAGCTTGCGC CGATTACGTCCCTGCCCT
AF080611-Lankesterella.mini... TAATCTTC : AACGAGGTAATGCCTAGTAGGCGCAAGTCAGCAGCTTGCGC CGATTACGTCCCTGCCCT
AF457130-Leidyana.migrator GGGTTGTGAACC : AGG :AATTCCTAGTAAAGATGTGTCATAATCACATGT : TGATTATGTCCCTGCCCT
AF457127-Monocystis.agilis TGGTCA: TGAACGAGG :AATTCCTAGTAAGCATAAGTCATCAACTTGTGC : TGATTATGTCCCTGCCCT
AF213514-Monocystis.agilis

U1l7346-Neospora.caninum TAATCT : TCAACGAGG :AATGCCTAGTAGGCGCAAGTCAGCAGCTTGCGC CGATTACGTCCCTGCCCT

AF129883-Ophriocystis.elek. TCATCTTG : AACGAGG : AATTCCTAGTAAGCGCAAGTCATCAGCTTGTGC : TGATTACGTCCCTGCCCT

12210 12220 12230 12240 12250 12260 12270
TAATCT: TGAACGAGG:AATTCCTAGTAAGCGCAAGTCATCAGCTTGCGC: TGATTACGTCCCTGCCCT-

I e e et o e .- ceeccceccen ee e eececce + oo - 4 . + e+te
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MF5826-Haemogregarina.sp.(...
MF5864-Haemogregarina.sp.(...
MF5898-Haemogregarina.sp.(...
MF7948-Haemogregarina.sp.(...
MF7951 -Haemogregarina.sp.(...
MF7952-Haemogregarina.sp.(...
AF176836-Hepatozoon.ameri...
AF206669-Hepatozoon.canis
AF176835-Hepatozoon.canis
AF176837-Hepatozoon.catesb...
AF206671 -Hepatozoon.sipedon
AF418558-Hepatozoon.sp.
AF298623-Hyaloklossia.liebe..
AF080612-lsospora.robini
U97523-Isospora.suis
AFo080611-Lankesterelia.mini...
AF457130-Leidyana.migrator
AF457127-Monocystis.agilis
4gJAF213514-MonocysﬂsagHB
Ul7346-Neospora.caninum

lg) AF129883-Ophriocystis.elek.

Appendix C (cont.)

TTGTACACACCGCCCGTCGCTGCAACCGATCGGAGGGTCCTGTGAACTCATCGGA: C:TGACCTGCTT
TTGTACACACCGCCCGTTGCTCCTACCGATTGAGTGTTCCGGTGAATTATTCGGAC CGT. : :TTT:GT
TTGTACACACCGCCCGTCGCTGCAACCGATCGGAGGGTCCTGTGAACTCGATGGA : C :TGATCAGCAT
TTGTACACACCGCCCGTCGCTTCAACTGATTGGATGATCCGGCAAATTACATGGACGT: t ittt
TTGTACACACCGCCCGTCGCATCAATCGATTGGATAATTCGGTGAATGATTCGGATTGAATTATTATTA

TTGTACACACCGCCCGTCGCTCCTACCGATTGAGTGTTCCGGTGAATTATTCGGAC :CGT : : :TTT GT
TTGTACACACCGCCCGTCGCCTCAATCGACTGGATGATCCGGTGAATTATTCGGACCGACTCATTGCGT

12280 12290 12300 12310 12320 12330 12340
TTGTACACACCGCCCGTCGCTCCTACCGATTGAATGATCCGGTGAATTATTCGGAC: CATGACT: T: 1 Te

ott+++ o

99¢



Appendix C (cont.)

MF5826-Haemogregarina.sp.(...
MF5864-Haemogregarina.sp.(...
MF5898-Haemogregarina.sp.(...
MF7948-Haemogregarina.sp.(...
MF7951-Haemogregarina.sp.(...
MF7952-Haemogregarina.sp.(...
AF176836-Hepatozoon.ameri...
AF206669-Hepatozoon.canis
AF176835-Hepatozoon.canis
AF176837-Hepatozoon.catesb...
AF206671 -Hepatozoon.sipedon
AF418558-Hepatozoon.sp.

AF298623-Hyaloklossia.liebe...
AF080612-Isospora.robini CG C :TTTGC GTAGCTG GTCGGGAAGTTGCGTAAATAGAGCCCTCT :A: AAGGATGCAAAA :GTC

U97523-Isospora.Suis G GC GC GT:TCGTGCCCGAGATGGAAAGTTTTGTGAACCTTAACACTT : A: GAGGAAGGAGAA i GTC
AF080611-Lankesterella.mini... TG C :TCCGC TTTGCTG GTTGGAAACTTGCCTAAATAGAGCCCTCT :A:AAGGATGCTAAA :GTC
AF457130-Leidyana.migrator ::::::iiiiirrriiiiiiiir (TAADAAT :GCTGTGAGCCTTATCTTCT : ATGAGGATGAAGAA : GTC
AF457127-Monocystis.agilis GAAATAGTTTTAATTT : :GAGAAGTCTTGTAAACCCAATTATCT i A: GAGAATGGTCAA : GTC
AF213514-Monocystis.agilis

Ul7346-Neospora.caninum G GC GC GT:TCGTGCCCGAAATGGGAAGTTTTGTGAACCTTAACAICTTA: GAGGAAGGAGAA: GTC

AF129883-Ophriocystis.elek. TTTATAACACAAAGAGACGG : :::1 : AAAGTTTTATGAACCAAATCATCT : : : GAAGAATGAGAAAGTC
12350 12360 12370 12380 i2390 12400 12410
G::T::7T:AG:CAGTACATGT: AAGGAAAGTTTCGTAAACCTTATCATTT: A: GAGGAAGGAGAA: GTC

LS¢



MF5826-Haemogregarina.sp.(
MF5864-Haemogregarina.sp.(
MF5898-Haemogregarina.sp.(
MF7948-Haemogregarina.sp.(
MF7951 -Haemogregarina.sp.(
MF7952-Haemogregarina.sp.(
AF176836-Hepatozoon.ameri...
AF206669-Hepatozoon.canis

AF176835-Hepatozoon.canis

AF176837-Hepatozoon.catesb...

AF206671 -Hepatozoon.sipedon
AF418558-Hepatozoon.sp.
AF298623-Hyaloklossia.liebe...
AFO080612-Isospora.robini
U97523-Isospora.suis
AF080611-Lankesterelia.mini..
AF457130-Leidyana.migrator
IAF457127-Monocystis.agilis
IAF213514-Monocystis.agilis
Ul7346-Neospora.caninum

IAF129883-Ophriocystis.elek.

G-

G

Appendix C (cont.)

T: :AACACGGTTTCCGTAGGTGAACCTGC:G GAAGGATC
T: :AACAAGGTTTCCGTAGGTGAACCTGC G:GAAGGATCC

GCTA TAACACGGTTTCCGTAGGTGAACCCGCCGCGAACGATC

G:
G:

®

T: :AACACGGTATCC
T: ::AACANNTATCTGTAGGTGAACCTGC: :AGAAGGATCAA

:T :: :AACAAGGTTTCC
:T:: :AACATGGTATCCGTAGGTGAACCTGC: G: GAAGGATCC

12420 12430 12440 12450 i2460

T:: :AACAAGGTTTCCGTAGGTGAACCTGC: : AGAAGGATCAWTC

...... 0040 o o0 EREREE
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Appendix C (cont.)

U07697-Perkinsus.atlanticus

UO07701 -Perkinsus.olseni

AJ243513-Plasmodium.bergheiAACCTGGTTGATCTTGCCAGTAGTCATAT : : GCTTGTC :

U93095-Plasmodium.vivax

L31843-Pseudomonocystis.le...
U97524-Sarcocystis.sp. GATCTGGTTGATCCTGCCAGTAGTCATAT
L24383-Sarcocystis.tenella T
AACCTGGTTGATCCTGCCAGTAGTCATAT

AACCTGGTTGATCCTGCCAGTAGTCATAT

U97056-Theileria.cervi
L02366-Theileria.parva
TCATAT

ATAT

L37415-Toxoplasma.gondii

L24381 -Toxoplasma.gondii

H Ho 120

AACCTGGTTGATCTTGCCAGTAGTCATATACGCTTGTC :

GCTTGTC:
GCTTGTC:

GCTTGTC

GCTTGTC

130

TCAAAGAT :
TCAAAGAT :

TTAAAGAT:
TTAAAGAT:

:TTAAAGAT:
GCTTGTC:
GCTTGTC:

TTAAAGAT:
TTAAAGAT:

:TTAAAGAT:

ITo

TAA:
TAA:

TAA:
TAA
TAA
TAA:
TAA:
TAA

Iso

GCCAT : GCAAGTGAAAG
GTCAT : GCTAGTGAAAG

GCCAT:GCATGTCTAAG

:GCCAT:GCATGTCTAAG
:GCCAT:GCATGTCTAAG

GCCAT: GCATGTCTAAG
GCCAT:GCATGTCTAAG

:GCCAT:GCATGTCTAAG

Ulo

AACCTGGTTGATCCTGCCAGTAGTCATAT: : GCTTGTC: TCAAAGAT: TAA:GCCAT:GCATGTCTAAG

69¢



Appendix C (cont.)

U07697-Perkinsus.atlanticus

U07701 -Perkinsus.olseni

AJ243513-Plasmodium.bergheil I TATAT : GCACATTT : ATT : :::: :GCAGAAACTGCGAACGGCTCATTAAAACAGTTATAATCTACTT
U93095-Plasmodium.vivax GATATAC : GCATAT : ATTTGCATAT : GCAGAAACTGCGAACGGCTCATTAAAACAGTTATAATATACTG

L31843-Pseudomonocystis.le...

U97524-Sarcocystis.sp. - TATAA:GCTTTT:ATACGi : 1:::GC: GAAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT
L24383-Sarcocystis.tenella i TATAA: GCTTTTTATACG: : : : : : GC: GAAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT
U97056-Theileria.cervi - TATAATGCTTTTTATATG: : : : : G:TGAAACTGCGAATGGCTCATTACAACAGTTATAGTTTATTT
L02366-Theileria. parva . TATAA:GCTTTTiATATGT:::1 Gi TGAAACTGCGAATGGCTCATTACAACAGTTATAGTTTATTT
L37415-Toxoplasma.gondii i TATAA: GCTTTTTATACGi1:17 GCT:AAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT
124381 -Toxoplasma.gondii :TATAA:GCTTTT:ATACGi :::: GCT:AAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT

76 i80 90 mid Imo 1120 o

. TATAA:GCTTTT:ATACG: : : :: :G: TGAAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT

(X} (X} ++++ e o eoo+oe (X N NN NN

09¢



Appendix C (cont.)

U07697-Perk'msus.atlanticus

U07701 -Perkinsus.olseni

AJ243513-Plasmodium.bergheiGACATTTT: : A:TTATAAGGATAACTACGGAAAAGCTGTAGCTAATACTTG: : T
U93095-Plasmodium.vivax GACATTTTTT CCC:ATAAGGATGATTACGGAAAAGCTGTAGCCAATATTTG: GC
L31843-Pseudomonocystis.le...

U97524-Sarcocystis.sp. GAT:GGTCTTT: :::::::::::: ACT:ACATGGATAATCGTGGTAATTCTATGGCTAATACATGCGC
L24383-Sarcocystis.tenella GAT:AGTCATCTGAGATGAAAGTCTACT: ACATGGATAACCGTGGTAATTCTATGGCTAATACATGCGC
U97056-Theileria.cervi GAT:GTTCGTTTT: :::::::::::: :T:ACATGGATAACCGTGCTAATTGTAGGGCTAATACATGTTC
L02366-Theileria.parva GAT:GTTCGTTTT: :::::::::::: :T:ACATGGATAACCGTGCTAATTGTAGGGCTAATACATGTTC
L37415-Toxoplasma.gondii GAT GGTCTTT: :::::::::::: ACT:ACATGGATAACCGTGGTAATTCTATGGCTAATACATGCGC
L24381 -Toxoplasma.gondii GAT GGTCTTT::::::::::::::ACT:ACATGGATAACCGTGGTAATTCTATGGCTAATACATGCGC

(140 IT50 f160 ITTo 1180 1T90 TiTo

GAT:GGTCTTTTTSTAKGAWAGYYTACT: ACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCGC

+ oo e e 000000000 . . .o e e e e e e e 0 e e e 0 e e 0000t + oo oo e e + e oo o000



U07697-Perkinsus.atlanticus
U07701 -Perkinsus.olseni

Appendix C (cont.)

AJ243513-Plasmodium.bergheiTAAGTACTTTT : ACTCCCC : : : GGAGTAATTGTATGTATTT: :GT: TA:A:GACCC : CTAAGAAAA: :

U93095-Plasmodium.vivax
L31843-Pseudomonocystis.le...
U97524-Sarcocystis.sp.
L24383-Sarcocystis.tenella
U97056-Theileria.cervi
L02366-Theileria.parva
L37415-Toxoplasma.gondii
L24381 -Toxoplasma.gondii

ATAGCACTTTTGATTAACTTCTTAAGTGCGTACTTGTTAATTCGTCTAAGAAGAAAGTTTTAATA:

ACATA:CTTTTCTTGTTTTTTGACGAGAGAGTAGTGTTTATTAGA: TAC: AGAACCAACAAGCCACCTT

AAATATCCTTTTTCGC: : : : AAGGAAGAGGATAGTGTTTATTAGA: TAC: AGAACCAATACACCA:GTG
GAGG::CC::: 1110 . GGTTGGCTGCGTTTATTAGA:C;CTAAAACCAATTCGA: ; ATGT
GAGG:CCAT: ::::::::::::::: . TTGGCGGCGTTTATTAGA:C:CTAAAACCAAACC::GCTT::
ACAT GCCTC:TTCCCCT:::::: GGAAGGGCAGTGTTTATTAGA: TAC:AGAACCAACCCACCTT:CC
ACAT GCCTC:TTCCCCT:::::: GGAAGGGCAGTGTTTATTAGA: TAC:AGAACCAACCCACCTT:CC
1210 1220 1230 1240 uso T260 1270

AAAAACCCTACTTTTT: :::::: :GGAAGGGTTGTRTTTATTAGA: TAC: AGAACCAAACCACCTTTTT



Appendix C (cont.)

1107697-Perkinsus.atlanticus

U07701 -Perkinsus.olseni

AJ243513-Plasmodium.berghei: ::::::: i AATGATATTAAAGGAATTATAACAAA:GAAGCAACACATA
U93095-Plasmodium.vivax tiii:i:i::: :GCTTTATGAATGATAACAACGAA: : :G:TGTGACAC: :GTA

L31843-Pseudomonocystis.le...

U97524-Sarcocystis.sp. GATT: ::: GGTGGATTTTAGGTGATTCATAGTAA:C:CGAACGGA: TCGCATTTGATGA
L24383-Sarcocystis.tenella TCACAGCT GGTGTGAAAAAGGTGATTCATAGTAA: C:CGAACGGA: TCGCATTATGGTC
U97056-Theileria.cervi C::::::o: ::: :GAAAACCGGTGATTCATAATAAACTT: :GCGAA: TCGCG: : : :G:CT
L02366-Theileria.parva Tiirion :G:CGGTGTCCGGTGATTCATAATAAATAT: :GCGAA:TCG:T: ::: :ACT
L37415-Toxoplasma, gondii - GGTGGTCCTCAGGTGATTCATAGTAA:C:CGAACGGA:TCGCGTT: : GACT
L24381-Toxoplasma.gondii  :::::::: GGTGGTCCTCAGGTGATTCATAGTAA: C: CGAACGGA:TCGCG: : TTGACT
1280 1290 13170 HTO F320 1330 1340

ACAHWGATSWGGGCTCGCGGTGGATWTTTGGTGATTCATAATAA:CTCGAACGGA: TCGCATTTTGGCT



Appendix C (cont.)

U07697-Perkinsus.atlanticus

U07701 -Perkinsus.olseni

AJ243513-Plasmodium.bergheiATATAATTATTCAG: : :::::::::: :TGTGTATCAATC : GA:GTTTCTGACCTATCAGCTTTTGATGT
U93095-Plasmodium.vivax AAAAGATTCGCCCATTTTTTTAS: SSGTGTGTGTCCATC : GA:GTTTCTGACCTATCAGCTTTTGATGT
L31843-Pseudomonocystis.le...

U97524-Sarcocystis.sp. CCTTTTATTAG: :::::::: GGTCGGCGATGGATCATTC: AAG:TTTCTGACCTATCAGCTTTCGACGG
L24383-Sarcocystis.tenella ATTCTTTTGTAAT: :::::: GGCTGGCGATAGATCATTC: AAG: TTTCTGACCTATCAGCTTTCGACGG
U97056-Theileria.cervi TAGGG:CTGCG: ssss:ssss:s5;s:s:ATGTATCATTC: AAG: TTTCTGACCTATCAGCTTTCGACGG
L02366-Theileria.parva TAG :::TGCG:::::::::11::00:: ATGTATCATTC: AAG: TTTCTGACCTATCAGCTTTCGACGG
L37415-Toxoplasma.gondii T:CGGTCTGCG: :: it ACGGATCATTC:AAG: TTTCTGACCTATCAGCTTTCGACGG
L24381 -Toxoplasma.gondii TC:GGTCTGCG: :: it ACGGATCATTC:AAG: TTTCTGACCTATCAGCTTTCGACGG
1350 1360 ITTo ITSO 1390 1400 1410

T:CGG:CTGCGCMRC: : TT:GGCTGGCGATATATCATTC:AAG:TTTCTGACCTATCAGCTTTCGACGG

92



1107697-Perkinsus.atlanticus
U07701 -Perkinsus.olseni

AJ243513-Plasmodium.bergheiTAGGGTATTGA :
U93095-Plasmodium.vivax TAGGGTATTGG:

L31843-Pseudomonocystis.le

U97524-Sarcocystis.sp. TAGTGTATTGG:
L24383-Sarcocystis.tenella  TAGTGTATTGG:
1197056-Theileria.cervi TAGGGTATTGG:
L02366-Theileria.parva TAGGGTATTGG:
L37415-Toxoplasma.gondii TACTGTATTGG:
L24381 -Toxoplasma.gondii TACTGTATTGG:
IT20

Appendix C (cont.)

:CCTAACATGG

:CCTAACATGG

:ACTACC: :GTGG
:ACTACC : :GTGG
:CCTACC: : GGGG
:CCTACC: : GGGG
:ACTACC: :GTGG
:ACTACC: :GTGG

1430 T440

1450

CTTTGACGGGTAACGGGGAATTAGAG
CTATGACGGGCAACGGGGAATTATAG

CAGTGACGGGTAACGGGGAATTAGGG
CAGTGACGGGTAACGGGGAATTAGGG
CAACGACGGGTAACGGGGAATTAGGG
CAACGACGGGTAACGGGGAATTAGGG
CIGTGACGGGTAACGGGGAATTAGGG
CAGTGACGGGTAACGGGGAATTAGGG

1460 1470 1480

TAGGGTATTGG:: :CCTACC::GTGGCATTGTCCTATTCGTGGCAGTGACGGGTAACGGGGAATTAGGG

G9¢



U07697-Perkinsus.atlanticus

U07701 -Perkinsus.olseni

Appendix C (cont.)

AJ243513-Plasmodium.bergheiTTCGATTCCGGAGAGGGAGCCTGAGAAATAGCTACCACATCTAAGGAAGGCAGCA @i ::::::GGCG

U93095-Plasmodium.vivax
L31843-Pseudomonocystis.le...
U97524-Sarcocystis.sp.
L24383-Sarcocystis.tenella
U97056-Theileria.cervi
L02366-Theileria.parva
L37415-Toxoplasma.gondii
L24381 -Toxoplasma.gondii

TTCGATTCCCGAGAGGGAGCTTGAGAAATAGCTACCACATCTAAGGAAGGCAGCATATAGCAGCATGGG

TTCGATTCCGGAGAAGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA: .1 :GGCG
TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA: :GGCG
TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA i ::::::: :GGCG
TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA 1 ::1:::::GGCG
TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCAT T ::::::: :GGCG
TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCA : :::::::: :GGCG

1490 15110 1510 1520 1530 1540 i55

TTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCATATAGCAGCAGGCGe

o fee + . .+ . . « ee b e + . . P . .
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Appendix C (cont.)

1107697-Perkinsus.atlanticus
U07701 -Perkinsus.olseni

AJ243513-Plasmodium.bergheiCGTAAATTACCCAATTCTAAATAA: : : :GAGAGGTAGTGACAAGAAA: TAACAATATAAGGCCAAATTT
U93095-Plasmodmm.vivax AGTAAATTACCCAACTCTAAAGAA: : : :GAGAGGTAGTGACAAGAAGTTAACAATACAAGGCCAA:TAT
L31843-Pseudomonocystis.le.
U97524-Sarcocystis.sp. CGCAAATTACCCAATCCT :GACTCAGGGAGGTAGTGACAAGAAASTAACAACGCT:GGAGATTTQA
L24383-Sarcocystis.tenella CGCAAATTACCCAATCCT :GACTCAGGGAGGTAGTGACAAGAAA: TAACAACACT: GGAAATTTTA
U97056-Theileria.cervi CGCAAATTACCCAATCCT :GACACAGGGAGGTAGTGACAAGAAA: TAACAATAC: GGGACG: TAT:
L02366-Theileria.parva CGCAAATTACCCAATCCT :GACACAGGGAGGTAGTGACAAGAAA: TAACAATACGGGGCTT:AAA:
L37415-Toxoplasma.gondii CGCAAATTACCCAATCCT : GATTCAGGGAGGTAGTGACAAGAAA: TAACAACACT: GGAAATTTCA
L24381 -Toxoplasma.gondii CGCAAATTACCCAATCCT : GATTCAGGGAGGTAGTGACAAGAAA: TAACAACACT: GGAAATTTCA
o} T560 1570 i580 T590 600 610 HT
CGCAAATTACCCAATCCTAACACA:::: GGGAGGTAGTGACAAGAAA: TAACAATACA:GGACTTTTT:
eoe |+ oo + +eoo .

L9¢



U07697-Perkinsus.atlanticus

U07701 -Perkinsus.olseni

Appendix C (cont.)

AJ243513-Plasmodium.bergheiTGG: : TTTT : ATAATTGG : AATGA: T:GG: G

U93095-Plasmodium.vivax :GG:C:

L31843-Pseudomonocystis.le...

U97524-Sarcocystis.sp. T:TTCT
L24383-Sarcocystis.tenella T :TTCT
U97056-Theileria.cervi G:TTT :
L02366-Theileria.parva G:TCT
L37415-Toxoplasma.gondii T:TTCT
L24381-Toxoplasma.gondii CTTTCT
20
:GTTC

TTT : ATAATTGG :

CAGTGATTGG:AATGA: T :GGG:
:AGTGATTGG:AATGA: : T :GGG:
T :GTAATTGG:AATGA: : T :GGG:
T :GTAATTGG:AATGA: : T :GGG:
cAGTGATTGG:AATGA: :TAGG ::
c:AGTGATTGG:AATGA: :TAG:G :
T630 1640 1650

I T:GTAATTGG: AATGAGTTAG: G

:AATTTAAAACC : : TTCCCAAAA : ATCAA

AATG :GT : G: TGCGGGGGGGGTGGTTTTAT : CCTTCTCCCAAAACA: CAA

AATCCAAACCCCTTT:C: AGAATAACAA
AATTTAAACCCCTTT: C: AGAGTAACAA
AATTTAAACCTCTT: : CCAGAGTATCAA
AATTTAAACCTCTT: : CCAGAGTATCAA
AATCCAAACCCCTTT: C: AGAGTAACAA
AATCCAAACCCCTTT:C: AGAGTAACAA

1660 f670 1680 T
T:AAATTTAAACCCCTTTAC: AGAGTATCAA



Appendix C (cont.)

U07697-Perkinsus.atlanticus

U07701 -Perkinsus.olseni

AJ243513-Plasmodium.bergheiTTGGAGGGCAAGTCTGGTGCCAGCAGCCGC :GGTAATTCCAGCTCCAATAGCGTATATTAAAATTGTTG
U93095-Plasmodium.vivax TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC:GGTAATTCCAGCTCCAATAGCGTATATTAAAATCGTTG
L31843-Pseudomonocystis.le...

U97524-Sarcocystis.sp. TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC:GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG

L24383-Sarcocystis.tenella TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC: GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG

U97056-Theileria.cervi TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC GGTAATTCCAGCTCCAATAGCGTATATTAAAATTGTTG

L02366-Theileria.parva TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC GGTAATTCCAGCTCCAATAGCGTATATTAAAATTGTTG

L37415-Toxoplasma.gondii TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC: GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG

L24381 -Toxoplasma.gondii TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC:GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG
690 IToo [TTo F720 1730 ITTo IT50

TTGGAGGGCAAGTCTGGTGCCAGCAGCCGC:GGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTG:-

. +  +tt+trttttr bttt et te HH H bttt ot tot+ H+tte o tetott

69¢



D U07697-Perkinsus.atlanticus

U UO07701 -Perkinsus.olseni

Appendix C (cont.)

D AJ243513-Plasmodium.bergheiCAGTTAAAACGCTCGTAGTTGAACTTCAAGGGTATAATTATTTTAAGCAACTCACTTGGAAAGAATCAT

% U93095-Plasmodium.vivax
L31843-Pseudomonocystis.le...
U97524-Sarcocystis.sp.
L24383-Sarcocystis.tenella
U97056-Theileria.cervi
L02366-Theileria.parva
L37415-Toxoplasma.gondii

L24381-Toxoplasma.gondii

CAGTTATAATGTTCGTAGTTAAATTTGAAAGAATCAA: CATTTTAAGCAACGCGTTTAGCTTAATCCAC

CAGTTAAAAAGCTCGTAGTTGGATTTCT
CAGTTAAAAAGCTCGTAGTTGGATGTCT
CAGTTAAAAAGCTCGTAGTTGAATTTCT
CAGTTAAAAAGCTCGTAGTTGAATTTCT
CAGTTAAAAAGCTCGTAGTTGGATTTCT
CAGTTAAAAAGCTCGTAGTTGGATTTCT

T760 ITTo p780 f790 1800 f810 1820
CAGTTAAAAAGCTCGTAGTTGGATTTCT,; : $ GTTAATAATTTATATATAATATTTTGATGAATATTTAT:

eeettte + e + @e@+ +++ + tewe +

0.2



Appendix C (cont.)

U07697-Perkinsus.atlanticus

U07701 -Perkinsus.olseni
AJ243513-Plasmodium.bergheiGACTTCTGTCACTGCTTTTATCCTTGTTGCAGTTCTTTTAATACAGGGCCCTTTGAGAGCCCATTAATT
U93095-Plasmodium.vivax ACGACTGGTGCTTC : GTATCGGTTGGTACTTAGCATCGACATTGTGCGCATTTTGCTACTACGTGTTCT

L31843-Pseudomonocystis.le... GCGGTAATT: CCAGCTCCAATAGCGTATATTAAAGTTGTTGCAGTTAAAAAGCTCGTAG
U97524-Sarcocystis.sp. i GCTGGAAGCAACCAG:TCC:GCTC:TATTATT : :GGGTGTGCACAT : : : GGTGAATTCT
L24383-Sarcocystis.tenella it GCTGGAAGCAATCAG : T:C:GCCCTATTTGTAGGGTGTGCACTT : : : GATGAA: : :TCT
U97056-Theileria.cervi trriririr GCTGC: : TCCGCACTATCTTCCCG :sTTAT :: 11111 :GGAGGTTTTGCGCC
L02366-Theileria.parva i GCTGCA:TCG:CTTG :TGT : :CCC:sTTC : : : :GGGGT :CTCTGCAT - :::::::::: G
L37415-Toxoplasma.gondii i GCTGGAAGCAGCCAG: TsCCGCCCTCA: : : : GGGGTGTGCACTT : : : GGTGAA: : :TCT
L24381-Toxoplasma.gondii ciiiiiiir GCTGGAAGCAGCCAG: T:CCGCCCTCA: : : :GGGGTGTGCACTT : : : GGTGAA: :TTCT
1830 1840 1850 i860 HTTo 1880 1890

ATAATATTAAGCTGTAA:CATCCTGTATCGTCCTTA:: : A:TAGGGTTTTTTTYT: : : GGTTTGTTTCT



U07697-Perkinsus.atlanticus

U07701 -Perkinsus.olseni

Appendix C (cont.)

AJ243513-Plasmodium.bergheiTATG

U93095-Plasmodium.vivax
L31843-Pseudomonocystis.le
U97524-Sarcocystis.sp.
L24383-Sarcocystis.tenella
U97056-Theileria.cervi
L02366-Theileria.parva
L37415-Toxoplasma.gondii

L24381 -Toxoplasma.gondii

TCTAATTAAAATGATTCTTTTTAGGGGTTTCCTTTGTTTCGGCATTGAATCCCTTG: @ irii:
TTGAACTTATGTTGGCGAAAGTCAGTTGCCTTCATTAGGTTTATTGTACTTTCAACAACATTGGTCTAC
:GG:CATTTTTCCTG:ATTG: :GTGTTTTTTTTTTG: TTGTGATGCAGCATCAATTTGTTGCGCATGAT

TGG:CTTATTTC: : GGACGGAGTTC:G:CTTTGTC: © - ooy oo oo ooy

AG: :CATCCTTC: TGG: : : :ATTT:CTCCACACTTCATTGTGTGGAGT:TTTTTCCA: 11
AG: :CATCCTTC:TGG: : : :ATTT:CTCCACACTTCATTGTGTGGAGT:TTTTTCCA: 11
1900 i910 1920 1930 1940 i950 i960

RG:CATTYTTCCTGGTTAGACTTTTCTTBTACTTTATTGCGTKGRKTG: TTTTTTCTMTYBTSCHCGAC



Appendix C (cont.)

<] U07697-Perkinsus.atlanticus

U

<) AJ243513-Plasmodium.berghei

Cc O U O w

U07701-Perkinsus.olseni

JACTGGGTTTCTCGTTACTTT: : GAGTAAATTAGAGTGTTTAAA:

U93095-Plasmodium.vivax TTACCTTGCGAAAAATAAAC: : TGTTCAAAG
L31843-Pseudomonocystis.le... TGCTTGGCAACTTCACTGCTGTCAATCCAGTAGAGCTGTTACTTT GAGTAAATTAGAGTGTTTCAA:
U97524-Sarcocystis.sp. AAGAAGAAGACAGCGATTA: i ::::::.. !GGA: CTGTTACTTT GAGAAAATTAGAGTGTTTCAA:
L24383-Sarcocystis.tenella it il IGIAITATGGATACTG: (TCTTT GAGAAA:TTAGAGTGTTTGA:C
U97056-Theileria.cervi Doollrinriiiiiiiiiiiiiiiiiiill IGGAITGTTITACTTT GAGAAAATTAGAGTGCTCAAA:
L02366-Theileria.parva Torrrrrirrriiiiiiiiiiiiiiill ITGGAITGTTITACTTT GAGAAAATTAGAGTGCTCAAA:
L37415-Toxoplasma.gondii Ll llLiliiiiiiiiiiiiiiiiil GGAIICTTTTACTTT GAGAAAATTAGAGTGTTTCAA:
L24381-Toxoplasma.gondii LIl Iiiiiiiiiiiiiiiiiiiiii GGAILCTTTTACTTT GAGAAAATTAGAGTGTTTCAA:
i970 1980 1990 11000 11010 i1020 11030

TDGTDGGVDACADCDATBHWKTAGTA: TATGGA: : YTTTTACTTT:: GAGAAAATTAGAGTGTTTCAA:



Appendix C (cont.)

U07697-Perkinsus.atlanticus
U07701 -Perkinsus.olseni
AJ243513-Plasmodium.bergheiGCAAACAGATA:AAGCGTATTTTACTGTG : : TTTGAATACTATAGCATGGAA ; TAACAACATTGAATAG

U93095-Plasmodium.vivax G:AAACAGTTATATTATAGCATT :GCGCGTTTC : GAATACTACAGCAGGGAA : TAACAAAATTGAAC: G

L31843-Pseudomonocystis.le... GCAGGCGCAGT:G: :::::::::::::: :CCTT:GAATACC :CAGCATGGAA: TAACAAA: TAAGGACT
U97524-Sarcocystis.sp. GCAGGCTTGTG:G::::::::::::::: :CCTT :GAATACTGCAGCATGGAA : TAACAA: TATAGGATT
L24383-Sarcocystis.tenella G:AGGCTAAT : :G:::::::::::::: ::CCTT:GA: T:CTCGAGCATGGAA : TAACAA: TATAGGATT
U97056-Theileria.cervj GCAGGCTTTT:GG: :::::::::::::: :C:TT:GAATAGTTTAGCATGGAA : TAATAAAG: TAGGACT
L02366-Theileria.parva GCAGGCTTTT: :G:::::::::::::: ::CCTT:GAATAGTTTAGCATGGAA : TAATAAAG: TAGGACT
L37415-Toxoplasma.gondii GCAG:CTTGT:CG: :::::::::::::: :CCTT:GAATACTGCAGCATGGAA : TAATAA: GATAGGATT
L24381-Toxoplasma.gondii GCAGGCTTGT :CG: :::::::::::::: :CCTT:GAATACTGCAGCATGGAA : TAATAA:GATAGGATT

11040 11050 11060 1107 0 11080 11090 11100

GCAGGCTTGT: : GWKMKWRYWTTASYGYGCCTT: GAATACTCCAGCATGGAA: TAATAA: GATAGGACT

v.c



UO7697-Perkinsus.atlant'icus

U07701 -Perkinsus.olseni

AJ243513-Plasmodium.bergheiGTCAAAAGTTTTTGAAAAATTTTTCTTATTTTGGCTTAGATACA:G:TTAATA:G:

U93095-Plasmodium.vivax

L31843-Pseudomonocystis.le..

U97524-Sarcocystis.sp.
L24383-Sarcocystis.tenella
U97056-Theileria.cervi
L02366-Theileria. parva
L37415-Toxoplasma.gondii

L24381 -Toxoplasma.gondii

Appendix C (cont.)

AGTAAAAA:CTT :::::: GGTTCATTTTTTTTGGCTTAGTTAC :

.TCGGTTCTTTTTT : :GTTGGTTTGGAGG: : CC :

TCGGTTCTATTTTTTGTTGGTTT:CTAGGA:CT
:CGGTTCTATTT: TGTTGGTTT:CTAGG::CT
TTGGTTCTATTTT :GTTGG:TT:TTAGGTACC
TTGGTTCTATTTT :GTTGG:TT:TTAGGTACC
TCGGCCCTATTT: TGTTGGTTT:CTAGGA:CT

TCGGCCCTATTT: TGTTGGTTT:CTAGGA:CT

11110 11120 11130

TTGGTTCTATTT: : TGTTGGTTT:CTAGGATCA: ::

iGAAGTAAT: GATTAACA
GAAGTAAT:GATTAATA
GAAATAAT:GATTAATA
AAA:GTAATGG:TTAATA
AAA:GTAATGG:TTAATA
:GAAGTAAT:GATTAATA

:GAAGTAAT:GATTAATA

11140 1X150

CGATTAATT ;G:
G:
:GGA:CAGTT:G:
:G:A:CAGTT:G:

O O 06 06 06 6

:G:AGCAGTT: G
:GAA:CAGTT:G
:GGA:CGGTT: G
:G:A:CGGTT:G

11160

GiAGTAGCTTG:
G:AGTAGCATG:
GAA:CAGTT:G:

H

O 0O 06 6 606 06 06 0 O

I'T

GAAGTAAT.GATTAATA:G:GGA:CAGTT:G:G



U07697-Perkinsus.atlanticus

U07701 -Perkinsus.olseni

AJ243513-Plasmodium.berghei:

U93095-Plasmodium.vivax
L31843-Pseudomonocystis.le
U97524-Sarcocystis.sp.
L24383-Sarcocystis.tenella
U97056-Theileria.cervi
L02366-Theileria.parva
L37415-Toxoplasma.gondii

L24381 -Toxoplasma.gondii

Appendix C (cont.)

:GCATTTGTATTCAGATGTCA
GCATTTGTATTCAGATGTCA
:GCATTCGAATTTGGTAGCTA
:GCATTCGTATTTAACTGTCA
:GCATTCGTATTTAACTGTCA

GCATTCGTATTTAACTGTCA

GCATTCGTATTTAACTGTCA

GCATTCGTATTTAACTGTCA

O 0 0 0 6 6 6 0 6
O 06 6 6 6 6 06 6 O

GCATTCGTATTTAACTGTCA

GAGGTGAAAT:TCTTAGATTTTCT: GGAGACAAACAACTGCG

GAGGTGAAAT: TCTTAGATTTTCT:GGAGACAAACAACTGCG

GAGGTGAAAT: TCTTAGATT: TACCAAAGACGGACTACTGCG

GAGGTGAAAT.:TCTTAGATT:TGTTAAAGACGAACTACTGCG

GAGGTGAAAT: TCTTAGATT: TGTTAAAGACGAACTACTGCG

GAGGTGAAAT:TCTTAGATT:TGTTAAAGACGAACTACTGCG

GAGGTGAAAT:TCTTAGATT:TGTTAAAGACGAACTACTGCG

GAGGTGAAAT:TCTT. GATT TGTTAAAGACGAACTACTGCG

GAGGTGAAAT:TCTTAGATT:TGTTAAAGACGAACTACTGCG

o) 11180 11190 11200 11210
'G:G:GCATTCGTATTTAACTGTCA:: GAGGTGAAAT:TCTTAGATT: TGTTAAAGACAAACTACTGCG

ot 0000000000000 000000 LN NN ]

11220 11230 fl2

(X ] + o 0000000000000 0OCOCOCSS o000 o00 (X} ° 4

9/¢



Appendix C (cont.)

1107697-Perkinsus.atlanticus

U07701 -Perkinsus.olseni
AJ243513-Plasmodium.bergheiAAA:GCATTT:GC:CTAAAATACTTCCATTAATCAAGAACGAAAG: TTAAGGGAGT: GAA: GACG: ATC
U93095-Plasmodium.vivax GCATTT:GC:CTAAAATACTTCCATTAATCAAGAACGAAAG. TTAAGGGAGT: GAA: GACG: ATT
L31843-Pseudomonocystis.le... AAA: GACTCT:GCCAAGGA: TGTTTTCATTAATCAAGAACGAAAG : TTAGGGGA: TCGAA: GACG: ATC
U97524-Sarcocystis.sp. AAA: GCATTT:GCCAAAGA: TGTTTTCATTAATCAAGAACGAAAG TTAGGGG: CTCGAA: GACG: ATC

L24383-Sarcocystis.tenella AAA: GCATTT:GCCAAAGA:TGTTTTCATTAATCAAGAACGAAAG TTAGGGG:CTCGAA:GACG:ATC

U97056-Theileria.cervi GCATTT:GCCAAGGA:TGTTTTCATTAATCAAGAACGAAAG TTAGGGGA:TCGAA:GACG:ATC
L02366-Theileria.parva GCATTT:GCCAAGGA:TGTTTTCATTAATCAAGAACGAAAG TTAGGGGA: TCGAA:GACG:ATC
L37415-Toxoplasma.gondii GCATTT:GCCAAAGA:TGTTTTCATTAATCAAGAACGAAAG TTAGGGG: CTCGAA:GACG:ATC
L24381 -Toxoplasma.gondii GCATTT:GCCAAAGA:TGTTTTCATTAATCAAGAACGAAAG TTAGGGG:CTCGAA: GACG: ATC

40 il250 11260 11270 11280 11290 11300 1T

AAA:GCATTT:GCCAAGGA: TGTTTTCATTAATCAAGAACGAAAG: TTAGGGGA: TCGAA:GACG:ATC

JHX



Appendix C (cont.)

U07697-Perkinsus.atlanticus

U07701 -Perkinsus.olseni

AJ243513-Plasmodium.bergheiAGATACCGTCGTAATCTTAACCATAAACTATGCCGACTAAG : 1 :TG::::: 111 (TTGGATG :: A: AAA
U93095-Plasmodium.vivax ~AGATGCCGTCGTAATCTTAACCATAAACAATGCCGACTA:G:ACTA:GGC: : :: :TTTAGATG : A: AAA
L31843-Pseudomonocystis.le.. . AGATACCGTCGTAGTCTTAACTATAA:CGATGCCAACT sAGAGATT:GG: t oo

U97524-Sarcocystis.sp. AGATACCGTCGTAGTCTTAACCATAAACTATGCCGACT:AGAGATA:GG: @ v s s s s

L24383-Sarcocystis.tenella AGATACCGTCCTAGTCTTAACCATAAACTATGCCGACT:AGAGATA:GG: t oo

U97056-Theileria.cervi AGATACCGTCGTAGTCCTAACCATAAACTATGCCGACT:AGAGATT:GG: @ oo iy
L02366-Theileria.parva AGATACCGTCGTAGTCCTAACCATAAACAATGCCGACT:AGAGATT:GG: @@ nnnr e
L37415-Toxoplasma.gondii AGATACCGTCGTAGTCTTAACCATAAACTATGCCGACT:AGAGATA:GG: t v vvoonn s
L24381 -Toxoplasma.gondii AGATACCGTCGTAGTCTTAACC: TAAACTATGCCGACT; AGAGATA:GG: oo oo
310 11320 11330 11340 11350 11360 11370 1

AGATACCGTCGTAGTCTTAACCATAAACTATGCCGACT:AGAGATT:GGGTGAAATTYAGATGTACAAA

. . . . DECRCENY o) . .o DY ¢ o0 RO o 0 0 0 0 0 ) . .

8.¢
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Appendix C (cont.)

U07697-Perkinsus.atlanticus
UO07701-Perkinsus.olseni

AJ243513-Plasmodium.berghei: TTTATAAATAAAACTAT :CTTCTTT : AAAGGAGT :A:GTTTTTTAGAT : :GCTTCC : TTCAGTACCTT

U93095-Plasmodium.vivax GTTTTAAAATAAGAGTTTTCT :CTTC : : : :GGAGTTAACCTCTT : AGATTTGCTTCC : TTCAGTGCCTT
L31843-Pseudomonocystis.ie... | :::: oo AAATTGTCACTTATT @ :GACATTTTCAGCACCTT
U97524-Sarcocystis.sp. AAAA:CGTCATC : : :CTTGACTTCTCCTGCACCTT
L24383-Sarcocystis.tenella Drorrrrrrrrrrrrrrrrrrrrrorr oo tAAAAT CGTCATTTTGCT :GACTTCTCCTGCACCTT
U97056-Theileria.cervi Dorrrirrirriiirrriiiirirrirriiir AGGITCGTCAGTTTTTACGACTCCTTCAGCACCTT
L02366-Theileria.parva Soorirriioiioiiiiiiiroirioiriiiriiirt AGGTCGTCAGTTTTTACGACTCCTTCAGCACCTT
L37415-Toxoplasma.gondii Soorrrrirrrriooiriirrrirorrrrrrrrr AAAACGTCATGCTT @ @ :GACTTCTCCTGCACCTT
L24381 -Toxoplasma.gondii oorrrrrrrrrrrrrrrrrrrrrrrrrr o AAAACCGT CATGCTT  : :GACTTCTCCTGCACCTT
1380 11390 11400 11410 11420 11430 11440

GWTTGAARAWAMAWTKTTTCTACWTC: A:: GGAGAAGGTCGTCATTTTT: : : GACTCCTTCAGCACCTT



Appendix C (cont.)

1107697-Perkinsus.atlanticus

U07701 -Perkinsus.olseni

AJ243513-Plasmodium.bergheiATGAGAAATCAAA :GTCTTTGGG : TTCTGGGGCGAGTATTCGCGCAAGCG : AGAAAGTTAAAA :GAATT

U93095-Plasmodium.vivax AGGGGAAATCAAAA :CCTTTGGG : TTCTGGGGAAAGTATTCGCGCAAGCG : AGAAAGTTAAAAAGAATT

L31843-Pseudomonocystis.le... ATGAGAAATCAAA : GTCTTTGGGTTCTGGGGG :
U97524-Sarcocystis.sp. ATGAGAAATCAAA:GTCTTTGGGTTCTGGGGG:
L24383-Sarcocystis.tenella ATGAGAAATCAAA:GTCTTTGGGTTCTGGGGG:

GAGTATGGCCGCAAG :
GAGTATGGTCGCAAG:
GAGTATGGTCGCAAG:

U97056-Theileria.cervi GAGAGAAATCAAAs GTCTTTGGGTTCTGGGGG: GAGTATGGTCGCAAG:
L02366-Theileria.parva GAGAGAAATCAAA: GTCTTTGGGTTCTGGGGG: GAGTATGGTCGCAAG:
L37415-Toxoplasma.gondii ATGAGAAATCAAA:GTCTTTGGGTTCTGGGGG: GAGTATGGTCGCAAG:
L24381 -Toxoplasma.gondii ATGAGAAATCAAA:GTCTTTGGGTTCTGGGGG: GAGTATGGTCGCAAG:
11450 11460 i1470 11480 11490

ATGAGAAATCAAA:GTCTTTGGGTTCTGGGGG: GAGTATGGTCGCAAG: GCTGAAACTTA: AAGGAATTe.

TCTGAAACTTA : AAGGAATT
GCTGAAACTTA: AAGGAATA
GCTGAAACTTA sAAGGAATT
GCTGAAACTTA: AAGGAATT
GCTGAAACTTA:AAGGAATT
GCTGAAACTTA:AAGGAATT
GCTGAAACTTA:AAGGAATT

11500 11510

o0 . 00000000 00 eeoeo0ee t+ 4+ + + o0+t + 4+ 4+ 00000t + +o00000t + + + o0+ o+ F 0+ 0+ 4 400

08¢



Appendix C (cont.)

U07697-Perkinsus.atlanticus

U07701 -Perkinsus.olseni
AJ243513-Plasmodium.bergheiGACGGAAGGGCACCACCAGGCGT
U93095-Plasmodium.vivax GACGGAAGGGCACCACCAGACGT
L31843-Pseudomonocystis.le. GACGGAAGGGCACCACCAGGAGT

U97524-Sarcocystis.sp. GACGGAAGGGCACCACCAGGCGT
L24383-Sarcocystis.tenella GACGGAAGGGCACCACCAGGCGT
U97056-Theiieria.cervi GACGGAAGGGCACCACCAGGCGT:
L02366-Theileria.parva GACGGAAGGGCACCACCAGGCGT:
L37415-Toxoplasma.gondii GACGGAAGGGCACCACCAGGCGT:
L24381 -Toxoplasma.gondii GACGGAAGGGCACCACCAGGCGT:

:GGAGCTTGCGGCTTAATTTGACTCAAS
:GGAGCTTGCGGCTTAATTTGACTCAG:
:G:AG:CTGCGGCTTAATTTGACTCAA:

GGAGCCTGCGGCTTAATTTGACTCAA:
GGAGCCTGCGGCTTAATTTGACTCAA:
GGAGCCTGCGGCTTAATTTGACTCAA:
GGAGCCTGCGGCTTAATTTGACTCAA:
GGAGCCTGCGGCTTAATTTGACTCAAS
GGAGCCTGCGGCTTAATTTGACTCAA:

11520 11530 11540 11550 11560
GACGGAAGGGCACCACCAGGAGT:GGAGCCTGCGGCTTAATTTGACTCAA: :CACGGG: AAAACTCACC

CACGGGG:

AAACTCACT

CACGGG: AAAGCTCACT

CACGGG: AAAACTCACC

CACGGGG

CACGGGG

11570

++e+t++tet+t++t++tettteteettotocccecetttettttttttttocccccctes -

:AAACTCACC
CACGGGG:
CACGGGG:
CACGGGG:

AAACTCACC
AAACTCACC
AAACTCACC

:AAACTCACC
CACGGGG:

AAACTCACC

11580



U07697-Perkinsus.atlanticus
1)07701-Perkinsus.olseni
AJ243513-Plasmodium.bergheiAGTTTAAGA: CAA
U93095-Plasmodium .vivax ‘GTTTAAGA:CAA
L31843-Pseudomonocystis.le AGGTCCAGA: CAT

U97524-Sarcocystis.sp. AGGTCCAGA: CAT GG
L24383-Sarcocystis.tenella AGGTCCAGA:CAT GG:
U97056-Theileria.cervi GGGCAGGA: CAA AG:
L02366-Theileria.parva AGGTCCAGA:CAA AG:
L37415-Toxoplasma.gondii AGGTCCAGA:CAT AG:
L24381 -Toxoplasma.gondii AGGTCCAGA:CAT AG
11590 11600

AGGTCCAGA:CAT:

Appendix C (cont.)

GAGTA:GGATTGACAGATTAA: T:AG: : CTCTTTCTTGATTTCTTGGATGGTG
GAGTA: GGATTGAAAGATTGAGAGAGAGCTCTTTCTTGATTTCTTGGATGGTGA

:AGGAAGGATTGACAGATTGA:
:GAAGGATTGACAGATTGA:
GAAGGATTGACAGATTGA:
GAAGGATTGACAGATTGC

GAAGGATTGACAGATTGA:
GAAGGATTGACAGATTGA:
:GAAGGATTGACAGATTGA:

11610 11620

G:

T

-4 =4 4 o -

AG

:AG
tAG
:CG
T AG
:AG
:AG

CTCTTTCTTAATTCTATGGGTGGTGG
CTCTTTCTTGATTCTATGGGTGGTGG
CTCTTTCTTG\TTCTATGGGTGGTGG
CCCTTTCTTGATTCTTTGGGTGGTGG
CTCTTTCTTGATTCTTTGGGTGGTGG
CTCTTTCTTGATTCTATGGGTGGTGG
CTCTTTCTTGATTCTATGGGTGGTGG

11630 11640 11650

:AG:GAAGGATTGACAGATTGA: T:AG:: CTCTTTCTTGATTCTATGGGTGGTGG-

-+ + - ee e eccececee

¢8¢



Appendix C (cont.)

U07697-Perkinsus.atlanticus

U07701 -Perkinsus.olseni
AJ243513-Plasmodium.bergheiTGCATGGCCGTTTTTAGTTCGTGAATATGATTTGTCTGGTTAATTCCGATAACGAACGAGATCTTAACC
U93095-Plasmodium.vivax CGCATGGCCGTTTTCAGTTCGTGAAT : : :ATTTGTCGGGTTAATCCCGATGATGAACGGGACCTTAACC
L31843-Pseudomonocystis.le... TGCATGGCCGTTCTTAGTTGGTGGA: GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC

U97524-Sarcocystis.sp. TGCATGGCCGTTCTTAGTTGGTGGA:GTGATT:GTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
L24383-Sarcocystis.tenella TGCATGGCCGTTCTTAGTTGGTGGASGTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
U97056-Theileria.cervi TGCATGGCCGTTCTTAGTTGGTGGA:GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
L02366-Theileria.parva TGCATGGCCGTTCTTAGTTGGTGGA: GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
L37415-Toxoplasma.gondii TGCATGGCCGTTCTTAGTTGGTGGA: GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
L24381 -Toxoplasma.gondii TGCATGGCCGTTCTTAGTTGGTGGA: GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC
11660 11670 11680 11690 11700 11710 11720

TGCATGGCCGTTCTTAGTTGGTGGA: GTGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTTAACC:

° eet++++e e o oo e oeocoe [ XX X o4 + (X e o o eo+4+dee [ XX N XN °
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U07697-Perkinsus.atlanticus
U07701 -Perkinsus.olseni

Appendix C (cont.)

AJ243513-Plasmodium.bergheiTGCTAATTAGC : : : : :GGTGGATATG: TGATATTCTTCGAAGGTGGACTAACTATAGCGTTTT : CGAAG

U93095-Plasmodium.vivax
L31843-Pseudomonocystis.le.
U97524-Sarcocystis.sp.
L24383-Sarcocystis.tenella
U97056-Theileria.cervi
L02366-Theileria.parva
L37415-Toxoplasma.gondii
L24381 -Toxoplasma.gondii

TGCTAAGTAGCGGCAAATACGATACATTCTTAGGTAAGATTGAACCTGGTTGATTT: G: CTCATTTCGA
TGCTAAATAG: : : ACAC: CAAGGTCATAACCTTGGCTGT: : : : : GCTTCTTAGAGGGACTTTGCGTATC
TGCTAAATAG:GGTCGGGAACACTATTTTTGTGTTCTT: GTATCACTTCTTAGAGGGACTTTGCGTGT
TGCTAAATAG: GATCAG: AAACACTTTATT:GTGTTTTTGTATCACTTCTTAGAGGGACTTTGCGTGT
TGCTAAATAGCTCACGGGAATAGGTTAAGACC:GTCCCCTGGATGCTTCTTAGAGGGACTTTGCGGTTA
TGCTAAATAGGGTACGGGAATAAGCTCTCGC: TGTCCCGTCATCGCTTCTTAGAGGGACTTTGCGGTTA
TGCTAAATAGIGATCAGGA:;;A:C : T:TCGTGTTCTTGTATCACTTCTTAGAGGGACTTTGCGTGTC
TGCTAAATAG: GATCAGGAAC: : : : TTCG: : : TGTTCTTGTATCACTTCTTAGAGGGACTTTGCGTGN:

11730 11740 11750 11760 11770 11780 11790
TGCTAAATAG:GTTCAAGAAMATATTTTTTTTT: TTTTTATATTACTTCTTAGAGGGACTTTGCGTGTC

e o0 4
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Appendix C (cont.)

U07697-Perkinsus.atlanticus

U07701 -Perkinsus.olseni

AJ243513-Plasmodium.bergheiGTATGTT : GCATAAT : CAAATTGGTTTACCCTTTGTTTTTTTGTAGCATATTCTTTTATTTCGTTGGGT
U93095-Plasmodium.vivax AGTGC :ACGCATGAGGATCGGGATTATGTGACGCGTCAGTTTTTTTCTGCCGATTTACTGATGCAGCAC

L31843-Pseudomonocystis.de... TAA: :CGCACGG: : : @iy r sy
U97524-Sarcocystis.sp. CTAA:CGCAAGG: v r o r ooy nnrnnn o orr oy rnnnnnnn
L24383-Sarcocystis.tenella CTAA:CGCAAGG: » vy rr oy nr ooy rnnnno oo r
U97056-Theileria.cervi TAAATCGCAAGG: t:t: ooy iy iy ooy r o r oy r oo
L02366-Theileria.parva TAAATCGCAAGG: oo rr oo n oy rnnn ooy nnn oo r oy nn o
L37415-Toxoplasma.gondii TAA: CGCAAGG: @y r iy rnnnr oy nnnr
L24381-Toxoplasma.gondii TAA: CGCAAGG: vy r oy r oo

11800 11810 i1820 i1830 11840 11850 IT86

TAA::CGCAAGGGACAATTGTCCTWTTTTAATTGGTAGGTTWTYTAMTTTCGATTWGATCTCKTTKAAC



Appendix C (cont.)

U07697-Perkinsus.atlanticus
U07701 -Perkinsus.olseni
AJ243513'P|aSmOdium.bergheiTTTTTCCCTA: ...................................................... :GTA

U93095-Plasmodium.vivax ATATTTCTCGTTCTTTCATTCGTGCACTTCGAAATAAGCAAATCAACCAGGTTCAATTTTACCTAAGAA
L31843-Pseud0mOnOCyStiS.Ie .....................................................................

U97524-SaI'COCyStIS.Sp. .....................................................................

L24383'Sarcocystlstene”a .....................................................................

U97056-Thei|eria.C6rVi .....................................................................

L02366-Thellerlapal’va ....................................................................

L37415-TOX0p|35magondll Sttt Sttt SSI ..............................

L24381 'TOXOplaSma.gOnd” .....................................................................

0 11870 i1880 11890 11900 11910 11920 V19
GTGKKAMAAAGAAAAAGGTTCGTGCACTTCGAAATAAGCAAATCAACCAGGTTCAATTTTACCTAAGWA



Appendix C (cont.)

9 U07697-Perkinsus.atlanticus

[) UO7701-Perkinsus.olseni

£) AJ243513-Plasmodium.bergheiAGGATGTATCT :GCTTTATTT : AATGCTTCTTAGAGGAACGATGTGTGTCTAACACAAGGAAGTTTAAG
£) U93095-Plasmodium.vivax TGTGTTTCATTTGCTTGATTGTAAAGCTTCTTAGAGGAACAGTGTGTGTGTAACACAAGGAAGATTAAG

2 L31843-Pseudomonocystis.de... ::: sy sy CAAGTTTAAG

? U97524-Sarcocystis.sp. AAGTTTG G

I) L24383-Sarcocystis.tenella Y VY CA R N CY Y €]

£) U97056-Theileria.cervi O W N C I I B €

D L02366-Theileria.parva 1SS.:SS:SS:SS:5SSSSS:SSSSS;SSSS::SS::5SS5:;:5:5S:5:55:555ssssis:s AAGTTTAAG

j) L37415-Toxoplasma.gondii S A T i:::s::AJGTTTG G
4n) L24381-Toxoplasma.gondii Ll niiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiis CAAGTTTGAG
30 11940 11950 11960 11970 11980 i1990 \2

WGKRTKTMWYTTGCTTKATTKTAAWGCTTCTTAGAGGAACRRTGTGTGTSTAACACAAGGAAGTTTGAG



1107697-Perkmsus.atlanticus
U07701 -Perkinsus.olseni

Appendix C (cont.)

AJ243513-Plasmodium.bergheiGCAACAA : : CAGGTC : TGTGATGTCCTTAGATATACTAGGCTGCACGCGTGCTACACTGATATGTAAAA

U93095-Plasmodium.vivax GCAACAAAACAGGTCCTGCGATGTCCTTAGATGAACTAGGAAGCCC : CGTGCTACACGGATATGTGCAA

L31843-Pseudomonocystis.le... GCAATAA

U97524-Sarcocystis.sp. GCAATAA

L24383-Sarcocystis.tenella GCAATAA

U97056-Theileria.cervi GCAATAA

L02366-Theileria.parva GCAATAA

L37415-Toxoplasma.gondii GCAATAA

L24381-Toxoplasma.gondii GCAATAA
000

GCAATAA: : CAGGTC: TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCATCCAA-

CAGGTC:

CAGGTC

CAGGTC:
CAGGTC:
CAGGTC:

CAGGTC
CAGGTC

12010

(XX} +

TGTGATGCCCTTAGATGTCCTGGGCTGCACGCGCGCTACACTGATGCACTCAG
TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCATCCAA
TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCATCCAA
TGTGATGCCCTTAGATGTCCTGGGCTGCACGCGCGCTACACTGATGCGTTCAT
TGTGATGCCCTTAGATGTCCTGGGCTGCACGCGCGCTACACTGATGCGTTCAT
:TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCATCCAA
TGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGATGCATCCAA

12020 12030 12040 12050 12060 I

(X (XX o o 4+ oeceecee{ joeeeeeotoecee + (X (XX NN NN N °

88¢



U07697-Perkinsus.atlanticus

U07701 -Perkinsus.olseni

Appendix C (cont.)

AJ243513-Plasmodium.bergheiCGAGTATTTAAAATTATATCTGTATGGTAGATAATTTAATTTCTACGTATTATCAGC : ATATACTTTTC

U93095-Plasmodium.vivax

CGAGTTGTTAGAAGTGTGCATGTGTTATTTGTGCTTATGGAGCCGTTTAGCATCATCGCATG:CTTTTC

L31843-Pseudomonocystis.le... CGAGTATTCCATGACCTG : : i @ : ool ro o rsr oo

U97524-Sarcocystis.sp.
L24383-Sarcocystis.tenella
U97056-Theileria.cervi
L02366-Theileria.parva
L37415-Toxoplasma.gondii
L24381 -Toxoplasma.gondii

CGAGTTTAT : :AACCTTGGCCG @ @ @ oo v i n o i nnnorn oo no o no oo

CAAGTTGTTGAAACCTTGGCCG ...............................................

CGAGTTT : AT : CCTTGGCCG ...............................................

CGAGTTT : AT : CCTTGGCCG .................................. gttt

CGAG :T:TTATAACCTTGGCCG : : vy rnon ooy rnonnr oy rnnnoorrrs

21170 i2080 12090 i2100 12110 12120 12130

CGAGTTTATAT sTCCTTGGCCGYAGGTGCGGGGGYTWTGTCTMATAATWAARKMWASTAAGTGSTKTWEC

...+............................... 00 00000O0OCEOS 0000000000 O0C0OCFOGFOSINOIDS ° [ ]

68¢



Appendix C (cont.)

U07697-Perkinsus.atlanticus

U07701-Perkinsus.olseni
AJ243513-Plasmodium.bergheiCTACACTGAAATAGTGAAGGTAATCTTTATCAATACATAT: CGTGATGGGGATAGATTATTGCAATTAT

U93095-Plasmodium.vivax CTCCACTGAAA: AGTGTAGGTAATATTTATCAGTACGTAT : CGTGATGAGGAT : : : ATATTGCAATTAT

L31843-Pseudomonocystis.le... :::::::: :TTAAGGTTGGGTAATCTTGTGAA: TGTGCAT : CGTGATTGGGCTAGATGATGTAATTATT
U97524-Sarcocystis.sp. i AGAGGTCT : AGGTAATCTTTTGAG : TATGCAT : CGTGATGGGGATAGATTATTGCAATTAT
L24383-Sarcocystis.tenella trriir ATAGGTTT : AGGTAATCTTTTGAG : TATGCAT : CGTGATGGG : ATAGATTATTGCAATTAT
U97056-Theileria.cervi ciiiiitt AGAGGT :GGGTAATC :TTT :AG : TACGCAT : CGTGATGGGGATCGAATATTGCAATTAT
L02366-Theileria.parva i1 AGAGGCCC :GGGTAATC :TTT :AG : TACGCAT : CGTGATGGGGATCGATTATTGCAATTGT
L37415-Toxoplasma.gondii crriiir ATAGGTCT : AGGTAATCTTGTGAG : TATGCAT : CGTGATGGGGATAGATTATTGCAATTAT
L24381-Toxoplasma.gondii criiii CATAGGTCT : AGGTAATCTTGTGAG: TATGCAT : CGTGATGGGGATAGATTATTGCAATTAT
12140 12150 12160 12170 12180 12190 12200

CKASAYTGAAAGGWCT: GGGTAATCTTTTGAG: TATGCAT: CGTGATGGGGATAGATTATTGCAATTAT



Appendix C (cont.)

U07697-Perkinsus.atlanticus

U07701 -Perkinsus.olseni

AJ243513-Plasmodium.bergheiTAATCT : TGAACGAGG : AATGCCTAGTAAGCATGATTCATCAGATTGTGC : TGACTACGTCCCTGCCCT
U93095-Plasmodium.vivax CAATCT : CGACCGAGG : AACGTCTAGTAAGCGGGATTCACCAGATTGCGC : TGACTACGTCCCTGCGCT
L31843-Pseudomonocystis.le...CATCT: TT: AACGAGG: AATTCCTAGTAAGTACAAGTCATTAGTT:GTGC: TGATTACGTCCCTGCCCT

U97524-Sarcocystis.sp. TAATCT: TCAACGAGG: AATGCCTAGTAGGCGCAAGTCATCAGCTTGCGC: CGATTACGTCCCTGCCCT
L24383-Sarcocystis.tenella TAATCT: TCAAC: AGG: AATGCCTAGTAGGCGCAAGTCAGCAGCTTGCGCGCGATTACGTCCCTGCCCT
U97056-Theileria.cervi TAATCG:TGAACGAGG:AATGCCTAGTATGCGCAAGTCACCAGCTTGTGC. AGATTACGTCCCTGCCCT
L02366-Theileria.parva TAATCG:TGAACGAGG:AATGCCTAGTATGCGCAAGTCATCAGCTTGTGC: AGATTACGTCCCTGCCCT
L37415-Toxoplasma.gondii TAATCT: TCAACGAGG:AATGCCTAGTA:GCGCAAGTCAGCACGTTGCGC CGATTACGTCCCTGCCCT
L24381 -Toxoplasma.gondii TAATCTTC: AACGAGG:AATGCCTAGTAGGCGCAAGTCAGCAGCTTGCGC CGATTACGTCCCTGCCCT
12210 12220 12230 12240 12250 12260 12270

TAATCT: TGAACGAGG: AATTCCTAGTAAGCGCAAGTCATCAGCTTGCGC: TGATTACGTCCCTGCCCT

......... - LR . LA L4 ® o o o o oo oo .o cececececec. ) ce- - + e + e 4 e



Appendix C (cont.)

U07697-Perkinsus.atlanticus

UO07701-Perkinsus.olseni

EERE RN

U93095-Plasmodium.vivax

AJ24351i

L31843-Pseudomonocystis.le...

U97524-Sarcocystis.sp.

L24383-Sarcocystis.tenella
L02366-Theileria.parva

L37415-Toxoplasma.gondii
L24381 -Toxoplasma.gondii

U97056-Theileria.cervi

12?10

ot +++eo

292



Appendix C (cont.)

[ | pop " T
U07697-Perkinsus.atlanticus CTTA It 11 NN

[ |t y o b
U07701-Perkinsus.olseni ctTa hbEbtbr bbbt
AJ243513-Plasmodium.bergheiTTTTATTTTTATTTTTTTTGG : AAGGACCG : ::: : TAAATCCTATCTTTTAA ’\‘v I \‘ ‘ h E a‘h AL LM«

U93095-Plasmodium.vivax GATTATATATCTTTTTTTTTCTCTG:AAAGAATCGAAAATCTTATCTTTTAA n E :‘ L a
L31843-Pseudomonocystis.le... GCAGGTGGAAACATCTA: CGTCTTGGGAAGTTCTGTGAACCAAATCATCT ¢ +hbit bl bbbl
U97524-Sarcocystis.sp. CGAGTTTTCT: : CGTGTCCGGAATGGGAAGTTTTGTGAACCTTAACACTT: A | bbbt bbbh il]
L24383-Sarcocystis.tenella GCGCGGCAACGCGTGTGC: GGAATGGAAAGTTTTGTGAACCTTAACACTT:A | bt dtri bbb ill

| [ |
U97056-Theileria.cervi GT.TC CCGTCAGGGAACGTCTAGGGAAGTTTTGTGAACCTTATCA:CTTA | A 1l A ! G

P
| Py | ] p o y
L02366-Theileria.parva GT;TC: CCGACAGGGAACGTCTAGGGAAGTTTTGTGAACCTTATCA: CTTA 't ibibi bbbl il]
L37415-Toxoplasma.gondii G GC GC GT TCGTGCCCGAAATGGGAAGTTTTGTGAACCTTAACA:CTTA | b ibtbitbhi il]
[ [ [ 1}
124381 -Toxoplasma.gondii G GC GC GT:TCGTGCCCGAAATGNGAAGTTTTGTGAACCTTAACA:CTTA (4t btbbiiit!
12350 12360 12370 12380 i2390 12400 12410

G::T::::AG:CAGTACATGT:AAGGAAAGTTTCGTAAACCTTATCATTT:A GAGGAAGGAGAA:GTC



Appendix C (cont.)

1107697-Perkinsus.atlanticus G:T:: :AACAAGGTTTCCGTAGGTGAACCTGCG: : GAAGGATCATTC
U07701 -Perkinsus.olseni G:T:::AACAAGGTTTCCGTAGGTGAACCTGCG: : GAAGGATCATTC
AJ243513-Plasmodium.bergheiG: T: : : AACAAGGTTTCCGTAGGTGAACCTGC : G: GAAGGATCA
RN R NN R R R N R

] ] | [ ]
U93095-Plasmodium.vivax RN

L31843-Pseudomonocystis.le. GT: :AACATGGTTTCCGTAGGTGAACCTGCG
U97524-Sarcocystis.sp. G:T :AACAAGGTTTCCGTAGGTGAACCTGCG: : GAAGGATCC
L24383-Sarcocystis.tenella G:T :AACAAGG
U97056-Theileria.cervi G:T AACAAGGTTTCCGTAGGTGAACCTGC: : AGAAGGATC
L02366-Theileria.parva G.T AACAAGGTTTCCGTAGGTGAACCTGC: : AGAAGGATC
L37415-Toxoplasma.gondii G:T AACAAGGT
L24381 -Toxoplasma.gondii

12420 i2430 12440 12450 12460

G:T::: AACAAGGTTTCCGTAGGTGAACCTGC: : AGAAGGATCAWTC-

.................
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APPENDIX D

SMITH ET AL., 1999 SEQUENCE
AT PRIMER SITE

Smith et al., 1999:

Xenopus seq.  5°- CCG TAG GTG AAC CTG CGG AAG -3’
Hepatozoon seq.  CGG TAG GTG AAC CTG CGG AAG
ITS-7 forward CGG TAG GTG AAC CTG CGG AAG

Xenopus seq. 5’- GCA TCG ATG AAG GAC GCA GC -3’
Hepatozoon seq.  GCA TCG ATG AAG GAC GCA GC
ITS-8 reverse GCA TCG ATG AAG GAC GCA GC

Sequence obtained from NCBI Gen Bank.

Xenopus accession number X02995
Hepatozoon accession number AF110241

295



APPENDIX E

ALIGNMENT OF TURTLE SEQUENCES
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Appendix E

annamemys
callagur.born
heosemys.spinosa
kinostern.odoratum
kinosternon.scor
pseudemys.texana
siebenrockiella.cr...
trachemys.scripta

-
PREPTEEE S



Appendix E (cont.)

annamemys GATATGGCATTATCCGTATAACAATAACACTAGCCTCCCCATTAAAAATG: : :CTCTCTTACCCATTCATAATATT
callagur.born GATATGGAATTATCCGAATATCTATAACTACAGCCCCCCCATTAAAA : : :ATACCATCCTACCCATTCATAATGCT
heosemys.spinosa GATACGGCATTATCCGCATAATAATAACATTAGCCCCACCACTAAAA :: :GCACTCTCCTACCCATTCATAATACT
kinostern.odoratum GATATGGTATTATACGCACCACTATAAT; GCTTACCCCTTACCAAAA : : : AAACTACATTATCCATTTAC IiATCCT
kinosternon.scor GATACGGTGTTATACGCACTACCACAGCAAGTCAACCACTGCCGAAA: : :AAACTACACTATCCATTCACAATCCT
pseudemys.texana G "T&TGGAATCATCCGAATTATACCAACACTAAATCCTCTATCAAAA: : :ACACTTTCCTACCCATTCATAGTACT
siebenrockiella.cr... GATATGGCATTATACGCATTTCAATAACATTAGCCCCTACAGTAAACTTCATGACTTCCTATCCATTCATGCTACT
trachemys.scripta GATATGGAATCATTCGAATTATACCAACACTAAACCCCCTATCAAAA :: :ACACTCTCCTACCCATTTATAGTACT

iso ito iT6O iiio m o uto nnro ns

GATATGGMATT; TCCGCATTACAATAACACTAGMCCCCCYATYAAAA: | :ACACTMTCCTACCCATTCATAATACT-

86¢



Appendix E (cont.)

annamemys

[ G

callagur.born
heosemys.spinosa
kinostern.odoratum
kinosternon.scor
pseudemys.texana
siebenrockiella.cr... |
trachemys.scripta



Appendix E (cont.)

annamemys

callagur.bom

< . T T

kinostern.odoratum
pseudemys.texana
siebenrockiella.cr...
trachemys.scripta

heosemys.spinosa
kinosternon.scor



Appendix E (cont.)

P

| |
I

ETRTETEE e

PEETT

A

|

annamemys

callagur. borri

heosemys.spinosa

kinostem.odoratimi '

kinosternon.scor

pseudemys.texana

. . 1 i
siebenrockiella.cr... ||

trachemys.scripta



Appendix E (cont.)

annamemys
callagur.born
heosemys.spinosa
kinostern.odoratum
kinosternon.scor
pseudemys.texana
siebenrockiella.cr...
trachemys.scripta

302



Appendix E (cont.)

annamemys
callagur.born
heosemys.spinosa
kinostern.odoratum
kinosternon.scor
pseudemys.texana
siebenrockiella.cr...
trachemys.scripta

5T

1"520



annamemys
callagur.bom
heosemys.spinosa
kinostern.odoratum
kinosternon.scor

pseudemys.texana

Siebenrockiella.cr...

trachemys.scripta

Appendix E (cont.)

TCACAATCCTAATA CAGGACTGGGAACCTT CT CCGCCACCTITACCCTATACATACTGATTACTACACAATG
CTACAATCCTAATAAC GGGCTTGG CCCTAATAACGGCC. TCTATACCCTATACATACTAGTCACAACACAATG
CAACAATTTTAATAACAGGACTAGGAACATTAATAACCGCCGCCTATACCTTATACATATTAACCACAACACAATG
TTACAATTCTAATA C GGGCTi GGAGCCCTAATAATGGCTATTTAC CCTTATATATATTCTCCTCAAC CAATG
TTACAATCCTAATAACAGGACTAGGAACCCTAATTACGGCTATTTACACCCTATACATATGATTCTCAACACAATG
TTACAATCCTAGCAGCAGGATCGGGGACCATTATCACTGCTACATATACCCTATATATGTTATCCACAACACAGTG
OTACA; TCCT T CAGGACTAGC CCCTAATAAC GCCATTTACACCTTATATATATTAATCACAACACAGTG
TTACAATTCTAATA/ CAGGTTCAGGAACCATCATTACCGCTACATATACCCTATATATATTATCCACAACACAATG

o i5TO 550 1560 1570 1580 1590 16110
TTACAATCCTAATAACAGGACTAGGAACCCTAATAACSGCYAYYTATACCCTATAYATATTATYCACAAXACAATG



annamemys
callagur.born
heosemys.spinosa
kinostem.odoratum
kinosternon.scor

pseudemys.texana

siebenrockiella.cr..

trachemys.scripta

Appendix E (cont.)

AGGAGAAACCCCCTCACACACAAAAACAATCCCCCCAACCCATACACGAG\ACACCTGCTCATAATACTTCACATA
AGGCGAAACCCCCTCATACACAAAGACAATCCCCCCAACCTATACACGAGAACATCTACTAATAATACTCCACATC
AGGAGAAACCCCATCACACATAAAAACTATCCCCCCTACTCACACTCGAGAACATCTACTCATAATACTCCATATT
AAATGAACTTCCACCCTATATCAAAATCACTTCACCTACCCATATCCGAGAACATCTAATTATAACCCTTCACATT
AAATGAACTACCAaTCCTACATTAAAATCATCTCACCAACCCACACACGAGAACACCTAATTATAGCTCTACATATT
AGGAGGGATACCCTCATATATCAAAATAATACCACCCACCCATACACGGGAACACCTTCTCATAATCCTACATATC

GGAGAAACTCC .TCATACACAAAAAC \ATTCCCCCAACCC CGT. CGAGAACACTTACTCATAACACTTCATATC
AGGAGGGACACCCTCATATATCAAAACAATACCACCAACCCATACACGAGAACACCTTCTCATAATCCTCCATATC

1610 i620 1630 1640 T650 T660 i670 1680
Im. GGAGAAACMCCMTCATACATAAAAACAATCCCMCCAACCCATACACGAGAACACCTACTCATAATACTYCATATC

G0e



annamemys
callagur.born
heosemys.spinosa
kinostern.odoratum
kinosternon.scor

pseudemys.texana

siebenrockiella.cr...

trachemys.scripta

Appendix E (cont.)

CTGCCAATAGCATTGCTAATAGTAGAACCAGAACTAATCCAAGGCGCC: : : TAAATGCCCTG: CATC: : : :GTTAA
CTTCCAATAATACTACTAATGATGAAACCAGAACTAATTC GGTACA: : : TAACCCCCCCCCCCACAA: :GTTAA
CTACCAATATTATTACTAATAATAAAACCAGAATTAATCCAAAGC.- .CT: : sTAATAAAGTGTTTACCT : : :GTTAA

CTACCAATAATATTATTAATAACAGGTATTACATTAAATTTAAG: :::::: ... ACCAAACGTTCA
CTACCAATAATACTATTAACACTAGGCCTTACATTAAACTCAAGATGCG: ::::::::: :CCTAAAC:GACGTTCA
CTCCCCATAATATTATTAATAATAAAACCAGAACTAATCTTAGGTACTTTTCACT: :::::::::::::: :GTTAA

TCCTAATAGTGACATTAATAATAAAACCAGAATTAATTCAGGGC.  TT: : : TAAACACCCCT: :ACCCC::GTTAA
CTCCCCATAACACTACTAGTAATAAAACCAGAACTAATCTGAGGAACTTTTTGCT: o1 GTTAA

1690 TTo0 TTIO 1720 ITTo 1740 TTso |
CTMCCAATAATATTAYTAATAATAAAACCAGAAYTAATCYAAGGCACT: : :TAATC/- CCCC TC CC GTTAA



Appendix E (cont.)

annamemys TATAGTTTCAAAACAAACATTAGACTGTGGCTCTAAAAATAGGAGTTTAAATCTCCTTATAAACCGAGAGAGGTAT
callagur.born TATAGTTTAAAGA :AAACATTAGACTGTGGCTCTAAAAACAGGAGTTCAACCCTCCTTATAAACCGAGAGAGGTGA
heosemys.spinosa TATAGTTTCAAAACAAACATTAGACTGTGGATCTAAAAATAGGAGTTAAAATCTCCTTATAAACCGAGAGAGGTAT
kinostern.odoratum TATAGTTTAAAAA :AAACATTAGACTGTGGCTCTAAAAATAGAAGTTAAAAACTTCTTATAAACCGAGAGAGGTAC
kinosternon.scor TATAGTTTAAAAACAAACATTAGACTGTGGCTCTAAAAATAGAATTTAAAAACTTCTTATAAACCGAG G GGTAT
pseudemys.texana TAT\GTTTTAAAACAAACATTAGACTGTGGCTCTAAAAATAGGAGTTCAAACCTCCTTATAAACCGAGAGAGGTGA
siebenrockiella.cr... TAT -GTTTAAAAAAAAACATTAGACTGTGGCTTTAAAAATAGAAGTTAAAATCTCCTTATAACCCGAGAaGAGGTAA
trachemys.scripta TATAGTTTTAAAACAAACATTAGACTGTGGCTCTAAAAATAGGAGTTCAAACCTCCTTATAAACCGAGAGAGGTGT

760 TTTO TTii6 IT90 imiio TiiTO TsTO 830
TATAGTTTAAAAACAAACATTAGACTGTGGCTCTAAAAATAGGAGTTAAAAYCTCCTTATAAACCGAGAGAGGTAT



Appendix E (cont.)

annamemys CATACAATAAGAACTGCTAACTCCTATATCTGAGATTAACTAC: TCAGCTCCCTCACTTTTAAAGGAT: GAAT: ::
callagur.borri CACACGATAAGAACTGCTAATTCCTATATCTGAGGCTAACTACCCCAGCTCCCTCACTTTTAAAGGATAGAAGTGA
heosemys.spinosa GACACAATAAGAACTGCTAATTCCTATATCTGAGACTAA:CCACTCAGCTCCCTCACTTTTAAAGGATAGAAGTAA
kinostern.odoratum TATACAATAAAAACTGCTAATTCTTATATCTGAGGTTGAATCCAACAGCTCTCTCACTTTTAAAGGATAGAAGTCA
kinosternon.scor GACACAATAAAAACTGCGAATTCTTATATCTGAGGTTAAACCCCACAGCTCCCTCACTTTTAAAGGGTAGAAGTCA
pseudemys.texana TTCACAATAAGAACTGCTAATTCCTATACCTGAGACTAAC:CCCTCAGCTCCCTCACTTTTAAAGGATAGAAGTAA
siebenrockiella.cr... AATACAATAAGAACTGCTAATTCCTATACCTAGGATTAACCATCCCAGCTCCCTC ACTTTTAAAGGATAGAAGTAA
trachemys.scripta TTCACAATAAGAACTGCTAATTCCTATACCTGAGAATAATTCCCTCAGCTCTCTCGCTTTTAAAGGATAGAAGTAA

1840 i850 1860 18To 1880 11790 1900 191
TACACAATAAGAACTGC TAATTCCTATATCTGAGATTAACTCCC TCAGCTCCCTCACTTTTAAAGGATAGAAGTAA



Appendix E (cont.)

annamemys LollLiiiiiiiiiiiiiiiiiiois GGTGCAAATCCAAGTAAAAGTAATG
callagur.born TCCACTGGTTTTAGAGGCC, TAAACCCTTGGTGCAAATCCAAGTAAAAGTAATG
heosemys.spinosa TCCACTGGTTTTAGGAGCCATAAACCCTTGGTGCAAATCCAAGTAAAAGTAATG
kinostern.odoratum TCCACTGGTTTTAGAAACCATAAACCCTTGGTGCAAATCC \AGTAAAAGTAATG
kinosternon.scor TCCACTGGTTTTAGGAACCATAAACCCTTGGTGCAAATCCAAGTAAAAGTAATG
pseudemys.texana TCCATTGGTTTTAGAAACCATCCACCCTTGGTGCAAATCCAAGTAAAAGTAATG
siebenrockiella.cr... TCCACTGGTCTTAGGAATCATTAACCCT : GGTGCAAATCCAAGTAAAAGTAATG
trachemys.scripta TCCATTGGTTTTAGAGACCATCCACCCTTGGTGCAAATCCAAGTAAAAGTAATG

o] 1920 1930 1940 1950 i960
TCCACTGGTTTTAGAAACCATAAACCCTTGGTGCAAATCCAAGTAAAAGTAATG



APPENDIX F
PHYLOGENETIC ANALYSES

Dataset A (Phyla-level analyses):
Maximum parsimony
Gaps as 5" base
Figure F-1. Most parsimonious tree 1
Figure F-2. Most parsimonious tree 2
Figure F-3. Bootstrap
Figure F-4. Jackknife
Gaps as missing data
Figure F-5. Strict consensus of 30 most parsimonious trees
Figure F-6. Majority rule of 30 most parsimonious trees
Figure F-7. Bootstrap
Figure F-8. Jackknife
Distance-Neighbor Joining
Figure F-9. Neighbor Joining tree-cladogram
Figure F-10. Neighbor Joining tree-phylogram
Figure F-11. Bootstrap
Figure F-12. Jackknife
Maximum Likelihood
Figure F-13. ML tree Model 1
Figure F-14. Bootstrap
Figure F-15. ML tree Model 2
Figure F-16. Bootstrap
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Dataset B (Phyla-level analyses):
Maximum parsimony
Gaps as 5™ base
Figure F-17. Strict consensus of 95 most parsimonious trees
Figure F-18. Majority rule of 95 most parsimonious trees
Figure F-19. Bootstrap
Figure F-20. Jackknife
Gaps as missing data
Figure F-21. Strict consensus of 79 most parsimonious trees
Figure F-22. Majority rule of 79 most parsimonious trees
Figure F-23. Bootstrap
Figure F-24. Jackknife
Distance-Neighbor Joining
Figure F-25. Neighbor Joining tree-cladogram
Figure F-26. Neighbor Joining tree-phylogram
Figure F-27. Bootstrap
Figure F- 28. Jackknife
Maximum Likelihood
Figure F-29. ML tree Model 1
Figure F-30. Bootstrap
Figure F-31. ML tree Model 2
Figure F-32. Bootstrap



312

Dataset C (Genera-level analyses):
Maximum parsimony
Gaps as 5™ base
Figure F-33. Strict consensus of 55 most parsimonious trees
Figure F-34. Majority rule of 55 most parsimonious trees
Figure F-35. Bootstrap
Figure F-36. Jackknife
Gaps as missing data
Figure F-37. Strict consensus of 81 most parsimonious trees
Figure F-38. Majority rule of 81 most parsimonious trees
Figure F-39. Bootstrap
Figure F-40. Jackknife
Distance-Neighbor Joining
Figure F-41. Neighbor Joining tree-cladogram
Figure F-42. Neighbor Joining tree-phylogram
Figure F-43. Bootstrap
Figure F-44. Jackknife
Maximum Likelihood
Figure F-45. ML tree Model 1
Figure F-46. Bootstrap
Figure F-47. ML tree Model 2
Figure F-48. Bootstrap



Dataset D (Turtle genera analyses):
Maximum parsimony
Gaps as 5" base
Figure F-49. Most parsimonious tree
Figure F-50. Bootstrap & Jackknife
Gaps as missing data
Figure F-51. Most parsimonious
Figure F-52. Bootstrap & Jackknife
Distance-Neighbor Joining
Figure F-53. Neighbor Joining tree-cladogram
Figure F-54. Neighbor Joining tree-phylogram
Figure F-55. Bootstrap & Jackknife

Maximum Likelihood
Figure F-56. ML tree Model 1
Figure F-57. Bootstrap
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For all references to accepted NCBI systematics, see Table 8. Cryptosporidium

species were abbreviated as Crypto. For all Haemogregarina sp. taxon labels, the MF

number refers to the voucher specimen number, and does not represent a GenBank
accession number. Haemogregarina sp. hosts are abbreviated as: HA=Hieremys
annandalii, HG=Heosemys grandis, SC=Siebenrockiella crassicollis, HT=Hardella
thurjii, CD=Cyclemys dentata, OB= Orlitia borneensis, PT=Pseudemys texana,

PN=Pseudemys nelsoni, SO=Sternotherus odoratus, KS=Kinosternon sonorianse,

TSE=Trachemys scripta elegans.
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U16369-Babesia odocoile1
U16370-Babesia divergens
U97056-Theilena cervi
1.02366-Theilena parva
L19080-Cytauxzoon fels

AF060976-Caryospora bigenetica
_E AF060975-Caryospora bigenetica
AF080611-Lankesterella mumma

AF080612-Isospora robm
AF111186-Cyclospora colob1
AF111187-Cyclospora papioms

AF080614-Eimeria falciformis
AY028972-Eimena weybridgensis

AH008381-Hammondia hammond1
__EE 1.24381-Toxoplasma gondu
L37415-Toxoplasma gondu

U17346-N
U97523-Isospora suis
AF298623-Hyaloklossia lieberkuehni
— U97524-Sarcocystis sp

— L24383-Sarcocystis tenella

[ AY078092-Colpodella pontica
L—— AY142075-Colpodelia sp

AF176836-Hepatozoon americanum
_‘E AF176835-Hepatozoon canis

AF176837-Hepatozoon catesbranae
—: AF457127-Monocystis agilis

AF129883-Ophriocystis elek

AF112573-Cryptosporidium sp
_|—£ AF112575-Crypto felis
AF112574-Crypto meleagndis

AF112570-Crypto parvum

: AF164102-Crypto parvum
AF112571-Crypto parvum

AF161859-Crypto parvum
—E AF161858-Crypto parvum
AF112569-Crypto parvum

L25642-Crypto parvum
AF115378-Crypto wrair
AF112572-Crypto parvum
AF115377-Crypto parvum
AF112576-Crypto.parvum
——— AJ243513-Plasmodum bergher
—— U93095-Plasmodmum vivax
AF457130-Lerdyana migrator
X65163-Entamoceba listolytica

pora caninum

Figure F-1 Dataset A: Tree 1 of only 2 most parsimonious trees. Entamoeba histolytica was set as
outgroup to the Apicomplexa. With optimality criteria set to maximum parsimony, a heuristic search was
performed for 1000 random replicates by random addition sequence with TBR branch swap method. Gaps
were treated as 5™ base and nucleotides weighted equally. The 2 most parsimonious trees had a TL=2749,
CI=0.536, RI=0.698, and RC=0.374. The two most parsimonious topologies differ only in the placement
of the Cryptosporidium parvum 1solates 1.25642 and AF112569 within the monophyletic
Cryptosporidudae. Leidvana migrator failed to demonstrate monophyly within the Eugregarimda order,
and the Isospora suis failed to demounstrate monophyly within the Eimerudae with the other Isospora
1solate. Lankesterella shows monophyly within the Eimeriidae and fails to exhibit placement as 1ts own
famuly within Eucoccidiorida. Cytauxzoon fails to show monophyly within the Theilenidae.
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L02366-Theilena parva
L19080-Cytauxzoon felis
AF060976-Caryospora bigenetica

AF060975-Caryospora bigenetica
AF080611-Lankesterella minima
AF080612-Isospora robim

L
__I——— AF111186-Cyclospora colob1
AF111187-Cyclospora papionis

AF080614-Eimena faleiformis
AY028972-Eimena weybridgensis
AH008381-Hammondia hammondi
124381-Toxoplasma gondn
L37415-Toxoplasma gondu
U17346-Neospora camnum

U97523-Isospora suis
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— U97524-Sarcocystis sp
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AF112573-Cryptosporidium sp
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AF112574-Crypto meleagridis
—— AF112570-Crypto parvum
___: AF164102-Crypto parvum
AF112571-Crypto parvum
_: AF161859-Crypto parvum
AF161858-Crypto parvum
___: L25642-Crypto parvum
AF112569-Crypto parvum
AF115378-Crypto wramn
AF112572-Crypto parvum
AF115377-Crypto parvum
AF112576-Crypto parvum
— AJ243513-Plasmodium berghe1
—— 193095-Plasmodium vivax

AF457130-Lerdyana migrator
X65163-Entamoeba istolytica

Figure F-2. Dataset A. Tree 2 of only 2 most parsimomious trees. Entamoeba histolytica was set as
outgroup to the Apicomplexa. With optimality criteria set to maximum parsimony, a heuristic search was
performed for 1000 random replicates by random addition sequence with TBR branch swap method. Gaps
were treated as 5™ base and nucleotides weighted equally. The 2 most parsimonious trees had a TL=2749,
CI=0.536, R1=0.698, and RC=0.374. The 2 most parsimonious trees had a TL=2749, CI=0.536, R1=0.698,
and RC=0.374. The two most parsimonious topologies differ only in the placement of the Cryptosporidium
parvum 1solates 125642 and AF112569 within the monophyletic Cryptosponidiidae. Leidyana migrator
failed to demonstrate monophyly within the Eugregarinida order, and the Isospora suis failed to
demonstrate monophyly within the Eimerndae with the other Isospora 1solate. Lankesterella shows
monophyly within the Eimeriidae and fails to exhibit placement as its own family within Eucoccidiorida.
Cytauxzoon fails to show monophyly within the Theileriidae.
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Figure F-3. Dataset A: Bootstrap consensus tree by maximum parsimony with bootstrap values <50%
support not shown. Entamoeba histolytica was set as outgroup to the Apicomplexa. With optimality
criteria set to maximum parsimony, a bootstrap heuristic search was performed for 2500 replicates by
random stepwise addition with TBR branch swap method. Gaps were treated as 5™ base and nucleotides
weighted equally. The class Gregarina fails to demonstrate monophyly, and the class Coccidia also fails to
exhibit monophyly. The families within the Coccidia (Eimeriidae, Sarcocystidae, and Cryptosporiididae)
show strong support as monophyletic units respectively. The placement of Lankesterella, Isospora suis,
and Leirdyana show the same systematic problems as seen in Figures F-1 and F-2.
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Figure F-4. Dataset A: Jackknife consensus tree by maximum parsimony with jackknife values <50%
support not shown. Enfamoeba histolytica was set as outgroup to the Apicomplexa. With optimahty
criteria set to maximum parsimony, a jackknife heuristic search was performed for 2500 replicates by
random stepwise addition with TBR branch swap method. Gaps were treated as 5™ base and nucleotides
weighted equally. The farmlies within the Coccidia (Eimeriidae, Sarcocystidae, and Cryptosporudidae)
show strong support as monophyletic unts respectively. The placement of Lankesterella, Isospora suis,
and Lerdyana show the same systematic problems as seen m Figures F-1, F-2 and F-3. The systematically
established monophyly of Cytauxzoon within the Theilerndae shows stronger support than on the Bootstrap

Consensus from Figure F-3.
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Figure F-5. Dataset A: Strict consensus of 30 most parsimonious trees with gaps treated as missing and
nucleotides weighted equally. Entamoeba histolytica was set as outgroup to the Apicomplexa. With
optimality criteria set to maximum parsimony, a heuristic search was performed for 1000 random rephcates
by random addition sequence with TBR branch swap method. The 30 most parsimonious trees had a
TL=1796, CI=0.579, RI=0.734, and RC=0.425. The families withm the Coccidia (Eimeriidae,
Sarcocystidae, and Cryptosporiididae) represent monophyletic units respectively. The placement of
Lankesterella, Isospora suis, and Lerdyana show the same systematic problems as seen 1 Figures F-1
through F-4 with gaps treated as a 5" base under maximum parsimony criterton. The systematically
accepted Eucoccidiorida (Haemogregarimdae, Lankesterellidae, and Colpodellidae) fails to exhibit
monophyly, as well as the Eugregarinidae (Leidyanidae, Monocystidae, and Ophryocystidae) fails to

demonstrate a monophyletic unit.
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Figure F-6 Dataset A- Majority rule consensus of 30 most parsimonious trees with gaps treated as missing and
nucleotides weighted equally. Entamoeba histolytica was set as outgroup to the Apicomplexa With optimality criteria
set to maximum parsimony, a heuristic search was performed for 1000 random replicates by random addition sequence
with TBR branch swap method. The 30 most parsimonious trees had a TL=1796, CI=0 579, R1=0.734, and RC=0.425.
The majonty rule consensus demonstrates that the topology differences among the 30 most parsimonious trees lte
within the Cryptosporidudae. All other branches on this topology show 100% of the same topology for the 30 most
parsimomous trees This topology differs to Figures F-1 and F-2 (gaps as 5" base) i the presence of monophyly of
Theilendae, presence of polytomy with Toxoplasma and Hammondia, lack of monophyly within Eugregannida, and

munor differences withmn Cryptosporidudae
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Figure F-7. Dataset A: Bootstrap consensus tree by maximum parsimony with bootstrap values <50%
support not shown with gaps treated as nussing and nucleotides weighted equally. Entamoeba histolytica
was set as outgroup to the Apicomplexa. With optimality criteria set to maximum parsimony, a bootstrap
heuristic search was performed for 2500 replicates by random stepwise addition with TBR branch swap
method. The famuhies within the Coccidia (Eimeriidae, Sarcocystidae, and Cryptosporiididae) show strong
support as monophyletic units respectively. The placement of Lankesterella, Isospora suis, and Leidyana
show the same systematic problems as seen 1n all previous topologies. This bootstrap consensus shows
stronger support than the bootstrap consensus from Figure F-3 with gaps as missing data.
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Figure F-8. Dataset A: Jackknife consensus tree by maximum parsimony with jackknife values <50%
support not shown. Entamoeba histolytica was set as outgroup to the Apicomplexa. With optimality
criteria set to maximum parsimony, a jackknife heuristic search was performed for 2500 replicates by
random stepwise addition with TBR branch swap method. Gaps were treated as missing and nucleotides
weighted equally. The families within the Coccidia (Eimeriidae, Sarcocystidae, and Cryptosporiididae)
demonstrate monophyletic umts respectively. The placement of Lankesterella, Isospora suis, and
Leidyana show the same systematic problems as seen in all previous topologies. This jackkmfe topology
shows weaker support for classes within Apicomplexa however resolves polytomies compared to the
jackkmfe topology from Figure F-4 with gaps as nussing data.
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Figure F-9. Dataset A: Cladogram with optimality criterion set to distance with a neighbor joimng search
and Tajuma Ne1 distance correction algorithm and nucleotides weighted equally. Entamoeba histolytica
was set as outgroup to the Apicomplexa. A neighbor joming search was performed for 1000 replicates by
random stepwise addition with TBR branch swap method. The ME value 1s 1.64636. The famihes within
the Coccidia (Emmerndae, Sarcocystidae, and Cryptosporudidae) demonstrate monophyletic units
respectively. The placement of Lankesterella, Isospora suis, and Leidyana show the same systematic
problems as seen m all previous topologies. The Eugregarinida order fails to demonstrate monophyly,
however the taxa within Cryptosporidridae show resolution.
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Figure F-10. Dataset A: Phylogram with optimality criterion set to distance with a neighbor jomng search
and Tajima Net distance cotrection algorithm and nucleotides weighted equally. Thus is the same topology
as i Figure F-9, however the number of substitutions per site are represented as a phylogram. Entamoeba
histolytica was set as outgroup to the Apicomplexa. A neighbor joining search was performed for 1000
rephicates by random stepwise addition with TBR branch swap method. The ME value is 1.64636. The
families within the Coccidia (Eimerudae, Sarcocystidae, and Cryptosporiididae) demonstrate monophyletic
units respectively. The placement of Lankesterella, Isospora suis, and Leidyana show the same systematic
problems as seen in all previous topologies, all of which show numerous substitutions per site mn this
topology. The Eugregarimida order fails to demonstrate monophyly, however the taxa within
Cryptosporidudae show resolution.
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Figure F-11. Dataset A: Bootstrap consensus tree by neighbor joinmng with Tajuma Ne1 distance correction
algorithm and nucleotides weighted equally Bootstrap values <50% support are not shown. Entamoeba
histolytica was set as outgroup to the Apicomplexa. With optimality criteria set to distance, a bootstrap
search was performed for 2500 replicates by neighbor joming method. The famihes within the Coccidia
(Emmerndae, Sarcocystidae, and Cryptosporndidae) demonstrate monophyletic umts respectively however
show weak support. Eugregarmida fails to exhibit monophyly, and the Colpodellidae, Crytptosporidudae,
Haemogregarimidae, and Class Gregarina collapse 1nto a polytomy. The placement of Lankesterella,
Isospora suis, and Lerdyana show the same systematic problems as seen 1n all previous topologies.
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Figure F-12. Dataset A: Jackknife consensus tree by neighbor joming with Tajima Nei distance correction
algorithm and nucleotides weighted equally. Jackkmfe values <50% support are not shown. Entamoeba
histolytica was set as outgroup to the Apicomplexa. With optimality criteria set to distance, a jackkmfe
search was performed for 2500 replicates by neighbor joining method. The families within the Coccidia
(Emmerudae, Sarcocystidae, and Cryptosporudidae) demonstrate monophyletic units respectively however
show weak support as also seen mn Figure F-11. Eugregarimda fails to exhibit monophyly, and the
Colpodellidae, Crytptosporidudae, Haemogregarinidae, and Class Gregarina collapse into a polytomy.

The placement of Lankesterella, Isospora suis, and Leidyana show the same systematic problems as seen in

all previous topologies.
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Figure F-13. Dataset A: Maximum hkelithood cladogram with branch lengths shown above branches using
Modeltest parameters. The parameters included model GTR + I + G; base frequencies of A=0.3265,
C=0.1652, G=0.2313, T=0.2771; substitution rate matrix of A-C=1.2767, A-G=2.5466, A-T=1.8424, C-
G=0.8904, C-T=4.8326, and G-T=1.0000; ASRV mvariable sites = 0 and variable sites with a gamma
distribution of 0.3531. Entamoeba histolytica was set as outgroup to the Apicomplexa. With optimality
criteria set to maximum likelihood, a heuristic search was performed for by with TBR branch swap method
and ran until completuon. Nucleotides weighted equally. The —In L score 1s 9273.59391. The
Cryptosporidiidae, Colpodellidae, Monocystidae, and Ophryocystidae form a monophyletic clade that
disagrees systematically. Leidyana forms a monophyletic clade with Colpodella alternatively to its
systematic order Eugregarimda. Isospora suis and Lankesterella continue to disagree with systematic

posttion.
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Figure F-14. Dataset A: Bootstrap consensus for maximum likelihood with branch lengths shown above
branches using Modeltest parameters. The parameters included model GTR + I + G; base frequencies of
A=0.3265, C=0.1652, G=0.2313, T=0.2771; substitution rate matrix of A-C=1.2767, A-G=2.5466, A-
T=1.8424, C-G=0.8904, C-T=4.8326, and G-T=1.0000; ASRYV invariable sites = 0 and variable sites with a
gamma distribution of 0.3531. Bootstrap values <50% support are not shown. Entamoeba histolytica was
set as outgroup to the Apicomplexa. With optimality criteria set to maximum likelihood, a bootstrap search
was performed for 2500 replicates by neighbor joining method.



0050

0003

0049

328

0

% U16369-Babesia odocoiler
9012 U16370-Babesia divergens

0079

0859

0016

0035

0049

0002

0009

0066 L19080-Cytauxzoon fehs
0028

0024 U97056-Theilena cervi
102366-Theilena parva
0

ME: AF060976-Caryospora bigenetica
i 0001

AF060975-Caryospora bigenetica
0050

0009

0010

0007

0004

0007

AF080611-Lankesterella nunima
0009

AF080612-Isospora robmm

0014 0002 AF111186-Cyclospora colobh

0002 AF111187-Cyclospora papionis
o017 AF080614-Eimena falciforms
0002

AY028972-Eimenia weybndgensis

0004 AH008381-Hammondia hammond:

0001 0
0

L37415-Toxoplasma gondn

L.24381-Toxoplasma gondn

U17346-Neospora caninum

0042

U97523-Isospora swms

0024

AF298623-Hyaloklossia hieberkuehm
;223—1— U97524-8arcocystis sp

0050

Loo42 1.24383-Sarcocystis tenella

0053 AY078092-Colpodella pontica
0079

0016

0079

0002

0003

‘ m_: AY142075-Colpodella sp
9202 AF457130-Leidyana mgrator
9006 AF112573-Cryptospondium sp

0005

0008

0001

L0014 \F115377-Crypto parvum
0 003

0001 AF112574-Crypto meleagndis
{oo AF112572-Crypto parvum
0

0004

0003

AF164102-Crypto parvum
AF112571-Crypto parvum

o

0

0007

AF161859-Crypto parvum
0002 4]

AF161858-Crypto parvum
0002

———— AF112569-Crypto parvum
0003

L25642-Crypto parvum

0003 AF115378-Crypto wrain

0015

AF112570-Crypto parvum

0009

AF112576-Crypto parvum

0083

AF112575-Crypto fehs
|£2—8-3-— AF457127-Monocystis agilis

0081

L0149 AF129883-Ophriocystis elek
0007

_0_011_{: AF176836-Hepatozoon amerncanum
i 0048

AF176837-Hepatozoon catesbianae

0392

AF176835-Hepatozoon canis

287 A7243513-Plasmodum bergher

Loz U93095-Plasmodium vivax

X65163-Entamoeba histolytica

Figure F-15. Dataset A: Maximum likelihood cladogram with branch lengths shown above branches using
Modeltest parameters. The parameters mcluded model GTR + I + G; base frequencies of A=0.3263,
C=0.1647, G=0.2311, T=0.2778; substitution rate matrix of A-C=1.2873, A-G=2.5613, A-T=1.8402, C-
G=0.8976, C-T=4.8366, and G-T=1.0000; ASRYV 1nvariable sites = 0.1126 and variable sites with a
gamma distribution of 0.4359. Entamoeba histolytica was set as outgroup to the Apicomplexa. With
optimality critena set to maximum likelthood, a heurnistic search was performed for by with TBR branch
swap method and ran until completuon. Nucleotides weighted equally. The —In L score is 9271.50200.
This maximum hikelihood model compared to Figure F-14 (different Modeltest parameters) 1s identical in
topology, however the branch lengths are shghtly different.



329

100 — U16369-Babesta odoconler

100

67

L U16370-Babesia divergens
L19080-Cytauxzoon felis

100

L: U97056-Theileria cervi

L02366-Theilena parva

£,: AF060976-Caryospora bigenetica
AF060975-Caryospora bigenetica

89

89

78

AF080611-Lankesterella minima

ﬂ_: AF111186-Cyclospora colobi
AF111187-Cyclospora papionis

AF080614-Eimer1a falciformis
AY028972-Eimena weybridgensis

89

AF080612-Isospora robini
AHO008381-Hammondia hammond1
1.37415-Toxoplasma gondn

89

56

100

1.24381-Toxoplasma gondn

U17346-Neospora caninum

U97523-Isospora suts

100

AF298623-Hyaloklossia lieberkuehm
—— U97524-8arcocystis sp

89

I 1.24383-Sarcocystis tenella
AY078092-Colpodella pontica

67

____: AY142075-Colpodella sp
AF457130-Leidyana migrator

AF112573-Cryptosporidium sp

AF112575-Crypto felis

AF112574-Crypto meleagridis

89

56

AF112576-Crypto parvum
AF164102-Crypto parvum
AF112571-Crypto parvum
78 AF161859-Crypto parvum

AF161858-Crypto parvum
L25642-Crypto parvum

AF112569-Crypto parvum

AF115378-Crypto wrain

AF115377-Crypto parvum

AF112570-Crypto parvum

AF112572-Crypto parvum

L{: AF176836-Hepatozoon americanum
AF176835-Hepatozoon cants

100

AF176837-Hepatozoon catesbianae
[ AF457127-Monocystis agilis

100

L AF129883-Ophrniocysts elek
[ AJ243513-Plasmodium berghe1

b 193095-Plasmodium vivax

X65163-Entamoeba histolytica

Figure F-16. Dataset A: Bootstrap consensus of maximum likelihood cladogram with branch lengths
shown above branches using Modeltest parameters. The parameters included model GTR + I + G; base
frequencies of A=0.3263, C=0.1647, G=0.2311, T=0.2778; substitution rate matrix of A-C=1.2873, A-
G=2.5613, A-T=1.8402, C-G=0.8976, C-T=4.8366, and G-T=1.0000; ASRYV invariable sites = 0.1126 and
variable sites with a gamma distribution of 0.4359. Entamoeba histolytica was set as outgroup to the
Apicomplexa. Bootstrap values <50% support are not shown. With optimality criteria set to maximum
likelihood, a bootstrap search was performed for 2500 replicates by neighbor joining method.
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Figure F-17. Dataset B: Strict consensus of 95 most parsimomious trees with gaps treated as 5™ base and
nucleotides weighted equally. Entamoeba histolytica was set as outgroup to the Apicomplexa. With
optimality criteria set to maximum parsimony, a heuristic search was performed for 1000 random replicates
by random addition sequence with TBR branch swap method. The 95 most parsimonious trees had a
TL~=1004, CI=0.520, RI=0.769, and RC=0.400. The strict consensus collapses mnto multiple polytomes for
most famihies of Apicomplexa. The order Eugregarinida fails to demonstrate monophyly, Lankesterella
fails to group with the systematically accepted Eucoccidiorida, Isospora suis fails to group within
Eimerndae, and the families Sarcocystidae and Exmeriidae lack resolution. The Haemogregarina and
Hepatozoon genera group with the Colpodella, however collapse as polytomies within this clade.
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Figure F-18. Dataset B: Majorty rule consensus of 95 most parsimonious trees with gaps treated as 5™ base.
Majority rule values are represented above each branch length. Entamoeba histolytica was set as outgroup
to the Apicomplexa and nucleotides weighted equally. With optimality criteria set to maximum parsimony,
a heuristic search was performed for 1000 random replicates by random addition sequence with TBR
branch swap method. The 95 most parsimomous trees had a TL=1004, CI=0.520, R1=0.769, and RC=0.400.
The majority rule consensus shows that the 95 most parsimonious trees differ in the placement of taxa
within Theilerudae, within Haemogregarinidae, and within Eugregarimida.
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MF7948-Haemogregarina sp (OB)
MF5826-Haemogregarina sp (HA)
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Figure F-19. Dataset B: Bootstrap consensus tree by maximum parsimony with bootstrap values <50%

support not shown Bootstrap values are represented above each branch length Entamoeba histolytica was

set as outgroup to the Apicomplexa. With optimality criteria set to maximum parsimony, a bootstrap
heuristic search was performed for 2500 replicates by random stepwise addition with TBR branch swap

method. Gaps were treated as 5™ base and nucleotides weighted equally The bootstrap consensus topology

shows that the overall topology lacks support (bootstrap value = 50) and all major clades collapse mto a

polytomy.
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Figure F-20. Dataset B: Jackknife consensus tree by maximum parsimony with jackknife values <50%
support not shown. Entamoeba histolytica was set as outgroup to the Apicomplexa. With optimality
criteria set to maximum parsimony, a jackknife heuristic search was performed for 2500 rephcates by
random stepwise addition with TBR branch swap method. Gaps were treated as 5™ base and nucleotides
weighted equally. The jackknife consensus topology shows that the overall topology lacks support
(jackknife value = 51) and all major clades collapse mnto a polytomy.
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Figure F-21. Dataset B: Strict consensus of 79 most parsimomous trees with gaps treated as mussing data.
Entamoeba histolytica was set as outgroup to the Apicomplexa nucleotides were weighted equally. With
optimality criteria set to maximum parsimony, a heuristic search was performed for 1000 random replicates

by random addition sequence with TBR branch swap method. The 79 most parsimonious trees had a
TL=695, CI=0.557, RI=0.787, and RC=0.438. The strict consensus almost completely collapses the

Sarcocystidae, combies Colpodellidae monophyletic with Cryptosporidiidae, and bifurcates the
Eugregarinida. The placement of Lankesterella, and Isospora suis, show the same systematic problems as

seen 1n all previous topologies.
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Figure F-22. Dataset B: Majority rule consensus of 79 most parsimonious trees with gaps treated as
mussmg. Entamoeba histolyfica was set as outgroup to the Apicomplexa and nucleotides weighted equally.
With optimality criteria set to maximum parsimony, a heuristic search was performed for 1000 random
replicates by random addition sequence with TBR branch swap method. The 79 most parsimonious trees
had a TL=695, CI=0.557, R1=0.787, and RC=0.438. Majority rule consensus values are represented above
each branch. This cladogram bifurcates the Eucoccidiorida farmbies, bifurcates the Gregarina class, and
bifurcates genera such as Sarcocystis and Toxoplasma.
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Figure F-23. Dataset B: Bootstrap consensus tree by maximum parsimony with gaps were treated as
mussing with bootstrap values <50% support not shown. Entamoeba histolytica was set as outgroup to the
Apicomplexa and nucleotides weighted equally. With optimality criteria set to maximum parsimony, a
bootstrap heuristic search was performed for 2500 replicates by random stepwise addition with TBR branch
swap method. The topology has weak support for the first major bifurcation (bootstrap = 58) and most of

the other clades collapse as polytonues.
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Figure F-24. Dataset B: Jackknife consensus tree by maximum parsimony with gaps were treated as
russing with jackkmfe values <50% support not shown. Entamoeba histolytica was set as outgroup to the
Apicomplexa and nucleotides weighted equally. With optimality criteria set to maximum parsimony, a
jackknife heuristic search was performed for 2500 replicates by random stepwise addition with TBR branch
swap method. The topology has weak support for the first major bifurcation (bootstrap = 59) and most of
the other clades collapse as polytomues.
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Figure F-25. Dataset B: Cladogram with optimality criterion set to distance with a neighbor jomning search
and Tajima Ne1 distance correction algorithm. Entamoeba histolytica was set as outgroup to the
Apicomplexa and nucleotides were weighted equally. A neighbor joining search was performed for 1000
replicates by random stepwise addition with TBR branch swap method. The ME value is 1.39749. This
topology clusters Eucoccidiorida with Piroplasmida as a monophyletic unit. Sarcocystidae and Eimeriidae
form a monophyletic clade, however the Gregara class bifurcates among them. Lankesterella and
Isospora suis are not grouped with their systematically approved classes. This cladogram bifurcates the
Eucoccidiorida families, bifurcates the Gregarina class, and bifurcates genera such as Sarcocystis and

Toxoplasma.
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Figure F-26. Dataset B: Phylogram with optimality criterion set to distance with a neighbor joining search

and Tajima Nei distance correction algorithm. Entamoeba histolytica was set as outgroup to the

Apicomplexa and nucleotides were weighted equally. A neighbor joining search was performed for 1000
replicates by random stepwise addition with TBR branch swap method. The ME value 1s 1.39749. This
topology 1s 1dentical to that in Figure F-25, except the number of substitutions per site 1s represented as a

phylogram.
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Figure F-27. Dataset B: Bootstrap consensus tree by neighbor joining with bootstrap values <50% support
not shown. Entamoeba histolytica was set as outgroup to the Apicomplexa and nucleotides were weighted
equally. With optimality criteria set to distance, a bootstrap neighbor-jommg search was performed for
2500 rephcates. This topology shows relatively strong support the first bifurcation, however the majority
of the clades collapse as polytomies. The Haemogregarinidae fammly is strongly supported and show
monophyletic clades of Haemogregarina and Hepatozoon respectively. The placement of Plasmodium
outside the Gregarina 1s weakly supported. Toxoplasma and Sarcocystis fail to group identical genera
monophyletically.
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Figure F-28. Dataset B: Jackkmife consensus tree by maximum parsimony with jackknife values <50%
support not shown. Entamoeba histolytica was set as outgroup to the Apicomplexa and nucleotides were
weighted equally. With optimality criteria set to distance, a jackkmfe neighbor-joming search was
performed for 2500 replicates. This topology shows relatively strong support the first bifurcation, however
the majority of the clades collapse as polytomies. The Haemogregarinidae family is strongly supported and
show monophyletic clades of Haemogregarina and Hepatozoon respectively. The placement of
Plasmodwum outside the Gregarina is weakly supported. Toxoplasma and Sarcocystis fail to group 1dentical
genera monophyletically.
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Figure F-29. Dataset B: Maximum likelthood cladogram with branch lengths shown above branches using
Modeltest parameters. The parameters included model TrN + G; base frequencies of A=0.3151, C=0.1648,
G=0.2307, T=0.2894; substitution rate matrix of A-C=1.0000, A-G=1.9070, A-T=1.0000, C-G=1.0000, C-
T=4.0781, and G-T=1.0000; ASRV 1variable sites = 0 and variable sites with a gamma distribution of
0.2339. Entamoeba histolytica was set as outgroup to the Apicomplexa and nucleotides were weighted
equally. With optimality criteria set to maximum likelithood, a heuristic search was performed with TBR
branch swap method and ran until completion. The —InL score 1s 3774.12108.



_—I____r——-:

—

—

.

—

—

—
| S

—
e —

—
| S —

U16369-Babesia odocoiler
U16370-Babesia divergens
U97056-Theilena cervi
L02366-Theilena parva
1.19080-Cytauxzoon felis
AF531418-Cytauxzoon sp
AF060976-Caryospora bigenetica
AF060975-Caryospora bigenetica
AF111186-Cyclospora.colob1
AF111187-Cyclospora papionis
AF080614-Eimena falciforrms
AF080612-Isospora robint
AY028972-Emmeria weybndgensis
AF080611-Lankesterella mimma
AH008381-Hammondia hammondi

U97523-Isospora suis
U17346-Neospora caninutm
1.24383-Sarcocystis tenella
U97524-Sarcocystis sp
L37415-Toxoplasma gondu
L24381-Toxoplasma gondn
AY078092-Colpodella pontica
AY142075-Colpodella sp
AF112573-Cryptosporidium sp
AF112575-Crypto felis
AF112574-Crypto meleagndis
AF164102-Crypto parvum
AF112571-Crypto parvum
AF112572-Crypto parvum
AF161859-Crypto parvum
AF161858-Crypto parvum
125642-Crypto parvum
AF112569-Crypto parvum
AF115378-Crypto wrain
AF115377-Crypto parvum
AF112570-Crypto parvum
AF112576-Crypto parvum
L31799-Gregarna caledia
1.31841-Gregarina chortiocetes
AF457130-Leidyana migrator
MF5494-Haemogregarina sp (HT)
MF5499-Haemogregarina sp (PT)
MF5502-Haemogregarina sp (SO)
MF5511-Haemogregarina sp (KS)
MF5518-Haemogregarina sp (CD)
MF5796-Haemogreganna.sp (PN)
MF5864-Haemogregarina sp (TSE)
MF5898-Haemogregarina sp (TSE)
MF7948-Haemogregarina sp (OB)
MEF7951-Haemogregarina sp (SC)
MF5826-Haemogregarina sp (HA)
MF7952-Haemogregarina sp (HG)
AF176836-Hepatozoon americanum
Hepatozoon cants consensus
Hepatozoon cates/sipedon cons
AF457127-Monocystis agilis
AF129883-Ophnocystis elek
1.31843-Pseudomonocystis lepidt
AJ243513-Plasmodium bergher
U93095-Plasmodium vivax
X65163-Entamoeba histolytica
X89636-Entamoeba histolytica

343

[ AF298623-Hyaloklossia lieberkuehni

Figure F-30. Dataset B: Bootstrap consensus with maximum likelihood using Modeltest parameters. The
parameters included model TiN + G; base frequencies of A=0.3151, C=0.1648, G=0.2307, T=0.2894;
substitution rate matrix of A-C=1.0000, A-G=1.9070, A-T=1.0000, C-G=1.0000, C-T=4.0781, and G-
T=1.0000; ASRV mvariable sites = 0 and variable sites with a gammma distribution of 0.2339. Entamoeba
histolytica was set as outgroup to the Apicomplexa. With optimality criteria set to maximum likelthood, a
bootstrap heurnstic search was performed for 2500 replicates by neighbor jomng with TBR branch swap

method. Bootstrap values with <50% support are not shown.
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Figure F-31. Dataset B Maximum likelihood cladogram with branch lengths shown above branches using
Modeltest parameters. The parameters included model TrN + G; base frequencies of A=0.2937, C=0.1655,
G=0.2484, T=0.2924; substitution rate matrix of A-C=1.6907, A-G=2.4927, A-T=1.5261, C-G=0.8853, C-
T=5.1433, and G-T=1.0000; ASRV 1nvariable sites = 0 and variable sites with a gamma distribution of
0.2338. Entamoeba histolytica was set as outgroup to the Apicomplexa and nucleotides were weighted
equally. With optimality criteria set to maximum likelithood, a heuristic search was performed with TBR
branch swap method and ran until completion. The —In L score 15 3770.59511. Ths topology 1s almost
identical to Figure F-29 (different Modeltest parameters) yet differs mn topology 1n the placement of the
Gregarina-Lerdyana monophyletic clade.
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Figure F-32. Dataset B: Bootstrap consensus for maximum likelihood using Modeltest parameters. The
parameters mcluded model TN + G; base frequencies of A=0.2937, C=0.1655, G=0.2484, T=0.2924;
substitution rate matrix of A-C=1.6907, A-G=2.4927, A-T=1.5261, C-G=0.8853, C-T=5.1433, and G-
T=1.0000; ASRV mvanable sites = 0 and variable sites with a gamma distribution of 0.2338. Entamoeba
histolytica was set as outgroup to the Apicomplexa. With optimality criteria set to maxiumum likelthood, a
bootstrap heuristic search was performed for 2500 replicates by neighbor jomnmg with TBR branch swap
method. Bootstrap values with <50% support are not shown.
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Figure F-33 Dataset C Strict consensus of 55 most parsimonious trees. Monocystis agilis and Ophriocystis elektroscirrha
were set as monophyletic outgroup to the Haemogregarimdae With optimality critena set to maximum parsimony, a heuristic
search was dp:erformed for 1000 random replicates by random addition sequence with TBR branch swap method. Gaps were
treated as 5 base and nucleotides weighted equally The 55 most parsimonious trees had a TL=136, CI=0.882, R1=0.800,
and RC=0 706. All clades collapse as a polytomy with the exception to the TSE hosts Haemogregarina sp. hosts are
abbreviated as. HA=Hieremys annandalu, HG=Heosemys grandis, SC=Siebenrockiella crassicollis, HT=Hardella thurju,
CD=Cyclemys dentata, OB= Orlitia borneensis, PT=Pseudemys texana, PN=Pseudemys nelsoni, SO=Sternotherus odoratus,
KS=Kinosternon sonorianse, TSE=Trachemys scripta elegans
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Figure F-34 Dataset C Majority rule consensus of 55 most parsimonious trees with majority rule values represented above each
branch Monocystis agilis and Ophriocystis elektroscirrha were set as monophyletic outgroup to the Haemogregarimdae With
optimality criteria set to maximum parsimony, a heuristic search was performed for 1000 random replicates by random addition
sequence with TBR branch swap method Gaps were treated as 5™ base and nucleotides weighted equally  The 55 most parsimonious
trees had a TL=136, CI=0 882, RI=0 800, and RC=0 706 Thus toplogy collapses mnto a polytomy with the exception to the TSE host
clade, the HA-SC clade, and the PT-PN clade = Hepatozoon falls monophyletic within the Haemogregarina clade, thus not showmg
genera differenttation  Haemogregarma sp hosts are abbreviated as HA=Hieremys annandalu, HG=Heosemys grandis,
SC=Siebenrockiella crassicollis, HT=Hardella thurju, CD=Cyclemys dentata, OB= Orlitia borneensis, PT=Pseudemys texana,
PN=Pseudemys nelsoni, SO=Sternotherus odoratus, KS=Kinosternon sonorianse, TSE=Trachemys scripta elegans
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Figure F-35 Dataset C Bootstrap consensus tree by maximum parsimony with bootstrap values <50% support not shown

Monocystis agilis and Ophriocystis elektroscirrha were set as monophyletic outgroup to the Haemogregarinidae  With optimality
criteria set to maximum parsimony, a bootstrap heuristic search was performed for 2500 replicates by random stepwise addition with
TBR branch swap method Gaps were treated as 5" base and nucleotides weighted equally This topology shows MF7952
Haemogregarina sp (HG) 1s monophyletic with Hepatozoon, however this 1s weakly supported at bootstrap value of 57 The PT-PN
clade 1s also weakly supported within Haemogregarina, however the TSE clade shows strong support  Haemogregarna sp hosts are
abbreviated as HA=Hieremys annandalu, HG=Heosemys grandis, SC=Siebenrockiella crassicollis, HT=Hardella thuryu,
CD=Cyclemys dentata, OB= Orlitia borneensis, PT=Pseudemys texana, PN=Pseudemys nelsom, SO=Sternotherus odoratus,
KS=Kinosternon sonorianse, TSE=Trachemys scripta elegans
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Figure F-36 Dataset C Jackknife consensus tree by maximum parsimony with jackknife values <50% support not shown
Monocystis agilis and Ophriocystis elektroscirrha were set as monophyletic outgroup to the Haemogregarimdae With optimality
criter1a set to maximum parsimony, a jackknife heuristic search was performed for 2500 replicates by random stepwise addition with
TBR branch swap method Gaps were treated as 5™ base and nucleotides weighted equally This topology shows MF7952
Haemogregarma sp (HG) 1s monophyletic with Hepatozoon, however this 1s weakly supported at bootstrap value of 57 The PT-PN
clade 1s not supported (as shown in Figure F-35) within Haemogregarina, however the TSE clade shows strong support
Haemogregarina sp hosts are abbreviated as HA=Hieremys annandaln, HG=Heosemys grandis, SC=Swebenrockiella crassicollis,
HT=Hardella thurju, CD=Cyclemys dentata, OB= Orlifta borneensis, PT=Pseudemys texana, PN=Pseudemys nelson:,
SO=Sternotherus odoratus, KS=Kinosternon sonorianse, TSE=Trachemys scripta elegans
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Figure F-37 Dataset C Strict consensus of 81 most parsimonious trees with gaps treated as missing data  Monocystis agilis and
Ophriocysts elektroscirrha were set as monophyletic outgroup to the Haemogregarinidae and nucleotides were weighted equally
With optimality criteria set to maximum parsimony, a heuristic search was performed for 1000 random replicates by random addition
sequence with TBR branch swap method The 81 most parsimonious trees had a TL=116, CI=0 862, RI=0 787, and RC=0 678. The
only distinguishable clade 1s the TSE-TSE monophyletic unit, and all other taxa form a polytomy Haemogregarina sp. hosts are
abbreviated as HA=Hieremys annandalu, HG=Heosemys grandis, SC=Siebenrockiella crassicollis, HT=Hardella thurju,
CD=Cyclemys dentata, OB= Orlina borneensis, PT=Pseudemys texana, PN=Pseudemys nelsom, SO=Sternotherus odoratus,
KS=Kinosternon sonorianse, TSE=Trachemys scripta elegans
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Figure F-38 Dataset C Majority rule consensus of 81 most parsimonious trees with Gaps treated as nmssing data  Monocystis agilis
and Ophriocystis elektroscirrha were set as monophyletic outgroup to the Haemogregarimdae and nucleotides were weighted equally
With optimality criteria set to maximum parsimony, a heuristic search was performed for 1000 random replicates by random addition
sequence with TBR branch swap method The 81 most parsimontous trees had a TL=116, CI=0 862, RI=0 787, and RC=0 678 This
topology groups Haemogregarina sp (HG) as monophyletic with Hepatozoon The majority of the trees bifurcate with the TSE-TSE
clade and the PT-PN clade Haemogregarina sp hosts are abbreviated as HA=Hieremys annandalu, HG=Heosemys grandis,
SC=Stebenrockiella crassicollis, HT=Hardella thurju, CD=Cyclemys dentata, OB= Orlitra borneensis, PT=Pseudemys texana,
PN=Pseudemys nelsoni, SO=Sternotherus odoratus, KS=Kinosternon sonorianse, TSE=Trachemys scripta elegans
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Figure F-39 Dataset C Bootstrap consensus tree by maximum parstmony with bootstrap values <50% support not
shown Monocystis agilis and Ophriocystis elektroscirrha were set as monophyletic outgroup to the
Haemogregarmidae. With optimality criteria set to maximum parsimony, a bootstrap heuristic search was performed
for 2500 replicates by random stepwise addition with TBR branch swap method Gaps were treated as mussing and
nucleotides weighted equally. The only strongly supported clade 1s the TSE-TSE monophyletic unit
Haemogregarima sp hosts are abbreviated as HA=Hieremys annandalu, HG=Heosemys grandis, SC=Siebenrockiella
crassicollis, HT=Hardella thurju, CD=Cyclemys dentata, OB= Orlitia borneensis, PT=Pseudemys texana,
PN=Pseudemys nelsoni, SO=Sternotherus odoratus, KS=Kinosternon sonorianse, TSE=Trachemys scripta elegans
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Figure F-40 Dataset C  Jackknife consensus tree by maximum parsimony with jackknife values <50% support not shown
Monocystis agilis and Ophriocystis elektroscirrha were set as monophyletic outgroup to the Haemogregariidae and nucleotides were
weighted equally With optimality criteria set to distance, a jackkmife neighbor-jomning search was performed for 2500 replicates by
random stepwise addition with TBR branch swap method. The only strongly supported clade 1s the TSE-TSE monophyletic umt
Haemogregarina sp hosts are abbreviated as HA=Hieremys annandalun, HG=Heosemys grandis, SC=Siebenrockiella crassicollis,
HT=Hardella thurju, CD=Cyclemys dentata, OB= Orlitia borneensis, PT=Pseudemys texana, PN=Pseudemys nelsoni,
SO=Sternotherus odoratus, KS=Kinosternon sonorianse, TSE=Trachemys scripta elegans
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Figure F-41 Dataset C Cladogram with optimality criterion set to distance with a neighbor joming search and Tajima
Nei distance correction algorithm Monocystis agilis and Ophriocystis elektroscirrha were set as monophyletic
outgroup to the Haemogregarinidae and nucleotides were weighted equally A neighbor joining search was performed
for 1000 replicates by random stepwise addition with TBR branch swap method The ME value 1s 0 21982.
Haemogregarina (HG) forms a monophyletic clade with Hepatozoon. HT-HA-SC forms an Old World monophyletic
unit, and PT-PN-SO-KS-TSE-TSE clade forms a New World monophyletic unit Haemogregarina sp hosts are
abbreviated as: HA=Hieremys annandalu, HG=Heosemys grandis, SC=Siebenrockiella crassicollis, HT=Hardella
thuryu, CD=Cyclemys dentata, OB= Orlitia borneensis, PT=Pseudemys texana, PN=Pseudemys nelson,
SO=Sternotherus odoratus, KS=Kinosternon sonorianse, TSE=Trachemys scripta elegans.
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Figure F-42 Dataset C Phylogram with optimality criterion set to distance with a neighbor joming search and Tajima |,
Ne1 distance correction algorithm. Monocystis agilis and Ophriocystis elektroscirrha were set as monophyletic
outgroup to the Haemogreganmdae and nucleotides were weighted equally A neighbor jomning search was performed
for 1000 replicates by random stepwise addition with TBR branch swap method. The number of substitutions per site
1s represented as the length of each branch and the ME score 1s 1.39749 for the phylogram This topology 1s 1dentical
to Figure 41 however 1t 1s represented as a phylogram Haemogregarina sp. hosts are abbreviated as: HA=Hieremys

annandalu, HG=Heosemys grandis, SC=Siebenrockiella crassicollis, HT=Hardella thurju, CD=Cyclemys dentata,

OB= Orlitia borneensis, PT=Pseudemys texana, PN=Pseudemys nelsoni, SO=Sternotherus odoratus, KS=Kinosternon

sonorianse, TSE=Trachemys scripta elegans.
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Figure F-43 Dataset C Bootstrap consensus tree by neighbor-jomning with bootstrap values <50% support not shown.
Monocysns agilis and Ophriocysnis elektroscirrha were set as monophyletic outgroup to the Haemogregarimidae and
nucleotides were weighted equally With optimality criteria set to distance, a bootstrap neighbor-joming search was
performed for 2500 replicates by random stepwise addition with TBR branch swap method The only strongly
supported branch 1s the TSE-TSE clade The HA-SC clade 1s moderately supported Haemogregarma sp hosts are
abbreviated as HA=Hieremys annandalu, HG=Heosemys grandis, SC=Siebenrockiella crassicollis, HT=Hardella
thuryu, CD=Cyclemys dentata, OB= Orhtia borneensis, PT=Pseudemys texana, PN=Pseudemys nelsonz,
SO=Sternotherus odoratus, KS=Kinosternon sonorianse, TSE=Trachemys scripta elegans
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Figure F-44 Dataset C. Jackkmife consensus tree by neighbor-joming with jackknife values <50% support not shown
Monocystis agilis and Ophriocystis elektroscirrha were set as monophyletic outgroup to the Haemogregarinidae and
nucleotides were weighted equally With optimality criteria set to distance, a jackknife neighbor-joming search was
performed for 2500 replicates by random stepwise addition with TBR branch swap method The only strongly
supported branch 1s the TSE-TSE clade. The HA-SC clade 1s moderately supported Haemogregarma sp hosts are
abbreviated as' HA=Hieremys annandalu, HG=Heosemys grandis, SC=Siebenrockiella crassicollis, HT=Hardella
thuryu, CD=Cyclemys dentata, OB= Orlitia borneensis, PT=Pseudemys texana, PN=Pseudemys nelsont,
SO=Sternotherus odoratus, KS=Kinosternon sonorianse, TSE=Trachemys scripta elegans.
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Figure F-45 Dataset C Maximum hkelthood cladogram with branch lengths shown above branches using Modeltest
parameters The parameters included model HKY + G; base frequencies of A=0 2826, C=0 1812, G=0 2432, T=0.2930; the
T1/Tv ratio set to 1 3000, ASRV mvanable sites = O and vartable sites with a gamma distribution of 0.2005 Entamoeba
histolytica was set as outgroup to the Apicomplexa and nucleotides were weighted equally With optimality critenia set to
maximum likelihood, a heuristic search was performed with TBR branch swap method and ran until completion.
Haemogregarina sp hosts are abbreviated as. HA=Hieremys annandalun, HG=Heosemys grandis, SC=Siebenrockiella
crassicollis, HT=Hardella thurju, CD=Cyclemys dentata, OB= Orlitia borneensis, PT=Pseudemys texana, PN=Pseudemys
nelsoni, SO=Sternotherus odoratus, KS=Kinosternon sonorianse, TSE=Trachemys scripta elegans
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Figure F-46 Dataset C Bootstrap consensus for maximum likelihood using Modeltest parameters The parameters mcluded
model HKY + G, base frequencies of A=0 2826, C=0 1812, G=0 2432, T=0 2930, the T/Tv ratio set to 1 3000, ASRV
mvariable sites = 0 and variable sites with a gamma distribution of 0.2005 Entamoeba histolytica was set as outgroup to the
Apicomplexa and nucleotides were weighted equally. With optimality criteria set to maximum likelihood, a bootstrap
heunstic search was performed for 2500 replicates by neighbor joimng with TBR branch swap method Bootstrap values with
<50% support are not shown Haemogregarina sp. hosts are abbreviated as. HA=Hieremys annandalu, HG=Heosemys
grandis, SC=Siebenrockiella crassicollis, HT=Hardella thurju, CD=Cyclemys dentata, OB= Orlitia borneensis,
PT=Pseudemys texana, PN=Pseudemys nelson, SO=Sternotherus odoratus, KS=Kinosternon sonorianse, TSE=Trachemys

scripta elegans
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Figure F-47 Dataset C Maximum likelihood cladogram with branch lengths shown above branches using Modeltest parameters The
parameters mcluded model GTR + G, base frequencies of A=0 2798, C=0 1834, G=0 2582, T=0 2786, substitution rate matrix of A-
C=0 9345, A-G=2 3842, A-T=2 2262, C-G=0 1839, C-T=4 2324, G-T=1 0000, ASRYV mvanable sites = 0 5390 and variable sites with
a gamma distribution of 0 8563 Entamoeba histolytica was set as outgroup to the Apicomplexa and nucleotides were weighted
equally With optimality criteria set to maximum hkelihood, a heuristic search was performed with TBR branch swap method and ran
until completion The —In L score 1s 1338 86140 Haemogregarina sp hosts are abbreviated as HA=Hieremys annandalu,
HG=Heosemys grandis, SC=Siebenrockiella crassicollis, HT=Hardella thuryu, CD=Cyclemys dentata, OB= Orlitia borneensis,
PT=Pseudemys texana, PN=Pseudemys nelsoni, SO=Sternotherus odoratus, KS=Kinosternon sonorianse, TSE=Trachemys scripta
elegans
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Figure F-48 Dataset C. Bootstrap consensus of maximum likelithood using Modeltest parameters The parameters mcluded
model GTR + G, base frequencies of A=0.2798, C=0 1834, G=0.2582, T=0 2786, substttution rate matrix of A-C=0.9345, A-
G=2 3842, A-T=2 2262, C-G=0 1839, C-T=4.2324, G-T=1 0000, ASRV mvarnable sites = 0 5390 and variable sites with a
gamma distribution of 0.8563 Entamoeba histolytica was set as outgroup to the Apicomplexa and nucleotides were weighted
equally . With optimality criteria set to maximum likelihood, a bootstrap heuristic search was performed for 2500 replicates
by neighbor joining with TBR branch swap method. Bootstrap values with <50% support are not shown Haemogregarina sp
hosts are abbreviated as HA=Hieremys annandaln, HG=Heosemys grandis, SC=Siebenrockiella crassicollis, HT=Hardella
thuryu, CD=Cyclemys dentata, OB= Orlitia borneensis, PT=Pseudemys texana, PN=Pseudemys nelsoni, SO=Sternotherus
odoratus, KS=Kinosternon sonorianse, TSE=Trachemys scripta elegans
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kinostern odoratum
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Figure F-49. Dataset D: The single most parsimonious tree with gaps treated a 5™ base and nucleotides
weighted equally. Trachemys scripta was set as outgroup to the mgroup. With optimality criteria set to
maximum parsimony, a heuristic search was performed for 1000 random rephcates by random addition
sequence with TBR branch swap method. The most parsimonious tree had a TL=786, CI=0.763, R1=0.582,
and RC=0.582.
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annamemys
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Figure F-50. Dataset D: Bootstrap and jackknife consensus tree by maximum parsimony with bootstrap
and jackknife values <50% support not shown. Bootstrap values are represented above branches and
jackknife values are represented below branches. Trachemys scripta was set as outgroup to the ingroup.
With optimality criteria set to maximum parsimony, a bootstrap heuristic search was performed for 2500
replicates by random stepwise addition with TBR branch swap method. Gaps were treated as 5™ base and

nucleotides weighted equally.
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Figure F-51. Dataset D: The single most parsimonious tree with gaps treated a mussing data and nucleotides
weighted equally. Trachemys scripta was set as outgroup to the ingroup. With optimality criteria set to
maximum parsimony, a heuristic search was performed for 1000 random replicates by random addition
sequence with TBR branch swap method. The most parsimonious tree had a TL=707, CI=0.748, RI=0.571,
and RC=0.427.
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annamemys

callagur born

heosemys spiosa

siebenrockiella crass

kinostern odoratum

kinosternon scor

pseudemys texana

trachemys scripta

Figure F-52. Dataset D: Bootstrap and jackknife consensus tree by maximum parsimony with bootstrap and
jackknife values <50% support not shown. Bootstrap values are represented above branches and jackknife
values are represented below branches. Trachemys scripta was set as outgroup to the ingroup. With
optimality criteria set to maximum parsimony, a bootstrap heuristic search was performed for 2500
replicates by random stepwise addition with TBR branch swap method. Gaps were treated as missing data

and nucleotides were weighted equally.
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Figure F-53. Dataset D: Cladogram with optimality criterion set to distance with a neighbor joimng search
and HK'Y85 distance correction algorithm. Trachemys scripta was set as monophyletic outgroup to the
mgroup and nucleotides were weighted equally. A neighbor joining search was performed for 1000
replicates by random stepwise addition with TBR branch swap method. The ME value is 0.75164
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Figure F-54. Dataset D: Phylogram with optimality criterion set to distance with a neighbor joming search
and HKY85 distance correction algorithm. Trachemys scripta was set as monophyletic outgroup to the
mgroup and nucleotides were weighted equally. A neighbor joming search was performed for 1000
rephcates by random stepwise addition with TBR branch swap method. The number of substitutions per
site 18 represented as the length of each branch and the ME score is 0.75164 for the phylogram. This
topology 1s 1dentical to Figure F-53 however 1t 1s represented as a phylogram.



368

annamemys

52
56

callagur born

100
99

heosemys spnosa

siebenrockiella crass

100
100

kinostern odoratum

100
100

kinosternon scor

pseudemys texana

trachemys scripta

Figure F-55. Dataset D: Bootstrap and jackknife consensus tree by neighbor-joining with bootstrap and
jackknife values <50% support not shown. Bootstrap values are represented above branches and jackknife
values are represented below branches. Trachemys scripta was set as outgroup to the ingroup. With
optimality criteria set to distance, a bootstrap neighbor-joining search was performed for 2500 replicates.
Gaps were treated as missing data and nucleotides were weighted equally.
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annamemys
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Figure F-56. Dataset D: Maximum likelihood using Modeltest parameters. The parameters mcluded model
GTR + G base frequencies of A=0.37230, C=0.26210, G=0.12320, T=0.24240; substitution rate matrix of
A-C=2.040100, A-G=7.027900, A-T=0.963000, C-G=0.483500, C-T=15.696500, G-T=1.0000; ASRV
mvariable sites = 0, and variable sites with a gamma distribution of 0.3167. Trachemys scripta was set as
outgroup to the ingroup and nucleotides were weighted equally.
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annamemys
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66

96

siebenrockiella crass
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100
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100
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pseudemys texana

trachemys scripta

Figure F-57. Dataset D: Maximum likelihood using Modeltest parameters. The parameters mcluded model
GTR + G; base frequencies of A=0.37230, C=0.26210, G=0.12320, T=0 24240, substitution rate matrix of
A-C=2.040100, A-G=7.027900, A-T=0.963000, C-G=0.483500, C-T=15.696500, G-T=1.0000; ASRV
mvariable sites = 0, and variable sites with a gamma distribution of 0.3167. Trachemys scripta was set as
outgroup to the mgroup and nucleotides were weighted equally. Bootstrap values (>50%) are represented
above each branch.
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