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Trypanosoma evansi is a blood protozoa that causes trypanosomiasis or “Surra’ in
animals such as horses, beef cattle, dairy cattle, swines, buffaloes and sows. The disease can
be acute or sometimes more chronic in some animals. General symptoms of the disease are
fever, jaundice and anemia. Due to the wide host range of T. evansi, it created a great
£COTIOomIc imporfance in Africa, Asia and South America and the diversity of these protozoa is
questionable. At present, taxonomic relationships among trypanosomes are poorly known.
Traditionally, all trypanosome species descriptions have been based on morphological
characters of bloodstream trypomastigotes and morphometric parameters consisting of total
body length including free flageilum, posterior to anterior length, posterior to kinetoplast length,
nuclear dimensions and relative positions of nucleus and kinetoplast. However, morphological
characters do not clearly provide a mean of distinguishing trypanosome species. In this study,
18S 1DNA and internal transcribed spacer (ITS) region were used to elucidate the relationships
of T. evansi stocks from different hosts and ﬁifferent geographical areas in Thailand. Infected
animal blood samples of T. evansi were collected and DNA was isolated prior to PCR
amplification by using two pairs of specific primers for 185 tDNA and ITS region. The PCR
products of 2,100 bp {18S rDNA) and 1,200 bp {ITS) in sizes were obtained. The nucleotide
sequences were analyzed and compared to 185 tDNA and the ITS region of the other
Trypanosoma spp. Maximum likelihood phylogenetic trees were constructed using Leishmania
gerbilli as the outgroup. The phylogenetic tree of 185 rDNA indicated that T. evansi stocks
used in this study were closely related to that of Taiwan stock and T. brucei. The ITS
phylogenetic tree showed some genetic variation among T. evans: from different animats. The
phylogenetic relationship of 185 rDNA and the ITS region indicated the variation of nuclectide

sequences among 1. evansi stocks in Thailand.
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CHAPTER 1
INTRODUCTION

Trypanosomes and trypanosomiasis have been discovered since the days of Antony
van Leeuwenhoek in late of the 17" century. In 1843, Gruby provided the generic name,
Trypanosoma, to parasites of amphibians. In 1878, Lewis discovered the trypanosome in
the blood of rats in India and was later named as T Jewisi (1). In 1880, Evans had
recognized the parasite that he discovered in the blood of Indian horse and camels suffering
from the disease Surra and later named Trypanosoma evansi (2) . The parasite was
pathogenic for domestic animals and this was the first indication that it was capable of
causing disease. Evans had described the clinical disease in a number of animals, the
gross pathology, transmission experiments and suggested that haematophagous flies
transmitted the disease from infected to clean animals. In 1895, Bruce reported that the fly
can act readily as a carrier of the Fly Disease from affected to healthy animals (3). The next
important discovery was made when Dutton found trypanosomes in the human subject, and
named the organism as T. gambiense {4). In 1909, Kleine discovered the pathogenic
African trypanosomes that undergo a definite cycle of development in the tsetse vector (5).

In 1972, Hoare stated that about 125 different species of trypanosomes had been
reported from mammals alone, and that they were distributed among about 400 species of
mammalian hosts belonging to 218 genera and 12 orders (6). Trypanosomes were recorded
to infect variety of the hosts such as rodents, bats, odd-toed ungulates, even-toed
ungulates, primates (including man), carnivores, edentates, marsupials, insectivores,
lagomorphs, elephants and monotremes. However, the trypanosomes apparently have not,
so far, been found in flying lemurs, pangolins, whales, seals, aardvarks, hyraxes and

sirenians.

Morphology of trypanosome
In 1972, Hoare described the morphology of trypanosemes in general, and discussed
the appearance of the various organelles of the parasite as revealed by light microscopy of

stained preparations and as sections examined under the electron microscopy (6).



Trypanosome identification has been based on the length of the body plus the
length of the free flagellum, if present, and on the general morphology of the parasite. The
identification demands the investigation of the organism concerning the important points
such as the size, shape (round, oval, rod-shaped) and position (terminal, marginal, and
subterminal) of the kinetoplast; the point of emergence, direction, convolutions (absence or
presence} and length of a free flagellum; the size, shape and location of the nucleus within
the body of the trypanosome; the shape of the posterior end of the organism (drawn out,
beaked, pointed, obtuse, rounded etc.); the absence or presence of vacuoles and granules
and their location, staining reaction and size in the body; the body width (slender, broad);
the general appearance (long and slender, short and squat, blade-like, leaf shaped, straight,

undulating ‘C’ shaped etc.).

Electron microscope appearance of trypanosomes

Studies on the morphology of trypanosomes with the aid of the electron microscope
(EM) were achieved by Clark and Wallace (7), Rudzinska and Vickerman (8), Vickerman
(9-12) and Vickerman and Tetley (13, 14} and others (Figure 1). The following brief

description was based largely on the work of these investigators.

Attochmerd sxrfoce

Residual body

Flogellor pochet

Kinatoplost

Plusmoneme

Figura 1 Morphological features of trypanosome revealed by the outline diagram (14).



Plasma membrane
The ‘skin’ of the trypanosome referred to as the plasma membrane,
plasmalemma, or pellicle is a unit membrane about 2 to 4 nm in thickness with maintains
the organism’s shape. Beneath this membrane, there are cortical or pellicular microtubules
sometimes thought of as the cytoskeleton that maintains the elongated shape. Bloodstream
forms or forms suitable for development has been shown to be a glycoprotein responsible
for variable antigens.
Flagellum and basal body
The flagellum serves to both propsl the trypanosome and to provide attachment
to other surfaces. It emerges from a flask-like pocket situated at the origin of the flagellum.
It begins as a complicated structure called the basal body, or kinetosome, which of the
flagellum has a typical arrangement of 9 outer microtubules in doublets and 2 inner
separated microtubules. The lining of the flagellar pocket is modified for the intake of
nutrient material, and it is capable of pinocytosis. Small pinocytic vesicles become pinched
off and enter the cytoplasm where they are digested by lysosomal enzymes. The digestion
products and other may be discharged into the flagellar pocket by exocytosis where they
are seen as residual bodies which leave the pocket as streamers.
Kinetoplast
The kinetoplast is readily seen in kinetoplastic forms of trypanosomes. It
sometime may be inapparent in dyskinetoplastic forms {e.g. so-called T. equinum) and is
located close to the basal body. A capsule surrounds the kinetoplast that is continuous
with the mitochondrial membrane. The kinetoplast looks like a coiled spring and it
contains the kinetoplast DNA (k-DNA) that is a slightly concave disc shape. The
mitochondrion shows typical cristae on the inner membrane and it is capable of undergoing
great changes during the different stages of development of the parasite. The
mitochondrion is the organelle of respiratory activity and its function changes depending on
whether the parasite is in the fly or in the bloodstream. In the bloodstream forms, the
mitochondion is a simple tube with very few cristae while it is expanded more branched
and cristae are abundant in the midgut of the fly as the procyclic trypomastigote. At the

metacyclic stage, it again becomes tubular and the cristae are reduced.



Nucleus

The nuclear material is surrounded by the envelope consisted of two membrane
layers. The envelope contains nuciear pores that allow the communication between the
cytoplasm and the inner contents of the nucleus. Chromatin is seen in clumps attached to
the nuclear envelope. The nucleolus is centrally placed.

The outer membrane of the nuclear envelope is continuous with a system of
cistemae and tubules (endoplasmic reticulum) that is also associated with the golgi
apparatus, subpellicular microtubules and the mitochondrial network. It may be smooth, or
granular with ribosomes in the latter case. Ribosomes are concerned with protein synthesis.

Golgi apparatus

The golgi body lies between the nucleus and the flagellar pocket. It appears as
a stack of flattened membranes and can produces the surface cote of trypanosomes. It also
produces enzymes which are contained in the lysosomes and which are secreted into the
flagellar pocket.

Filopodia

Filopodia-like, plasmanemes or micronemata are sometimes seen by light
microscopy orf in electron microscope photomicrographs. They are fine filaments arising
from the surface membrane or flagellum. Their true nature is not well known, but it seems
that they are antigenic.

In 1907, Lingard provided the measurement data for T. evansi in the blood of cattle
(Table 1) (15). He also noted that paroxysms lasted about 5 days and that the parasites
increased in length from the early stages of a parasitaemic peak, from 26.8 mm to 30.4 mm

and then decreased as the peak diminished.

Table 1 Biomeasural data for T. evansi in the blood of cattle {15).

Posterior Kinetoplast Nucleus | Nucleus to Free Width Total Length
end to to nucleus Anterior Flagellum
kinetoplast
20 Um 7.3 Um 26 Um | 116 kUm 43 Um | 16 Mm 27.9 hm
(0-3.3) (6.0-9.0) (20-33) (8.2-16) (1.3-1.6) {19.4-35.3)




In 1956, Hoare carried out biometrical studies on 22 populations of T. evansi from 6
species of mammals from 15 locations in the Old World and found that the mean lengths
varied considerably varied from 20 mm to 27.4 mm whereas the length distribution curve for
2500 trypanosomes was normal and ranged from 15 mm to 33 mm with mean value at 24

mm (16-18}. These data were corresponded to those reported by Bruce (19).

Classification

The classification of trypanosome was introduced by Hoare {6, 20} and that offered
by Molyneux and Ashford (21) differ. Hoare and Wallace produced a suggested terminology
for the various stages encountered (22). The position of the kinetoplast and point of
emergence from the body of the flagellum was used for distinguishing of trypanosome and
called ‘Mastigote’ (from Greek = whip} that was used in combination with appropriate
prefixes (6). Five characteristics of mastigotes have been proposed and defined. The first
characteristic was 'Amastigote’ which formerly referred to as the leishmanial’ stage. They
are rounded or oval bodies. A nucleus and kinetoplast may be distinguished but evidence
of a flagellum is seldom observed. The second groups named ‘Sphaeromastigote’ that is
similar to the above but a short flagellum may be distinguishable. The third characteristic
represents ‘Promastigote’ which was formerly referred to as the ‘leptomonad’ stage. The
body is elongated and the kinetoplast is located between the nucleus and the anterior end.
The flagellum emerges from the anterior end of the body. The forth set is indicated as
‘Epimastigote’ to which formerly referred as the ‘crithidial’ stage. The body is elongated
and the nucleus and kinetoplast are in close apposition usually in the posterior portion of
the body. The flagellum emerges from the side of the body and runs forward along an
undulating membrane. The last characteristic is focused on "Trypomastigote’ that formerly
referred to as the ‘trypancsome’ stage. This is the form seen normally in blood films of
infected animals such as the body is elongated, the kinetoplast is situated in the posterior
end of the body at some distance from the nucleus, the flagellum emerges from the side of
the body and passes forward along the edge of the undulating membrane to end at the
anterior tip, or continue as a free flageltum.

In 1964, Hoare recognized that the mammalian species of trypanosomes fell fairly
naturally into two sections depending on their development in the vector and in the
mammal {23}, He suggested the rather descriptive names: Stercoraria and Salivania for these

sections. The section Stercoraria contains genera in which the parasite completes its



developmental cycle in the ‘posterior station’. The metacyclic, metatrypanosome, or
infective stage for the host mammal, appear in the faeces of the vector and transmission is
by the contaminative route. A free flagellum is always present in these trypanosomes. The
kinetoplast is large and situated some distance from the posterior end that is generally
pointed. Reproduction in the mammal is discontinuous and usually takes place in the
amastigote or epimastigote stages. The section Salivaria contains geneta whose
development cycle in the vector is completed in the ‘anterior station’ in the salivary
medium, and transmission from vector to host occurs by the inoculation of the metacyclic

stage.

Trypanosoma evansi Balbani 1888 and its epidemiology (24).

The geographical distribution of surra caused by etiological agent, T. evasi, is very
extensive and includes vast areas in the New and Old Worlds (Figure 2). The disease
ranged from the Western Hemisphere in the section on American Surra to the Eastern
Hemisphere in the westernmost parts of Africa until the east of Philippines. In Africa, it
occurs in regions around the Sahara Desert, in west, north and east Africa. In the south of
the Sahara, it almost merges with the northern limits of the Tse-tse fly areas. In the
Arabian Peninsula, surra occurs in Saudi Arabi, Yemen, the Sultanate of Oman and the
United Arab Emirates. In the near and far east, it exists in Turkey, Lebanon, Israel, Syria,
Jordan, Iraq, Iran, Afghanistan, Pakistan, the central Asian Republics of the USSR, India,
Myanmar, Malaysian Peninsula, Indo-China, southern China, the islands of Indonesia and
Philippines including the islands of the Indian Ocean such as Mauritius and Reunion.
Throughout much of this area, camels are commonly found and are infected where as they
are rare or non-existed in the other regions. The disease tends to be restricted to the other
ruminants such as cattle and buffaloes. It is severe in equines wherever it occurs and they
probably play a minor part in the maintenance and transmission of the parasite for
ruminants. In all areas where surra is a problem, biting flies of the family Tabanidae are

prevalent.
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Figure 2 Geographical distribution-animal trypanosomiasis (5).

In Thailand, T. evansi are widespread where they cause considerable loss in
productivity in domestic animals, such as horsed (25), beef cattle (26), dairy cattle (27),
buffalo (28-31), and sow (32). Mechanical transmission of these vigorous spindle-shaped
protozoa in the blood stream occurs by blood-sucking flies, such as the horse fly (Tabanus
spp., Haematopota spp.), deer fly (Crysop spp.} and stable fly (Stomoxys spp.). Due to these
various vectors, the protozoa spread rapidly and can lead to outbreaks in endemic areas.

A number of factors can influence the number of parasites found in the peripheral
blood of the infected animals and these vary from host to host. Animals which recover from
an acute disease are often clinically normal with a low number of circulating trypanosomes.
Chronic infection can also be characterized by sub-patent or low parasitaemia, and an
increase in parasitaemia can take place following stress-induced immunosuppression.
Additionally, low parasitaemia can also be due to the localization of parasites in tissues or

as a result of the dynamics of antigenic variation.

Life Cycle of T. evansi
T. evansi life cycle is similar to the cyclic developmental of T. brucei in Tse-tse fly.
The cycle of T. evansi started from mammals being infected by a bite of insect vector.

After sucking the blood, the insect vector split saliva through the stylum (mouth part which



extended out like a tube) in order to clean it. Then 10° cells of metacyclic from were
injected into the host skin. In a few days, trypanosones proliferated and transformed to
long slender blood stream form. Size of long slender form is 12-20 x 1-3 mm. It multiplied in
mammals with generation time of 6 hours and the antigeric variants would appear with
frequency of /10110 (F igure 3). They have no antigenic determinants in common with
their ancesters and thus called ‘antigenic variation” so it will be able to escape immune
response of host and built up new parasitemia wave (parasitemia = number of parasites per
ml of blood). When parasitemia wave declined, the morphoiogy of wrypanosomes changed
to short stumpy form and reduced growth in mammals but increased in infectivity to insect
vector. When the infected blood transferred from multiplied in flies mid-gut epimustigotes
stage. This stage muitiplied extensively in order to terminate maturity metacyclics.

Metacyclics are infective to marnmals.

Mammal Tse-tse fly
. African
i\\.\\
i? il J Trypancsomes
(\'W. . > i« (] u > ¢ . vp
L > (o C: > C ¥ L &
G © e A D
Blood stream Mid gut Salivary gland
"é ¢ b‘ If: @ Other blood sucking insect T. evansi
L ) : Mouth part contamination
Proliferation —

Figure 3 The diagram of stages in life cycle of African Trypanosomes and the diagram of
T evansi in blood stream and in blood sucking insect other that Tse-tse fly, without
developing the cycle in insect vector. The pathway of T. evansi life cycle indicated in

black arrow separately from the main pathway (33).



In T. brucei, genetic exchange has heen showed to occur during passage of
mixture of trypanosomes through Tse-tse fly. Apart from this cyclic transmission, T.
brucer's mechanical transmission can occur through bite of insects and thus they constitute
an animals reservoires for it. On the other hand, T. evansi has no evidence of the cyclical
development in insect vector. It transmits mechnically through them. The most important
T. evansi vectors are the flies of Tabanus spp. and the number of blood sucking insects of
Stomoxys spp., Haematopota spp., Chrysops spp. and Lypercsia spp. That is way in the
monsoon season, there are increasing incidences of ‘Surra’ associated with the number of
insects.

Host range of T. evansi

Among the domestic animals, T. evansi cause the disease sumra in horses,
donkeys, mules, the Indian elephant, cattle, buffaloes, sheep, goats, dogs and cats (Table 3).
Among them, equines and horses are most severely affected followed by mules and
donkeys. The disease may be serious in working Indian elephants (Elephas maximus).
Cattle and buffaloes are frequently susceptible with natural infections, but the course of the
disease is often undetected. In contrast, there are reports of heavy mortality of these
animals in certain areas, particulatly in the Far East and Southeast Asian. Sheep and goats
are seldom reports to be naturally infected although they can be infected readily by
inoculation of infected blood. Dogs are highly susceptible and usually die after a brief
period of illness. There are very few reports of surra in cats, although they are highly
susceptible to experimental infections. The disease in the camel is usually chronic and the
mortality is extremely high. Some acute cases are also reported, but they are quite rare
(Table 3).

Most of the commonly employed laboratory animals are susceptible to infection
with T. evansi, but the infection is usually more acute in the small rodents, than in rabbits
and guinea-pigs. There are numbers of animals have been reported as both naturally or
experimentally susceptible to infection with T. evansi that illustrates the extremely broad

host range of the surra parasite.
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Table 2 Animals that have been reported as both naturally or experimentally susceptible to

infection with T. evansi (6).

Natural Infections Experimental Infections
New world
deer Odocoileus virginianus) agouti (Sometimes resistant)
capybara (Hydrochoerus hydrochoerus) armadillo, bats {various)
wild dogs (Canis azarae) coati, deer (Mazama sp.)
ocelot (Felis pardalis) monkeys (various)
vampire bats {Desmodus rotundus) mongoose (Herpested palustris)
howler monkeys (Alouatta sp) opossum
Qld world porcupine
antelope (Saiga tatarica) collared peccary
deer (Muntiacus, Axis, Cervus, Capreolus sp) sloth
wild sheep (Ovis ammon) wild rats
tapir (Tapirus indicus) wolves
foxes (Vulpes sp)

Transmission of surra

There is little dispute today that surra is nommally transmitted from infected
animals to clean animals by mechanical transmission involving bloodsucking Diptera,
particularly members of the Tabanidae (Figure 4.1 and 4.2). In 1880, Evans that a tabanid
was involved in the transmission of surra in India {(2). In 1899, Lingared demonstrated that
the ‘body fluids’ of certain flies, after sucking the blood of infected animals, contained
trypanosomes in varying numbers causing the infection in healthy animals {34).

There are numerous reports in the literature of attempts to transmit T. evansi
by various bloodsucking arthropods (35-38). The haematophagous Diptera, most frequently
mentioned as mechanical vector of surra, are the Tabanidae and stable flies, Stomoxys
species. It should be noted that both male and female Stomaxys are blood-suckers while
only the female tabanids take a blood meal and also that the life cycles of these two groups
of flies are quite different (39). In 1909, Leese had reported that haematophagous
arthropods are the potential vectors of surra under natural conditions (40). This griup

contains mosquitoes (Anopheles, Culex, and Stegomyia), sand-flies (Phlebotomus spp.), lice,
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ticks (Hyalomma aegyptium, Rhipicephalus spp. and Haemaphysalis bispinosa), Tabanus
spp., Haematopota spp., Chrysops, Stomoxys, Lyperosia and Hippobosca maculata. In
addition, the vampire bat was also reported as it was capable of transmitting T. evansi from
infected to clean animals (41, 42).

In the case of mechanical transmission by biting flies, the trypanosome is
passed from infected to clean host by infected blood in, or on, the mouth parts as the fly
moves from one animal to another between interrupted bleod meals. The parasite survives
for only a short period of time on the contaminated proboscis, and probably undergoes
limited multiplication.

Tabanus spp. fed on the horse, ox, buffalo, camels, elephant and man (43). In
the horse and camel, alarm is shown at its approach and the animal does its best to.
dislodge it. This causes the fly to go readily from one animal to ancther in a short space of
time. It hites anywhere on the body but favors the belly, legs and sheath. Blood exudes
from the seat of puncture. Its favorite times of biting are 5 to 830 AM and 4 to 6 PM. It
generally rests in the middle of the day during the great heat.

Haematopota bites the horse, ox, buffalo, camel, elephant, and also man (40, 44-
47). Their approach to animal causes no alarm, but when it bites, attempts are made by the
victim to dislodge it. Camels, which have only a short tail and a poorly developed
panniculus muscle, suffer severely and attempt to defend themselves by kicking, biting and
rolling on the acquire a full blood meal, and so may attack several animals. Their favorite
times of feeding coincide with those of Tabanus, but may also bite after dark. The smaller
species may appear in swarms during the rainy season.

Stomoxys bites the horse, ox, buffalo, camel, dogs and man (2, 48-50). It may
bite at any time of the day, but is particularly active from 4:30 PM to dusk, It bites on any
part of the body, but particularly on the legs below the carpus and hock. It is not located
particularly near water since it breeds in manure. Although it will enter a stable to obtain a
blood meal, it prefers to feed in the open. The movement of horses’ tails, feet, head and
skin disturbs their feeding and when the animals are in groups there is movement of flies
from one animal to another.

The vampire bat is a nocturnal feeder and gently rasps the skin of its victim
with its razor-sharp incisors until blood cozes from the wound, Anticoagulant in the bat's
saliva prevent the blood from clotting, and the bat laps up the blood with its tongue. The

digestive tract of the vampire bat is adapted to the rapid digestion of blood which is its
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only source of sustenance and appears to allow the ready passage of trypanosomes both
into the circulation of the bat which becomes infected and develops a parasitaemia, and
the movement of the parasites from the bat’s blood into the saliva at a subsequent feed.
The parasite thus multiplies in the bat host, but dose not undergo a cycle of development
as it would in a true intermediate host. Bats may succumb to the infection, to survive and

recover.

Figure 4.1 Horse Fly - Tabanus atratus (51) Figure 4.2 Deer Fly - Chrysops discalis (52)

Clinical manifestation of the trypanosomiases in domestic animals

There are many specific trypanosomes since each species of trypanosome may
infect several species of animals with the different effects and degrees of severity (Table 2).
The clinical signs vary in different mammalian species such as trypanosomiasis in the
domestic horse is caused by T evansi. The disease is characterized by massive
parasitaemia and lead to death within a period of 24-72 hours. The same trypanosome in
the sheep causes a mild disease from which the animal may recover spontaneously.

The disease may be acute, or sometimes more chronic in horses. Generally, the
onset of fever and parasitaemia are found. Respiration rate increases with pyrxia, the
animal often takes 7 or 8 short, repid breaths, followed by a sonorous one. Breathing is more
abdomonal than thoracic. Evidence of jaundice appears early and remains relative constant.
Although lymphadenopathy is general, the superficial lymph nodes in the horse are not
easily palpable, with exception of the submaxillary nodes which may be swollen and tender.
Oedema is evident as plaques on the ventral surface of the body over the sternum swelling

of the sheath (prepuce) in horses and in the under of the mare and a hydrocoele in the
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stallions were observed. The legs are swollen particularly hetween the carpus and hock

and the fetlock and the swelling pits on pressure being applied. The blanched appearance

of all mucous membrances provides clear evidence of the severe anaemia. Death often

comes suddenly and quietly, or there may be some signs of delirium, but generally the

animal is too weak to rise in the terminal stages (5).

Table 3 Susceptibility of animals to Salivarian Trypanosomes (5).

Animal T. vivax T. congolense T. simiae T. brucei T. evansi T. suis
Horse * OI *kk * R &k R *kk o
Donkey * gr *r* * R * % ® -
Caﬂle] * 01. ko * * 0[ dr ki *kk *Fk Kk .
Zebu - . R o % R
West African ** ** R wox - -

dwarf cattle
Sheep *x * *k * * R
Goat * k% * *kk * * R
Plg R * *hkkFrd * *okk *% %
Dog R *short/***long R i *x -
Rabbit Ror* * Ror* i o --
Monkey R Ror ** R or **** il - --
Chimpanzee -- i - e - -
Rat R R or *** R *hk o REEN - _
MlCe R R or LS5 R drdked Or *dkkok EX S —

= virulent **** = peracute *** = acute ** = chronic

* = mild

- = not well know

that may affect the clinical signs.

R = Refractory

The pathogenicity of strains (demes) within a species is another variable character

Such differences in biclogical characters, in

morphelogically identical trypanosomes, have sometimes resulted in their being accorded

independent species status.
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One of the most important factors that must be considered is the relative
susceptibility of different breeds of animais. This is particularly evident in cattle where
great variation in the susceptibility of breed is observed. For example, the Zebu cattle of
West Africa are much more seriously affected by trypanosomiasis than the dwarf breeds
such as the N'dama and Muturu. In East Africa, pure-bred and grade animals react to
trypanosome infections quite differently from indigenous cattle.

The clinical manifestations of trypanosomiasis in animals may he greatly influenced
by a number of other factors such as the staie of nutrition, the occurrence of intercurrent
bacterial, viral and helminthic infections and stress due to vaccination regimens, trekking,
thirst and temperature changes. The numbers of metacyclic trypanosomes introduced into
the animal body in any unit of time, is also an important facter in the character of the
resultant infection.

According to the clinical manifestation trypanosomiasis may be described as it
occurs in groups of related animals. The disease in horses, donkeys and mules may be
described as equine trypanosomiasis. Similarly, sheep and goats form another natural class.
Cats and dogs may also be grouped but as cats are seldom naturally infected, and in any
case have no commercial value. Some authors group animals as above and then give
consecutive descriptions of the disease caused by each trypanosome species.

Pathology and Pathogenesis

In 1880, Evans observed the leukocytosis in T. evansi infected animals since
there was a remarkable increase in the number of the large granular white corpuscles (2).
In 1893, Lingard provided a number of observations on post-mortem changes seen in
animals dying of surra (15). The observation of heart revealed that myocardium was
somewhat abnormal being pate and flabby, and in a state of fatty degeneration. Small
ecchymoses were seen under the pericardium, sometimes seen as extravasations. Similar
haemorrhages were observed in the endocardium. Fat was replaced by gelations
exudations (2, 53, 54). There was little change in lungs as well as kidney, bladder,
pancrease were fairly normal. The enlargement was observed in lymph nodes, liver and
spleen. Oedema in the brain and spinal cord were observed (24). The gross pathology is
very similar to that seen in animals dying of T. brucei infections. Laterly, in 1967, Nadim
and Soliman reported decreases in erythrocyte counts, haemoglobin concentrations,
lymphocyte and basophile counts (55). They noticed the increase in neutrophile,

eosinophile and monocyte percentages in natural infections in camels. In 1971, Jatkar and
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Purohit had infected 20 camels with T. evansi and compared blood values with 20 normai
animals {566). They found that packed cell volumes, red ceil counts and haemoglobin values
dropped in the infected animals but there were increase in the total white cell count,
sedimentation rate and reticulocyte counts. They concluded that the anaemia was
macrocytic and was due to the destruction of erythrocytes, and not to depression of bone
marrow function. Macrocytes, normoblasts and occasional erythroblasts were observed in
blood films.

Diagnosis

Since many animals harboring T. evansi may have parasites in their peripheral
blood only sporadically and in relatively small numbers, a single or even several,
examinations may fail to reveal the parasite in thick, thin or wet blood films. Nevertheless,
thick and thin blood films are always made. Alternalively, centrifugation techniques are
useful for concentrating trypanosomes in the buffy coat using phase-contrast or dark-field
illumination (57} as well as the mini-anion exchange chromatography technique (58) is also
utilized.

Basically, the inoculation of small laboratory rodents with blood from animals
suspected of being infected with surra is an extremely sensitive method for revealing
trypanosomes. Godfrey and Killick-Kendrick found trypanosomes in twice as many camels
by this technique as they did by blood film examination (59), and Pegram and Scott
concluded that it was the best method of detecting surra in camels in Ethiopia (60). A
valid objective to this method is the relatively long delay between obtaining blood from the
animal being tested and final diagnosis.

In 1978, Luckin and colleagues introduced the application of serological tests for
the diagnosis of infections with T. evansi (61, 62). The principal of serological tests for
trypanosomiasis was the detection of antibody that was produced in response to antigens
emanating from pathogenic organisms in the animal's body. However, such antibodies in
the serum might indicate that the animal was exposed to a parasite that failed to estabiish
itself or that the animal is currently infected or that the infection has occurred in the recent
past but may now be cured. They also showed that antibodies might persist in detectable
quantities for up to 100 days, or more, after successful treatment of T. evansi infections. In
1960, Weitz pointed out that the cell-free serum of trypanosome infected animals was a

source of antigens, which he referred to as exo-antigens {63, 64}). In 1984, Rae and Luckins
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had altered the micro ELISA test to detect antigens instead of antibody. The test therefore
indicates active infection in the animal (65).

Recently, a number of sensitive and specific techniques have been applied in
the investigations of T. evansi epidemioclogy such as DNA hybridization (66) and PCR-based
methods (67). The development of a reliable and sensitive method for parasite diagnosis
and characterization is necessary for proper understanding of the epidemiology of T. evansi.
Such understanding is as important requirement in designing rational trypanosomiasis

control programs.



CHAPTER 2

LITERATURE REVIEW

Trypanosoma spp. consists of a large group of obligated flagellate blood parasites
that infect members of every vertebrate class (6). Members of this genus are almost always
vectored by blood-sucking invertebrates, primarily arthropods for species infecting marnmals
and birds and primarily hirudinean annelids for species infecting poikilothermic vertebrates.
However, little is known about the life cycles and development of the nurnerous
trypanosome species infecting the latter hosts.

Traditionally, all trypanosome species descriptions have been based on
morphological description of bloodstream trypomastigotes and morphometric parameters
consisting of total body length, including free flagellum, posterior to anterior length,
posterior to kinetoplast length, nuclear dimensions and relative positions of nucleus and
kinetoplast. Unfortunately, such descriptions for most species are often confounded by
extreme morphological variability, the occurrence by extreme morphological variability, the
occurrence of morphologically indistinguishable species in diverse host worldwide, the lack
of complete life-cycle descriptions and host-specificity data, or the likelihood that a single
species could contain stages resembling those of two or more other regarding the taxonomy

of trypanosomes and much confusion in the literature (68-72).

Speciation of polymorphic trypanosomes

The African trypanosomes that cause so-called 'Sleeping Sickness’ in the man are
T. gambiense, the protozoal agent of the Gambian or chronic from the Rhodesian or acute
form of the disease in eastern Africa. A third species of the subgenus Trypanozoon, T.
brucei, is found extensively in domestic and wild animals in whom it causes the disease
Nagana. These three trypanosomes are virtually morphologically indistinguishable. Their
cycles of development in the tsetse fly, Glossina, are identical. Their basic biochemical and
immunogenic properties overlap to a large degree as well as their responses to
chemotherapeutic agents are very similar. They differ in certain biological properties such
as host range, host-parasite relation, susceptibility of development in vector, geographical

distribution and certain ecological features. Man is refractory to infection by T. brucei
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while all three can infect and cause parasitaemia in a wide range of domestic and wild
animals.

The Blood Incubation Infectivity Test (BIT) is performed differentiate hetween the
polymorphic trypanosomes that are probably infective for man, and those which are not
{73). Iscenzyme studies have been used as the indicators for differences exist between
strains of congolense organisms, but these have not been related to the biological
differences. Such relationships can only be made on organisms isolated from naturally
infected normal host animals.

Isoenzyme analysis has widely been used to group morphologically similar or
identical form in a variety of parasitic protozoa, especially among the trypanosomes (74-77).
In Africa and the area nearby, it is highly probable that surra spread very widely thorough
the camel that act as the infection reservoir and tabanids playing the role of vector. It is
difficult to assess the value of attempts to characterize different T. evansi stocks. In 1978,
Gibson and co-workers (78, 79) compared ten isolates of T evansi based on isoenzymes,
soluble proteins, polypeptides and free amino acids. There were no differences between
the isoenzymes of the different isolates. However, they reported differences within the
species in isoelectric points, in polypeptide sizes and in the free amino acid contents.

Results from isoenzyme analysis of T. evansi strains isolated from Asia, West Africa
and South America indicate that the majority of T. evansi strains worldwide have a single
origin (74, 75, 80). Results from biochemical and molecular studies on T. evansi support the
idea that T evansi may belong to the same species. Twelve strains of T evansi from
China were investigated for 16 enzymes using cellulose and thin-layer starch gel
electrophoresis. Differences between strains were observed in only two of the 16 enzyme,
ie. in malate dehydrogenase (MDH) and alanine aminotransferase (ALAT). These results
indicate that T. evansi from China form a homogeneous group with T evansi strains from
other parts of the world (76). More recently, analysis of small or large subunit ribosomal
RNA sequences (81-83), Restriction Fragment Length Polymorphisms (RFLPs) in DNA (84-
89), ribosomal DNA restriction (90), the polymorphisms of PCR amplification products (91,
92) and molecular karyotypes (76, 93, 94) have been successfully used in distinguishing
morphologically simiiar protozoa.

With the exception of a few studies (71, 95-102), the taxonomic relationships among
the trypanosomes are poorly known. Morphology often does not provide a clear means of

distinguishing trypancsome species. Furthermore, with respect to the characterization of
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trypanosomes by host specificity and by ultrastructural, biochemical and biological means
as previously mentioned, it is clear that the genetic diversity of trypanosomes is not well
reflected in their gross structure. The current system of trypanosome taxonomy does not
properly address the species diversity of properly reflect the phylogenetic relationship

among these parasites.

Molecular techniques for phylogenetic studies

A number of genes with fundamental biochemical functions are found in all species
and they were sequenced, aligned and analysed to study phologenetic relationships among
morphologically indistinguishable (103). This entire of applications, from the origin of life to
relatively recent evolutionary events, has been addressed by studying the ribosomal RNA
(rfRNA) genes and their associated spacer regions, collectively calles ribosomal DNA (104, 105).
Some properties of IDNA are so sufficiently distinct from other molecular sequences that a
number of special considerations are necessary or desirable when considering the use of tDNA
in systematic studies.

Several distinct rRNAs combine with ribosomal proteins to form ribosomes, the
organelles that direct protein synthesis from messenger RNA. Ribosomes are composed of two
major subunits, each with distinct TIRNAs and ribosomal proteins. The small ribosomal subunit
contains a single type of rRNA and about 20 proteins in prokaryotes or 30 proteins in
eukaryotes. The large ribosomal subunit contains two (prokaryotes) or three {eukaryotes) rRNAs
and about 30 (prokaryotes) to 40 {eukaryotes) ribosomal proteins. A single copy of each of the
proteins is present per ribosome. Because protein synthesis is a prerequisite for life, ribosomes
{(and hence rRNAs) are universally present in living systems.

The rDNA array of a eukaryotes nuclear genome typically consists of several hundred
tendemly repeated copies of the transcription unit and nontranscribed spacer (Figure 5) (106).
The number of copies of this transcription unit, however, may be as few as one (107), or as
many as several thousand (108). In prokaryotes, there are one to several copies of the tRNA
genes and they may be either organized in a single operon (in which they are usually separated
by tRNA genes) or they may be dispersed throughout the genome (109-111). There are usually
three or four distinct nonorganellar IRNAs in a species (106, 112) which are often characterized
in sedimentation velocity units “S” (Svedburg). Firstly, a large subunit tRNA, which ranges in
size from 16S (approximately 1,500 nucleotides) in most prokaryote genomes, and up to 285

(over 4,000 nt) in eukaryote nuclear genomes (113, 114). Secondly, a 5.8S rRNA (~160 nt) in
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eukaryotes, which is derives from a part of the 23S 1RNA of prokaryotes {115-118) and is still
structurally and functionally closely related to the large tRNA.  Thirdly, a small subunit tRNA,
which ranges from 125 (~900 nt) in vertebrate mitochondria to 165 {~1500 nt) in prokaryotes
and up to 18S (~1800 nt) in eukaryotes (119-121). Lastly, a 55 rRNA (~120 nt), the gene of
which is closely associated with the other rRNA genes in many prokaryotes but is found
elsewhere in the nuclear genome of most eukaryotes (122). Although these are the most
common themes, numerous variations have been discovered (123, 124). The large and small
subunit rRNA genes of chloroplasts and mitochondria are more similar to those of their
eukaryotes hosts (1256-131).

In eukaryote, two intemal transcribed spacers (ITS-1 and ITS-2) separate the 185,
58S and 28S gene {or their homologs) and an external transcribed spacer (ETS) is located
upstream of the 185 gene (Figure 5). The transcribed spacers contain signals for processing
the rBNA transcript. Adjacent copies of the IDNA Iepeat unit are separated by a
nontranscribed spacers (NTS), also called an intergenic spacers by some workers. This

region contains subrepeating elements that serve as enhancers of transcription (132-136).
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Figure 5 Structure of nuclear riboscmal DNA in eukaryote.



21

Structure and evolution of YRNA: Implication for phylogenetic analysis.

One of the reasons why rDNA is useful for phylogenetic analysis is that different
regions of the tDNA repeat unit evolve at very different rates. Thus, regions of tDNA arrays
that are particularly likely to vield informative data for almost any systematic question can be
selected for analysis. In addition, the islands of highly conserved sequences within most rRNA
genes are very useful for constructing ‘universal” primer that can be used for sequencing either
IRNA or IDNA from many species, for amplifying regions of interest by use of the PCR, or for
use as probes in restriction enzyme analyses (103, 137, 138). Although intraindividual length
heterogeneity causes problems for direct sequencing of amplified DNA in some regions of the
repeat, the amplified DNA can be cloned and sequenced relatively easily.

The process of choosing a region that is likely to be appropriate for a particular
systematic question is perhaps the most critical step in any phylogenetic analysis. If the region
chosen is evolutionarily too conserved (ie., the sequences are neatly the same in all study
taxa), then considerable time will be wasted collection invariant data. On the other hand,
regions that differ among taxa to the extent that alignments are difficult or questionable also
are unlikely to yield robust phylogenies (139). There are two reasons that highly divergent
sequences yield less robust results. Firstly, the level of homoplasy {parallelisms, convergences
and reversals) increases as the probability for change at each position increases and secondly,
the number of possible alignment that are nearly equally good becomes prohibitively large.
Since alignment (positional) homologs is an assumption of the phylogenetic analysis, it is best
to delete from analyses any regions where the alignment is questionable {139).

The most studied rRNA is the small subunit nuclear gene, 163-185 rRNA. This gene
has been studied most extensively hecause it is among the slowest evolving sequence found
throughout living organisms, and has therefore been very useful for examining ancient
evolutionary events. In addition, the slow rate of change permits the construction of many
nearly universal primers, which facilitates sequencing efforts from groups that have not been
studied previously. Much of the gene is useful for comparisons among phyla of eukaryotes,
however, and some comparisons among eukaryotes and prokaryotes are possible. It has been
most successfully for reconstruction phylogenetic events from the Precambrian.

The large subunit (235-285) nuclear TRNA gene is larger and shows more variation in
rates of evolution of its different domains than does the small subunit. Although ancient
comparisons are also possible with this gene (140-142), it primarily has been used to examine

evolutionary events though the Paleozoic and Mesozoic (143-148). The large subunit tRNA

N .
hooayes
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gene has many divergent domains or expansion segments (149). So, the size of the gene varies
considerably among phyla (113). These divergent domains are useful for reconstructing
relatively recent divergented of the taxa.

The 58S tRNA gene of eukaryotes (and the corresponding region of the large subunit
gene of prokaryotes) is similar to the small subunit gene in its useful phylogenetic range,
although the shortness of the sequence limits its effectiveress in inferring phylogeny across
great time scales. [t shows very little variation in comparisins of taxa that diverged after the
Paleozoic (160). The 6S gene shows similar levels of variation, but it is even shorter than the
5.8S sequence (151). The shortness of the sequence greatly restricts its phylogenetic usefulness
{152, 153).

The mitochondrial rfRNA genes evolve much more rapidly than the nuclear tRNA
genes, and they can be used for most Cenozoic comparisons. They are easily amplified though
use of the PCR (137, 138). The spacer regions of iDNA arrays have been used less frequently
for phylogenetic studies (154-156), except in restriction analysies of entire IDNA arrays (105,
167-165). These studies have shown that the spacer regions can be used to infer phylogeny
among closely related taxa (taxa that have diverged within the last 50 million years). In
addition, variation in the spacer regions has been used to identify species or strains, to study
hybridization, and as markers in population genetic studies (148, 162, 166-171). Among the
spacers, the NTS evolves most rapidly (172), and the transcribed spacers are somewhat more
conserved (173-175). Amplification of the two internal transcribed spacers via the PCR is
facilited by conserved flanking regions of the 18S, 583 and 285 genes, so the use of these
spacers in studies involving closely related species is increasing.

Since the first broad molecular study of eukaryote evolution (176), phylogenetic analysis
of kinetoplastid flagellates has become successively more focused on studies concerning the
origins and evolution of parasitism and evolution of RNA editing (177-183). The initial tree of
Trypanosomatidae was constructed using kinetoplast ribosomal 95 and 125 rRNA sequences
(177, 178). This tree was rooted at the lineage of a monogenetic (single host} insect parasite
Crihidia, since no outgroup data was available at that time. On that tree, the digenetic (two
hosts) parasites Trypanosoma and Leishmania rtepresented the derived species. An
evolutionary scenario deduced from this topology was compatible with the previously proposed
notion that monogeneity in insects is a primitive state and digeneity in insects and mammals

is a derived state (184} (Figure 6 and 7).
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Dating the phylogenetic trees

Phylogenetic trees for trypanosomes are of interest for what they can reveal about the
evolution of parasitism and other characteristics, such as antigenic variation or sexual
reproduction, in the group. Interpretation of the tree in relation to other events on the
evolutionary time-scale depends on conversion of branch points into dates to estimate time of
divergence of different clades. The molecular clock approach {185) assumes that changes in a
given sequence accumulate at a constant rate, and thus that the difference between two
sequences is a measure of the time of divergence. From a post-genomics standpoint these
notions look almost quaint and, indeed, the approach has been amply discussed and criticized
over the years {186-188). Nevertheless, within given taxonomic groups and defined categories
of genetic marker, the concept of a molecular clock can provide a useful tool for dating
divergence. For example, using an estimate of 0.85% substitutions per 100 million years {my)
derived from rRNA analysis of Apicomplexa (189), the divergence of Salivarian trypanosomes
from other trypanosomes was dated at about 300 million years before present (mybp) (190).

A second way in which times of divergence can be estimated relies on congruence of
host and parasite phylogenies. Thus, parasite trees can calibrated by reference to know time
points within host phylogenies, which have been independently dated from the fossil record.

This assumes that existing associations between hosts and parasites reflect past associations.
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Figure 6 Phylogenetic relationships of the kinetoplastids derived from 185 rRNA
evolutionary distances produced by the Kimura 2-parameter correction model (191) and
constructed using the least-sequence (LS) and neighbor-joining (NJ) methods. The
consensus trees for 1,000 bootstrap resamplings of 185 tRNA gene sequences are
included as a percentage at the notes. However, when NJ bootstrap support value is
identical to the LS bootstrap value, only 1 value is show. Bootstrap values less than 50%
are indicated by an asterisk (*). Evolutionary distance is represented by the horizontal
component separating species in the figure. The scale bar corresponds to 5 changes per

100 positions {192).
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Figure 7 A maximum-parsimony tree of the kinetoplastids produced by the heuristic
search of PAUP and infected from complete SStRNA gene sequences using a bootstrap
resampling of the data set. The numbers at the nodes represent the percentage of times
the group occurred out of 1,000 trees. Branches with less than 50% bootstrap support
were collapsed. No significance is placed on the lengths of the branches connecting the

species. The consistency and retention indices were (.53 and 0.66, respectively (192).



26

Objectives
1. To det:rmine variations of T. evansi isolates [rom different geographical and different

host sprecies.

2. To stucly evolutionary relationship among T. evansi stocks isolates in Thailand.



CHAPTER 3
MATERIALS AND METHODS

Materials

Chemicals and reagents used in this study were listed below;

Chemicals and reagents
Absolute Ethanol

Agarose

Bacto agar

Bacto peptone

Boric acid

Deep-frozen tube

DE 52 DEAE cellulose
Deoxynucleotide triphosphates (dNTPs)
100 bp DNA Ladder

EDTA Na,.2H,0 Ultrapure
Glucose

Glyceral

Heparin

Hydrochloric acid (HCl)
Isoamyl alcohol

Kanamycin

Lambda DNA - Hindlll Marker
Magnesium chloride (MgCl,)
10x PCR Buffer

Phenol

Phencl/Chloroform/Isoamyl alcohol pH 7.8

Phospharic acid (H,PO,}
Proteinase K

SDS (Sodium dodecyl sulfate)

Brands
Merck
seaakemn
GibcoBRL
BDH
Merck
Nunc
Whatman
Gibce BRL
Gibco BRL
BSU

BDH
Sigma

Leo

Merck
Carlo erba
Sigma
Promega
Gibco BRL
Gibco BRL

Ultrapure

Research organics

Merck
BRL

Sigma



Sodium chloride (NaCl)

Sodium di hydrogen phosphate ({.2H,0) NaH,PO,.2H,0)
Sodium hydrogen phosphate {Na,HPO, H,0}

Thermus aguaticus (Tag) DNA polymerase

TOPO® XL PCR Cloning Kit

Tris (Tristhydroxymethy))

Tris-acetate EDTA buffer

Yeast extract

Merck
Univar
Merck
Gibeo BRL

Invitrogen
Serva
Sigma

(Gibco BRL

28
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Methods
Parasite collection

Infected animal blood samples of abundant T. evansi were collected from the
endemic area of Thailand. The sampies were collected from deers at Samut Prakan,
huffalos at Lad Kra Bang district of Bangkok, and cattles at Khai Bang Rachan district of
Sing Buri (Table 4). They were previously screened for T. evansi using the traditional blood
smear technique before undergoing the parasite infected blood. They were preserved in
the Phosphate Saline Glucose buffer (PSG) pH 80 (50 mM NaHPO,H,0, 2 mM
NaH,PO, 2H,0, 36 mM NaCl and 1.5% Glucose) and stored them in liquid nitrogen tank

(-196°C).

Table 4. Trypancsoma evansi isolates

Name Location Host Source
B15 Lad Kra Bang, Bangkok buffalos DNA
B17 Lad Kra Bang, Bangkok huffalos DNA
B18 Lad Kra Bang, Bangkok huffalos DNA
SAM Samut Prakan deer DNA
KAI Khai Bang Rachan, Sing Bur cattles DNA

Parasite infected blood preservation and isolation
T evansi from mouse infected blood was obtained from freshed cardiac
punctured. If samples came in the form of frozen samples, they should be passaged in
mouse before isolation.
Preservation of the infected blood samples
The hlood samples were preserved in the PSG buffer pH 8.0 and were
kept at -80°C or in liquid nitrogen tank (-196°C). Glycerol anhydrous was added to PSG
buffer to make 20% glycerol (v/v). The fresh blood with at least parasiternia of 10° cells/ml
was mixed at ratio 1:1 with 20% glycerol PSG buffer. Heparin was used as anticoagulant.
The mixture was mixed and made to aliquots of 400 LLI to 1,000 LI A deep-frozen tube

was used for preservation.
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Passage of parasite in mice
Blood samples were thawed at room temperature and then passaged w0
mice by using 1 ml tuberculin syringe and needle gauge No. 27. Blood smear was
examined every day starting from the third day after injectzon to monitor the parasiternia.
The rapid matching method
At the highest parasitemia (10° cells/mi) which is usually in the 3" -5"
day of injection, blood was withdrawn by heart puncture from enthernized mice. Three
mice were used for each sample to obtain at least 3 ml of total infected blood further for
isolation of parasites.
Parasite isolation
An anion exchange column (DE 52 DEAE celiulose) was used for
parasite isolation. The blood components were absorbed onto the DEAE cellulose, and the
parasites with lower negatively charge than the blood components were eluted.
Preparation of the DEAE cellulose column
Twenty five gram of preswollen DE 52 was suspended in 200 mi of PSG
buffer pH 8.0. The pH of the mixture was lowered to pH 8 with 1.4 ml of 25 N HCL The
pH of the column was very critical. It should be exactly 8 not more or less than 0.05. After
the exchanger was settled, fine parasites was removed, the supernatant fluid was discarded
and replaced with new PSG. The gel suspension was allowed to settle and pH of the
supernatant was checked. The equilibrated DE 52 could be kept at 4°C for 24 hows or in -
20°C and thawed if required. Plastic syringe was used as column. The flow rate of elution
was controlled by screw clip on tubing fitted to the syringe outlet. The column was packed
in the conventional manner. Sample of 3 ml blood was diluted to ratio 1.1 in cold PSG
buffer and 1-3 volume was loaded onto the packed DE 52 column.
Parasite isolation
The blood was applied on top of the column, then the outlet was
opened. When all the blood entered the absorbent, applied the buffer through the column.
When parasites passed through, the buffer turned turbid. The outlet elution was collected
until parasite fraction had ail come out. The better equilibrated column, the sharper the red

cell layer. The parasites were precipitated by centrifugation at 5,000 rpm for 10 minutes.
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Extraction of high molecular weight of DNA
Parasite DNA was then extracted by conventional phenol/chloroform which

responsed for deproteinization of the aqueous solution containing the desired nucleic acid.

Pellet of parasites was resuspended in 800 Ll of PSG. Then added 200 |l of 10% SDS and
DNA was released from the celis. Parasite lysate solution was clear and moved viscous.
One milligram of Proteinase K was added (final concentration was 1 mg/ml} and the
solution was incubated at 42°C for 15-18 hours.

For phenol extraction, it was easier to devide DNA solution into fowr
microcentrifuge tubes of 250 L. TE buffer was added equal volume to each tube and 500

LUl phenol/chloroform was added to the solution. Centrifuged to separated phases. The

upper aqueous phase was transfered to new tubes. The solution was then precipitated

with 2 volumes of absolute ethanol and kept at -80°C for 1 hour. The solution was
centrifuged at 10,000 rpm for 15 minutes. DNA pellet was collected, washed with 70%
ethanol, and redissolved in TE buffer. The DNA concentration was determined at 260 nmn
using UV Spectrophotometer. Molar extinction of DNA was performed as O.D. 260 nm 20 =
DNA conceniration of 1 mg/ml
Primer for PCR amplification

Two sets of primers were used for amplification of the regions encoding for
cytoplasmic 18S rDNA (Primer A, forward 5 AAC CTG GTT GAT CCT GCC AGT 3 and
Primer B, reverse 5 TGA TCC TTC TGC AGG TTC ACC TAC 3} and ITS region including
58S rDNA (Primer ITS/F, forward 8 GGT GAT CGG ACC GTC GCT CGT CT 3 and Primer
ITS/R, reverse 5 CCT CTT CGC TCG CCG CTG ACT G 3'). The primers were designed
based on the nucleotide sequence comparison of T. evansi for 185 1DNA, 5.85 DNA and
285 1DNA (accession number D89527) in GenBank database. The primers for PCR
amplification were synthesized from BSU (Bioservice Unit, Thailand). The PCR products of
2,100 bp and 1,200 bp in sizes were expected from PCR amplification of 185 rDNA and ITS
region, respectively.

PCR amplification

"PCR amplifications of purified DNA of blood samples were performed using
specific primer for each regions. All reactions were manipulated in 25 LU volume
containing 100-200 ng of genomic DNA samples. The 185 rDNA reaction contained 1X PCR
buffer, 1.7 mM of each primer, 200 mM of dNTP, 1.5 mM MgCl, and 3 units of Tag DNA



32

polymerase.  Sterile distilled water was used to make volume to 26 L. The PCR

amplification was performed using Peltier Thermal Cycler {MJ Research, PTC-200) for 30
cycles. Each cycle consisted of denaturation at 94°C for 1 minute, annealing at 37°C for 1

minute and extension at 72°C for 1 minute. The PCR amplification of ITS region contained

1X PCR buffer, 2 mM of each primer, 400 mM of dNTP, 6 mM MgCl, and 1.5 units of Tag

DNA polymerase. Sterile distilled water was used to make volume to 256 M. A PCR cycle

was performed using Peltier Thermal Cycler (MJ Research, PTC-200} for 30 cycles. Each
cycle consisted of denaturation at 94°C for 1 minute, annealing at 60°C for 1 minute and

extension at 72°C for 1 minute. PCR products were analyzed using electrophoresis in 1.2%
agarose gel at 110 volts approximately 35 minutes prior to staining by ethidium bromide
and the gel was observed under ultraviolet light.
Agarose gel electrophoresis

PCR products were electrophoresed in 1.2% agarose gel with a volume 50 ml in
1xTAE buffer (50 mM Tris-acetate, pH 8.0 and 1 mM EDTA). After heating to dissolve
completely, the gel was mixed with 50 ml of the 2 mg/ml Crystal Violet solution and was
poured onto the gel maker set and a comb of a desired thickness was placed at the top of
the it. After the gel became solid, removed the comb and transfered the agarose gel to the
chamber gel electrophoresis. DNA samples were mixed in a ratio of 4:1 with 6x crystal
violet loading buffer. The gel was run in 1xTAE buffer at a constant voltage of 80 volts at
room temperature for 40 minutes or until the crystal violet in the gel was run a quarter of
the way up the gel. The PCR product was visualized the thin blue band when the gel was
nning.

PCR product purification

The PCR fragments were eluted from the gels and were purified by using
TOPO® XL PCR cloning kit. The procedure of purification was performed according to the
instruction manual provided by the company. The DNA fragments were excised from the
agarose gel with a clean, sharp scalp. Gel products were bladed with razor on a UV light
box into small chunks and transfered to a microcentrifuge tube. The gel slices were
weighted in a colorless tube and added 2.5 volumes of 6.6 M sodium iodide to 1 volume
and mixed gels. The gel slices were incubated at 42°C until the gei was melted
completely. The mixture solution was added 1.5 volume of binding huffer and placed into a

sNAp™ purification column. The DNA was bind with the column, centrifuged at 3,000 g
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for 30 seconds (repeat 3 times), discarded flow-through and placed column back in the
same collection tube. Afser that, the DNA pellet was added with 0.4 ml of 1x Final Wash to
SNAP™ column and centrifuged at 3,000 g for 30 seconds (repeat 2 times). The DNA
pellet was recentrifuged at 10,000 g for 1 minute and column was placed onto a clean 1.5
ml microcentrifuge tube. The DNA pellet was eluted with 50 mi of TE buffer and
centrifuged the column for 1 minute at maximum speed. The products were analyzed
using electrophoresis in 1.2% agarose gel at 110 volts approximately 35 minutes prior to
staining by ethidium bromide and the gel was observed under ultraviolet light.
Cloning and Transformation

Ligation of PCR fragment and vector
The purified 200 ng of PCR fragment was further ligated to the PCR®-XL-
TOPO® vector using TOPO® XL PCR cloning kit. The reaction mixture consisted of 4 ml of
PCR product and 1 m! of PCR®-XL-TOPO® vector. The reaction was mixed gently and
incubated for 3 minutes at room temperature (25°C). The reaction was invalved of 1 ml of
6x TOPO® cloning stop solution for several seconds at room temperature. Then, the

reaction was placed on ice and transformed into E.coli (One Shot® TOP10 Chemically
Competent cells).
Transformation
Transformation was manipulated according to the protocols provided by the
company. Two microliters of the ligation product was added into a vial containing

completent cell, mixed gently and incubated on ice for 30 minutes. The mixture was heat-
shocked for 30 seconds at 42°C without shaking and chilled on ice for 2 minutes. Then,
the mixture was added with 250 LI of room temperature SOC medium (2% tryptone, 0.5%
yeast extract, 10 mM MgSO, and 20 mM glucose) and agitated at 200 rpm at 37°C for 1 hr.

Aportion of 50-150 [l from each transformation was spreaded on a pre-warmed LB agar
plate {1.0% trytone, 0.5% yeast extract, 1.0% NaCl and 15 g/l agar) containing 50 rag/ml
kanamycin and incubated overnight at 37°C.
Analysis of positive clones
The PCR analyzed positive transiormations was used to each PCR primer
specific region at same condition to PCR amplification. The colonies were selected for

colony PCR amplification. Multiple number of colonies were analyzed. The reaction was

incubated for 10 minutes at 94°C to until the cells were lysed and nucleases were
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inactivate. Colony PCR amplification was performed as previously described. For the
extension, the reaction was incubated at 72°C for 10 minutes and stored at 4°C. The PCR

products of positive clones were analyzed by loading 10 Ul volume of each reaction into
1.2% agarose gel and electrophoreses at 110 volts for approximately 35 minutes. The gel
was stained in ethidium bromide solution and observed under ultraviolet light. Positive
clones werte picked and transfered to a new LB-agar plate containing 50 mg/ml kanamycin
and kept as the stock before proceeding to DNA sequencing.
DNA sequencing

DNA sequencing was achieved by using Big Dye Terminator Cycle Sequencing
procedure and analyzed by using ABI PRISM 377 (Perkin Elmer). The 300 ng of sample was
used for PCR ampilification before proceeding to DNA sequencing using 25 cycles of
denaturation at 96°C for 10 secs, annealing at 50°C for 4 secs and extension at 60°C for 4
minutes. The sample was dissolved with dye and formamide solution. The nucleotide
sequence data was analyzed by using software of ABI PRISM Model 377 version 3.4. '

Detection of the nucleotide sequence data

The nucleotide sequence data was detected by input the data into BLAST
program from http://www.ncbinlm.nih.gov/BLAST. The nuclectide sequences of interested
gene fragments were compared with nuclectide sequences of various organisms that have
been previously submitted in Gene Bank. The percentage of nucleotide sequence homology
in comparison to various organisms was reported. Al sequence data were analyzed with
Clustal W sequence alignment program for The European Molecular Biology Laboratory
(EMBL, UK\ at http//www.ehiacuk/. All alignment data were inspected with sequence
data in GeneBank by PAUP program version 4.0 for explained evolutionary relationship of

T. evansi.
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RESULTS

T. evansi genomic DNA extraction

The genomic DNA of T. evansi was extracted from the blood of infected mouse
{described in Method 3.). Agarose gel electrophoresis was used to determine genomic DNA
before PCR amplification. A single band of a high molecular weight of more than 23 kb was

observed after ethidium bromide staining (Figure 8).

23130 bp ==

22000 bp =
3000 bp—

1200 bp e

500 bp =

Figure 8 Agarose gel electrophoresis of T. evansi genomic DNA.

Lane B = 100 bp marker Lane M = A Hind Himarker
Lane 1 = T. evansi genomic DNA from buffalo, B15
Lane 2 = T evansi genomic DNA from buffalo, B17
Lane 3 = T. evansi genomic DNA from buffalo, Bi8
Lane 4 = T. evansi genomic DNA from deer, SAM

Lane 5 = T evansi genomic DNA from cattle, KAI
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PCR amplification of T. evansi

The PCR amplification was performed and analyzed according to the Method 5.
Figure 9 showed that the PCR product of 2,100 bp in size was observed when primer A and
B were used for amplification of 185 rDNA from B18, SAM and KAl Similarly, Figure 10
showed the 1,200 bp PCR products of ITS region when primer I[TS/F and ITS/R were used.

3000 bp =
2000 bp =

1200 bp =

500 bp —

Figure 9 The PCR amplification profile of 185 rDNA from purified T. evansi DNA stocks
frorn buffalo (B18), deer (SAM), and cattle (KAD) using primer A and B. The PCR
product of 2,100 bp in size was observed on 1.2% agarose gel electrophoresis after
ethidium bromide staining.

Lane M = 100 bp marker
Lane N = Negative control
Lane 1 = PCR preduct of B18
Lane 2 = PCR product of SAM
Lane 3 = PCR product of KAI
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Figure 10 The PCR amplification profile of ITS region from purified T. evansi DNA stocks
from buffalo (B15, B17 and B18), deer (SAM), and cattle (KAI) using primer ITS/F and
ITS/R. The PCR product of 1,300 bp in size was observed on 1.2% agarose gel
electrophoresis after ethidium bromide staining.

Lane M = 100 bp marker
Lane N = Negative control
1 = PCR product of B1%

2 = PCR product of B17

3 = PCR product of B18

4 = PCR product of SAM
5 = PCR product of KAl
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DNA sequencing of 185 rDNA and ITS region from T. evansi stocks.

PCR products of 185 rDNA and ITS region was used for cloning and DNA

sequencing (described in Method 9). Among 18S 1DNA clones, one colony was selected

randomly and two colonies of ITS recombinant DNA were chosen for further DNA

sequencing. The nucleotide sequences data of 18S rDNA and ITS were shown in Table 5

and 6, respectively.

Table 5 Nucleotide sequence data of 185 1DNA of T. evansi stocks from different hosts.

B18
(2188 nt)

GFCATATGCTTGTTTCAAGGACTTAGCCATGCATGCCTAGAATCACTGCATTGCAGGAATCTGCGCATGGCTCAT
TACATCAGACGTAATCTGLCCGCCAAARTTTIGCGGTCTCCGCATTACTGGATAACTTGGCGAAACGCCAAGCTAR
TACATGAACCAATCGGACGCTCTCTTTTTCTATGTCGCGGCTTGTGT T T ACGCACTTGTCGTGGCGATGGGACGT
CCAGCGAATGARTGRAATTAGAACCAACGCCTCCACCCGGGGGCAGTAACACTCAGACGTGTTGACTCAATTCAT
TCCGTGCGARAGCCGAGCCTTGTTGCTCGGCGTCTACTGACGAACARCTGCCCTATCAGCCAGTGATGGCCGTGT
AGTGGACTGCCATGGCGTTGACGGGAGCGGGGGATTAGGGT TCGAT TCCGGAGAGGGAGCCTGAGAARTAGCTAL
CACTTCTACGGAGGGCAGCAGGCGCGCARATTGCCCAATGTCGAAAAAATACGATGAGGCAGCGARAAGARATAG
AGCCGACCGTGCCCTAGTGCATGGGTGTTTTCARTGGGGGATACTCAAACCCATCCAATAT TCGAGTAACAATTG
GAGGARCARGTCTGGTGCCAGCACCCGCGGTAATTCCAGCTCCARRAGCGTATATTAATGCTGTTGCTGTARAGGS
TTCGTAATTGAACTGTGGGCCACGTAGTTTTGTGCCGTGCCAGTCCCGTCCCCCTCGGACGTGT TTTTGACCCAC
GCCCTCGTGGCCCGTGARCACACTCAGATACAARAARAACCGGAGCGGGTCCTCTCACTTTCACGCATGTCATGCA
TGCGAGGGGGCGTCCGTGARTTTTACTGTGACCAAAAAAGTGCGACCARAGCAGTCTGCCGACTTGAGTTACAAR
GCATGGGATAACGAAGCATCAGCCCTGGGGCCACCGTTTCGGCTTTTGTTGGTTTTAGAAGTCCTTGGGAGATTA
TGGGGCCGCGTGCCTTGGGTCGGTGTTTCGTGTCTCATTTTTGTGGCGCGCACATTCGGCTCTTCGTGATGTTTT
TTTACATTCATTGCGACGCGCGGCTTCCAGGAATGAAGGAGGGTAGTTCGGGGGAGAACGTACTGGTGCGTCAGA
GGTGAAATTCTTAGACCGCACCARGACGAACTACAGCGAAGGCATTC TTCAAGGATACCTTCCTCAATCAAGAAC
CAAAGTGTGGGGATCARAGATGAT TAGAGACCATTGTAGTCCACACTGCAAACCATGACACCCATGAATTGGGGA
ACATCCATTGGGTGCCCGTGTGGCGGUCTTTTGTGCCGACCCTCGGCCCCAATTTATTTATCAATTTACGTGCCT
ATTCTATCACCCCCGGTTCCCTCTTTTGAGGTTCTTCCGGGGTTTTTTACGGGAATATCCTCAGCACGTTTCTTA
CTTCTTCACGCGAARAGCTTGGAGGTTACAGTCTCAGGGGGGAGTACGTTCGCAAGAGTGAARCTTAARGAMATTG
ACGGAATGGCACCACARGACGTGGAGCGTGCGGTTTAATTTGACTCAACACGGGGAACTTTACCAGATCCCGGAC
AGGGTGAGGATTGACAGATGGAGTGTTCTTTCTCGATCCCCTGAATGGTGGTGCATGGCCGCTTTTGGTCGGTGS
AGTGATTTGTTTGGTTGATTCCGTCAACGGACGAGATCCAAGCTGCCCAGTAGGTGCCGGGATTGTCCACACAGS
ACAGCAGTCCCTCCGGCGGGGATTTTTTCCCCARCGGTGGTCGTCATCCTTCTTTTTACAGGCCCCTTCTCTGLG
GGATTCCTTGCTTTTCGCGCAAGGTGAGATTTTGGGCARCAGCAGGTCTGTGATGCTCCTCAATGTTCTGGGCGA
CACGCGCACTACAATGTCAGTGAGAACARGAGTCCGAGCGGCACTTCACAATGTCGCTCCCGCTTGATCARAAGA
GCGGGGARARCCACGGAATCACGTAGACCCACTTGGGACCGAGTATTGCAATTATTGGTCGCGCAACGAGGAATGT
CTCGTAGGCGCAGCTCATCAARCTGTGCCGATTACGTCCCTGCCATTTGTACACACCGCCCGTCGTTGTTTCCGA
TGATGGTGCARATACAGGTGATCGGACCGTCGCTCGTCTCGGGCGACCGARAGTTCACCGATAT TGCTTCAATAGA
GGARGCAAAAGTC
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Table 5 (continued)

SAM
{2191 nt)

GTCATATGCTTGTTTCAAGGACTTAGCCATGCATGCCTCAGAATCACTGCATTGCAGGAATCTGCGCATGGCTCA
TTACATCAGACGTARTCTGCCGCCAAAATTTTGCGGTCTCCGCATTACTGGATAACTTGGCGAAACGCCAAGCTA
ATACATGAACCAATCGGACGCTCTCTTTTTCTATGTCGCGGCTTGTGTTTACGCACTTGTCGTGGCGATGGGACG
TCCAGCGAATGAATGAAATTAGAACCAACGCCTCCACCCGGGGGCAGTAACACTCAGACGTGTTGACTCAATTCA
TTCCGTGCGAAAGCCGAGCCTTGTTGTTCGGCGTCTACTGACGAACAACTGCCCTATCAGCCAGTGATGGCCGTG
TAGTGGACTGCCATGGCGTTGACGGGAGCGGGGGATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAATAGCTA
CCACTTCTACGGAGGGCAGCAGGCGCGCAAATTGCCCAATGTCGAAAAAATACGATGAGGCAGCGAAAAGAAATA
GAGCCGACCGTGGCCCTAGTGCATGGTTGTTTTCAATGGGGGATACTCAAACCCATCCAATATCGAGTAACAATT
GGAGGACAAGTCTGGTGCCAGCACCCGCGGTAATTCCAGCTCCAAAAGCGTATATTAATGCTGTTGCTGTTAAAG
GGTTCGTAATTGAACTGTGGGCCACGTAATTTTGTGCCGTGCCAGTCCCGTCCCCCTCGGACGTGTTTTGACCCA
CGCCCTCGTGGCCCGTGAACACCCTCAGATACAAGAAACACGGGAGCGGGTCCTCCTCACTTTCACGCATGGTCA
TGCATGCGAGGGGGCGTCCGTGAATTTTACTGTGRCCAAAAAAGTGCGACCAAAGCAGTCTGCCGACTTGAATTA
CAAAGCATGGGATAACGAAGCATCAGCCCTGGGGCCACCGTTTCGGCTTTTGTTGGTTTTAGAAGTCCTTGGGAG
ATTATGGGGCCGCGTGCCTTGGGTCGGTGTTTCGTGTCTCATTTTTGTGGCGCGCACATTCGGCTCTTCGTGATG
TTTTTTTACATTCATTGCGACGCGCGGCTTCCAGGAATGAAGGAGGGTAGTTCGGGGGAGAACGTACTGGTGCGT
CAGAGGTGAAATTCTTAGACCGCACCAAGACGAACTACAGCGAAGGCATTCTTCAAGGATACCTTCCTCAATCAA
GAACCAAAGTGTGGGGATCAAAGATGATTAGAGACCATTGTAGTCCACACTGCAAACCATGACACCCATGGAATT
GGGGAACATCATTGGGTGCCCGTGTGGCGGCCTTTTGTGCCGACCCTCGGCCCCAATTTATTTATCAATTTACGT
GCCTATTCTATCACCCCCGGTTCCCTCTTTTGAGGTTCTTCCGGGGTTTTTTACGGGAATATCCTCAGCACGTTT
CTTACTTCTTCACGCGAAAGCTTGGAGGTTACAGTCTCAGGGGGTAGTACGTTCGCAAGAGTGAAACTTAAAGAA
ATTGACGGAATGGCACCACAAGACGTGGAGCGTGCGGTTTAATTTGACTCAACACGGGGAACTTTACCAGATCCG
GACAGGGTGAGGATTGACAGATGGAGTGTTCTTTCTCGATCCCCTGAATGGTGGTGCATGGCCGCTTTTGGTCGG
TGGAGTGATTTGTTTGGTTGATTCCGTCAACGGACGAGATCCAAGCTGCCCAGTAGGTGCCGGGATTGTCCACAC
AGGACAGCAGTCCCTCCGGCGGGGATTTTTTCCCCAACGGTGGTCGTCATCCTTCTTTTTACAGGCCCCTTCTCT
GCGGGATTCCTTGCTTTTCGCGCAAGGTGAGATTTTGGGCAACAGCAGGTCTGTGATGCTCCTCAATGTTCTGGG
CGACACGCGCACTACAATGTCAGTGAGAACAAGAGTCCGAGCGGCACTTCACAATGTCGCTCCCGCTTGATCAAA
AGAGCGGGGAAACCACGGAATCACGTAGACCCACTTGGGACCGAGTATTGCAATTATTGGTCGCGCAACGAGGAA
TGTCTCGTAGGCGCAGCTCATCAAACTGTGCCGATTACGTCCCTGCCATTTGTACACACCGCCCGTCGTTGTTTC
CGATGATGGTGCAATACAGGTGATCGGACCGTCGCTCGTCTCGGGCGACCGAAAGTTCACCGATATTGCTTCAAT
AGAGGAAGCARAAGTC

KAl
(2187 nt)

GTCATATGCTTGTTTCAAGGACTTAGCCATGCATGCCTAGAATCACTGCATTGCAGGAATCTGCGCATGGCTCAT
TACATCAGACGTAATCTGCCGCCAAAATTTTGCGGTCTCCGCATTACTGGATAACTTGGCGAAACGCCAAGCTAA
TACATGAACCAATCGGACGCTCTCTTTTTCTATGTCGCGGCTTGTGTTTACGCACTTGTCGTGGCGATGGGACGT
CCAGCGAATGAATGAAATTAGAACCAACGCCTCCACCCGGGGGCAGTAACACTCAGACGTGTTGACTCAATTCAT
TCCGTGCGAAAGCCGAGCCTTGTTGCTCGGCGTCTACTGACGAACAACTGCCCTATCAGCCAGTGATGGCCGTGT
AGTGGACTGCCATGGCGTTGACGGGAGCGGGGGATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAATAGCTAC
CACTTCTACGGAGGGCAGCAGGCGCGCAAATTGCCCAATGTCGAAAAAATACGATGAGGCAGCGAAAAGAAATAG
AGCCGACCGTGCCCTAGTGATGGGTTGTTTTCAATGGGGGATACTCAAACCCATCCAATATCGAGTAACAATTGG
AGGACAAGTCTGGTGCCAGCACCCGCGGTAATTCCAGCTCCAAAAGCGTATATTAATGCTGTTGCTGTAA&GGGT
TCGTAATTGAACTGTGGGCCACGTAGTTTTGTGCCGTGCCAGTCCCGTCCACCTCGGACGTGTTTTGACCCACGC
CTTCGTGGCCCGTGAACACACTCAGATACAAGAAACACGGGAGCGGGTCCTCCTCACTTTACGCATGTCATGCAT
GCGAGGGGGCGTCCGTGARTTTTACTGTGACCARARAAGTGCGACCARAGCAGT CTGCCGACTTGAATTACALAG
CATGGGATAACGAAGCATCAGCCCTGGGGCCACCGTTTCGGCTTTTGTTGGTTTTAGAAGTCCTTGGGAGATTAT
GGGGCCGLGTGCCTTGGGTCGGTGTTTCGTGTCICATTTT TETGGCGCGCACATTCGGCTCTTCGTGATGTTTTT
TTACATTCATTGCGACGCGCGGCTTCCAGGAATGAAGGAGGGTAGTTCGGGGGAGAACGTACTGGTGCGTCAGAG
GTGAAATTCTTAGACCGCACCAAGACGAACTACAGCGAAGGCATTCTTCAAGGATACCTTCCTCRATCAAGAACC
AAAGTGTGGGGATCAAAGATGGATTAGAGACCATTGTAGTCCACACTGCAAACCATGACACCCATGAATTGGGGA
ACATCATTGGGTGCCCGTGTGGCGGCCTTTTGTGCCGACCCTCGGCCCCAATTTAT T TATCAATTAACGTGCCTA
TTCTATCACCCCCGGTTCCCTCTTTTGAGGTTCTTCCGGGGT T T TTTACGGGAATAYCCTCAGCACGTTTTTTAT
TTTITCACGCGARAGCTTGGAGGTTACAGTCTCAGGGGGAAGTACGT TCGCAAGAGTGAAACTTAAAGARATTGA
CGGAATGGCACCACAAGACGTGGAGCGTGCGGTTTAATTTGACTCAACACGGGGAACTTTACCCAGATCCGGACA
GGGTGAGGATTGACAGATGGAGTGTTCTTTCTCGATCCCCTGAATGGTGGTGCATGGCCGCTTTYGGTCGGTGGA
GTGATTTGTTTGGTTGATTCCGTCARCGGACGAGATCCAAGC TGCCCAGTAGGTGCCGGGATTETCCACACAGGA
CAGCAGTCCCTCCGGCGGGGATTTTTTCCCCARCGGTGGTCGTCATCCTTCTTTTTACAGGCCCCTTCTCTGCGE
GATTCCTTGCTTTTCGCGCAAGGTGAGAT T TTGGGCAACAGCAGGTCTGTGATGCTCCTCARTGTTCTGGGCGAC
ACGCGCACTACAATGTCAGTGAGAACARGAGTCCGAGCGGCACTTCACAATGTCGCTCCCGCTTGATCARARAGAG
CGGGGARACCACGGAATCACGTAGACCCACTTGGGACCGAGTATTGCAATTATTGGTC GCGCAACGAGGARTGTC
TCGTAGGCGCAGCTCATCAAACTGTGCCGA T TACGTCCCTGCCATTTGTACACACCGCCCGTCGTTGTTTCCGAT
GATGGTGCAATACAGGTGATCGGACCGTCGCTCGTCTCGGGCGACCGARAGTTCACCGATATTGC TTCAATAGAG
GAAGCAAARGTC




Table 6 Nucleotide sequence data of ITS region of T. evansi stocks from different hosts.

B15.1
(1317 nt)

GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGAAAGTTCACCGATATTGCTTCAATAGAGGAAGCAAAAGTCGT
AACAAGGTAGCTGTGGGTGAACCTGCAGCTGGATCATTTTCTGATATCCATTATACAAAAAAGAGCATATTTATG
TGCATGTATAAATTGCACAGTATGCAACCAAAAATATACATATATGTTTTACATGTATGTGTTTCTATATGCCGT
TTGACATGGGAGATGAGGGATGCTAAACATAGTTCTGTTAT TTTCTATCATGTATGT GTGTTAGAGTGTCTGTGT
TAATATACTTTTTAARTGCATGCTC TACATAATATACAGTAGTAATAACACAGAGAATACGTATGGAATGCGTATL
TCTCTATATATATTTATGTATATATGCTATGTGTATATCARCCTCGCATAT T TTC TCCCTGT TGACCACGGCTCC
CACAACGTGTCGCGATGGATGACTTGGCTTCCTATTTCGT TGAAGAACGCAGCAAAGTGCGATAAGTGGTATCAR
TTGCAGAATCATTTCATTGCCCAATCTTTGAACGCAAACGGCGCATGGGAGAAGCTCTCTCGAGCCATCCCCGTG
CATGCCACATTTCTCAGTGTCGAATATAANAACARARCACACACCTATTTTGTGTTGTTCAACGCACGCARARAR
TCCCGCCACCTCTTCTCCTCGTGTGGTGCATAT TCATGGTTTGTGAGTGTGCACATATACGATATCTTTCARCTC
TTTCTACTCGCACAATGGEGTATGTCACGCATATACGTGTGTGTAGTGAGTGATATGGAAGAGAAATGGGAMAGG
CATATGTATATATGTATATACCATARATATATATGTGTGTGGAT T TGTGTGTTGAGCACATATARGGARAAGGGT
TGCGTGCATATACAGAGAGTCTGTGGCGGTTGGGACATGTGTATARATATATATATGTATATGTCTGTGTTCCGE
TGTGGAGATTTTATATCT TACGGAGAGTGTTCATATATATATGTTTGTACGCATGTATTTTGGCGCCCCGTATAG
AGATTAAAAAAGAAGAGAAAAAGTATGCAAAAGAGGCGGCGGATAGTGTGTATGTGTGTATTCACAGCAAGCAAC
TATATTTTGCTGCT TGTGAGTATATGCATATATGTACATTATGTGC T TGTGCTTCTTTCGTGTACGCTTCACTTT
TTTATATTGTATTTTCAGACCTGAGTGTGGCAGGACCACCCGCTAAACTTAAGCATATTACTCAGCGGAGGARAR
GRARRCARCCGTGATTCTCTCAGTCAGCGGCGAGCGAAGAGG

B152
(1317 nt)

GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGARAGT TCACCGATATTGCTTCAATAGAGGARGCAARAGTCGT
AACARGGTAGCTGTAGGTGAACCTGCAGCTGGATCATTTTCTGATATCCATTATACGAARAAGAGCATATTTATG
TGCATGTATAAATTGCACAGTATGCARCCARAARTATACATATATGTTTTACATGTATGTGT TTCTATATGCCGT
TTGACATGGGAGATGAGGGATGCTATACATAGTTCTGTTATTTTCTATCATGTATGTGTGTTAGAGTGTCTGTGT
TAATATACTTTTTAATGCATGCTCTACATAATATACAGTAGTAATAACACAGAGAATACGTATGGAATGCGTATC
ICTCTATATATATTTATGTATATATGCTATGTGTGTATATCAACCTCGCATATTTTCTCCCTGTTGACCACGGCT
CCCACAACGTGTCGCGATGGATGACTTGGCTTCCTATTTCGT TGAAGAACGCAGCARAGTGCGATAAGTGGTATE
AATTGCAGAATCATTTCATTGCCCARTCTTTGAACGCARACGGCGCATGGGAGAAGCTCTCTCGAGCCATCCCCE
TGCATGCCACATTTCTCAGTGTCGAATATCARAACARAACGCACATCTAT T TTGTGTTGTTCAACGCACGCARRA
AATCCCGCCACCTCCTTCTCCTCGTGTGGTGCATATTCATGGTTTGTGAGTGTGCACATATACGATATCTTTCAA
CTCTTTCTACTCGCACAATGGTGTATGTCACGCATATACGTGIGTGTAGTGAGTGATATGGAAGAGAAATGGGAR
AGGCATATATATATATGTATATACATAATATATATGTGIGTGGATTTGTGTGTTGAGCACATATARGGRARAAGE
TTGCGTGTATATACAGAGAGTCTGTGGCGGTTGGGACATGTGTATAARTATATATGTATATGTGTGTGTTCCGCT
GTGGAGATTTTATATCTTACGGAGAGTGTTCATATATATATGTTTGTACGCATGTATTTTGGCGCCCCGTATAGA
GATTAARARAGGAAGAGARAAARGTATGCAARAGAGGCGGCGGATAGTGTGCATGTGTGTATTCACAGCAAGCAACT
ATATTTTGCTGCTTGTGAGTATATGCATATATGTACATTATGTGCTTGTGCTTCTTTCGTGTACGCTTCACTTTT
TTATATTGTATTTTTCAGACCTGAGTGTGGCAGGACCACCCGCTARACTTAAGCATATTACTCAGCGGAGGAAAR
GARRACAACCGTGATTCTCTCAGTCAGCGGCGAGCGARGAGS

B17.1
(1315 nt)

GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGRAAGTTCACCGATATTGCTTCAATAGAGGAAGCAAAAGTCGT
AACARGGTAGCTGTAGGTGAACCTGCAGCTGGATCATTCTCTGATATCCATTATACGARRAAGAGCATATTTATG
TGCATGTATAAATTGCACAGTATGCAACCARAARATATACATATATGTTTTACATGTATGTGTTTCTATATGCCGT
TTGACATGGGAGATGAGGGATGCTATACATAGT TCTGTTATTTTCTATCATGTATGTGTGTTAGAGTGTCTGTGT
TAATATACTTTTTAATGCATGCTCTACATAATATACAGTAGTAATARCACAGAGAATACGTATGGAATGCGTATC
TCTCTATATATATTTATGTATATATGCTATGTGTGTATATCAACCTCGCATATTTTCTCCCTGTTGACCACGGCT
CCCACAACGTGTCGCGATGGATGACTTGGCTTCCTATTTCGTTGAAGAACGCAGCAAAGT GCGATARGTGGTATC
AATTGCAGAATCATTTCATTGCCCAATCTTTGAACGCARACGGCGCATGGGAGAAGCTCTCTCGAGCCATCCCLG
TGCATGCCACATTTCTCAGTGTCGAATATCARRACARAACGCACATCTATTTTGTGTTGTTCARCGCACGCARAR
AATCCCGCCACCTCTTCTCCTCGTGTGGTGCATAT TCATGTTTSTGAGTGTGCACATATACGATACCTTTCAACT
CTTTCTACTCGCACAATGGTGTATGTCACGCATATACGTGTGTGTAGTGAGTGATATGGAAGAGANATGGGARRG
GCATATATATATATGTATATACATAATATATATGTGTGTGGATTTGTGTGTTGAGCACATATAAGGAAARAGGTT
GCGTGTATATACAGAGAGTCTGTGGCGGTTGGGACATGTGTATAAATATATATGTATATGTGTGTGTTCCGCTGT
GGAGATTTTATATCTTACGGAGAGTGTTCATATATATATGTTTGTACGCATGTATTTTGGCGCCCCGTATAGAGA
TTAARMAGGAAGAGAAARAGTATGCAAAAGAGGCGGCGGATAGTGTGCATGTGTGTATTCACGGCAAGCARCTAT
ATTTTGCTGCTTGTGAGTATATGCATATATGTACATTATGTGCTTGTGCTTCTTTCGTGTACGC TTCACTTTTTT
ATATTGTATTTTTCAGACCTGAGTGTGGCAGGACCACCCGCTAARCTTAAGCATATTACTCAGCGGAGGAARAGA
AAARCRACCGTGATTCTCTCAGTCAGCGGCGAGCGAAGAGG
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Table 6 (continued)

B17.2
(1324 nt)

GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGARAGT TCACCGATATTGC T TCAATAGAGGAAGCRAARGTCGT
AACAMGGTAGCTGTAGGTGAACCTGCAGCTGGATCATTTTCTGATATCCATTATACGAARAAGAGCATATTTATG
TGCATGTATAAATTGCACAGTATGCAACCAARART ATACATATATGTTTTACATGTATGTGTTTCTATATGCCGT
TTGACATGGGAGATGAGGGATGCTATACATAGTTCTGT TATTTTCTATCATGTATGTGTGTTAGAGTGTCTGTGT
TAATATRCTTTTTAATGCATGCTCTACATARTATACAGTAGTAATAACACAGAGAATACGTATGGAATGCGTATC
TCTCTATATATATTTATGTATATATGC TATGTGTGTATATCAACCTCGCATATTTTCTCCCTGTTGACCACGGCT
CCCACAACGTGTCGCGATGGATGACTTGGCTTCCTATTTEGTTGAAGAACGCAGCAAAGTGCGATAAGTGGTATC
ARTTGCAGRATCATTTCATTGCCCAATCTTTGAACGCARACGGCGCATGGGAGAAGCTCTCTCGAGCCATCCCCS
TGCATGCCACATTTCTCAGTGTCGAATATCAARACAAARCGCACATCTATTTTGTGTTGT TCAACGCACGCAARA
ARTCCCGCCACCTCTTCTCCTCGTGTGGTGCATATTCATGTTTGTGAGTGTGCACATATACGATATCTTTCAACT
CTTTCTACTCGCACAATGGTGTATGTCACGCATATACGTGTGTGTAGTGAGTGATATGGAAGAGARATGGGARAG
GCATATATATATATGTATATACATAATATATATGTGTGTGGATTTGTGTGT TGAGCACATATAAGGAAAAAGGTT
GCGTGTATATACAGAGAGTCTGTGGCGGTTGAGACGTGTATGTATATATATCTATARTATATGTATATGTGTETG
TTCCGCTGTGGAGAT TTTATATCTTACGGAGAGTGT TCATATATATATGTTTGTACGCATGTATTTTGGCGCCCE
GTATAGAGATTAAAAAGGAAGAGAAAARGTATGCAARAGAGGCGGCGGATAGTGTGCATGTGTGTATTCACAGCA
AGCAACTATATTITGCTGCTTGTGAGTATATGCATATATGTACATTATGTGCTTGTGCTTCTTTCGTGTACGCTT
CACTTTTITATATTGTATTTTTCAGACCTGAGTGTGGCAGGACCACCCGCTARACTTAAGCATATTACTCAGCGS
AGGAAARGAAARCAACCGTGATTCTCTCAGTCAGCGGCGAGCGAAGAGE

Bi18.1
(1326 nt)

GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGARAGTTCACCGATATTGCTTCAATAGAGGAAGCAARAGTCGT
AACAAGGTAGCTGTAGGTGAACCTGCAGCTGGATCATTTTCTGATATCCATTATACARAAAAGAGCATATTTATG
TGTATGTATAATTGCACAGTATGCAACCAARARATATACATATATGTTTTACATGTATGTGT TTCTATATGCCATT
TGACATGGGAGATGAGGGATGTTATATATAGTTCTGTTAT T T TCTAATATGTATGTGTGTTAGAGTGTCTGTGTT
ARTATACTTTTTAATGCATGCTCTACATAATATACAGTAGTGATAACAARGAGAATACGTATGTAATGCGTATCT
ATCTATCTATATATATATATGTATATATGCTATGTGTATATCAACCTCGTATATTTTCTCCCTGTTGACCACGGE
TCCCACRACGYGTCGCGATGGATGACTTGGCTTCCTATTTCGTTGAAGAACGCAGCARAGTGCGATAAGTGGTAT
CARTTGCAGAATCATTTCATTGCCCARTCTTTGAACGCAAACGGCGCATGGGAGAAGCTCTCTCGAGECATCCCT
GTGCATGCCACATTTCTCAGTGTCGAATATCAARARCAAAACGCACATCTATTTTGTGTTGTTCAACGCACGCARA
AARTCCCGCCACCTCTTCTCCTCETGTGGTGCATATTCATGGT TTGTGAGTGTGCACATATACGATATCTTTCAA
CTCTTTCTACTCGCACAATGGTGTATGTCACGCATATACGTGTGTGTAGTGAGTGATATGGARGAGARATGGGAR
AGGCATATATATATATGTATATACATARTATATATGTGTGTGGAT ITGTGTGTTGAGCACATATAAGGAAARAGS
TTGCGTGTATATACAGAGAGTCTGTGGCGGTTGAGACGTGTATGTATATATATCTATAATATATGTATATGTGTG
TGTTCCGCTGTGGAGATTTTATATC T TACGGAGAGTGTTCATATATATATGT TTGTACGCATGTATTTTGGCGCC
CCGTATAGAGATTAARAAGGARGAGARAAAGTATGCAAAAGAGGCGGCGGATAGTGTGCATGTGTGTATTCACAS
CAAGCARCTATATTTTGCTGCTTGTGAGTATATGCATATATGTACATTATGTGC TTGTGCTTCTTTCGTGTACGT
TTCACTTTTTTATATTGTATTTTTCAGACCTGAGTGTGGCAGGACCACCCGCTARACTTAAGCATATTACTCAGS
GGAGGAAARGARAACAACCGTGATTCTCTCAGTCAGCGGCGAGCGAAGAGG

B182
(1317 nt)

GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGARAGT TCACCGATATTGCTTCAATAGAGGRAGCAARMAGTCGT
ARCAAGGTAGCTGTAGGTGARCCTGCAGCTGGATCATTTTCTGATATCCATTATACGAAAARGAGCATATTTATG
TGCATGTATAAATTGCACAGTATGCAACCARRARTATACATATATGTTT T ACATGTATGTGTTTCTATATGCCGT
TTGACATGGGAGATGAGGGATGCTATACATAGT TCTGTTAT T TTCTATCATGTATGTGTGTTAGAGTGTCTGTGT
TAATATACTTTTTAATGCATGCTCTACATARTATACAGTAGTAATARCACAGAGAATACGTATGGAATSCGTATC
TCTCTATATATATTTATGTATATATGCTATGTGTGTATATCAACCTCGCATATTTTCTCCCTGTTGACCACGGCT
CCCACAACGTGTCGCGATGGATGACTTGGCTTCCTATTTCGT TGAAGAACGCAGCAARAGTGCGATAAGTGGTATC
ARTTGCAGAATCATTTCATTGCCCAATCTTTGAACGCARACGGCGCATGGGAGAAGCTCTCTCGAGCCATCCCES
TGCATGCCACATTTCTCAGTGTCGARTATCAARACAAARCGCACATCTATTTTGTGTTGTTCAACGCACGCARAL
AARTCCCGCCACCTCTTCTCCTCGTGTGGTGCATATTCATGGTTTGTGAGTGTGCACATATACGATATCTTTCAAC
TCTTTCTACTCGCACAATGGTGTATGTCACGCATATACGTGTGTGTAGTGAGTGATATGGARGAGARATGGGAAAL
GGCATATATATATATGTATATACATAATATATATGTGTGTGGATTTGTGTGTTGAGCACATATAAGGAAAAAGET
TGCGTGCATATACAGAGAGTCTGTGGCGGTTGGGACATGTGTATARATATATATATGTATATGTGTGTGTTCCGC
TGTGGAGATTTTATATCTTACGGAGAGTGTTCATATATATATGTTTGTACGCATGTATTTTGGCGCCCCGTATAG
AGATTAAAAARGAAGAGARAAAGTATGCARRAGAGGCGGCGGATAGTGTGTATGTGTGTATTCACAGCAAGCAAC
TATATTTTGCTGCTTGTGAGTATATGCATATATGTACATTATGTGCTTGTGCTTCT I TCGTGTACGCTTCACTTT
TTTATATTGTATTTTCAGACCTGAGTGTGGCAGGACCACCCGCTAAACTTAAGCATATTACTCAGCGGAGGAARL
GAARACAACCGTGATTCTCTCAGTCAGCGGCGAGCGRAGAGG
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Table 6 (continued)

KAIL1
(1315 nt)

GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGAAAGTTCACCGATATTGCTTCAATAGAGGAAGCAAAAGTCGT
AACAAGGTAGCTGTAGGTGAACCTGCAGCTGGATCATTTTC TGATATCCAT TATACAAAAAAGAGCATATTTATG
TGCATGTATAAATTGCACAGTATGCAACCAAAAATATACATATATGTTTTACATGTATGTGTTTCTATATGCCGT
TTGACATGGGAGATGAGGGATGCTCTACATAGTTCTGTTATTTTCTATCATGTATGTGTGTTAGAGTGTCTGTGT
TAATATACTTTTTAATGCATGCTCTACATAATATACAGTAGTAATAACACAGAGAATACGTATGGAATGCGTATC
TCTCTATATATATTTATGTATATATGCTGTGTGTATATCAACCTCGCRTATTTTCTCCCTGTTGACCACGGCTCC
CACARCGTGTCGCGATGGATGACT TGGCTTCCTATTTCGT TGARGAACGCAGCAAAGTGCGATAAGTGGTATCAA
TTGCAGARTCATTTCATTGCCCARTCTTTGARCGCARACGGCGCATEGGAGAAGCTCTCTCGAGCCATCCCCGTG
CATGCCACATTTCTCAGTGTCGAATATAGAAACARAACACACACCTATTTTGTGTTGTTCAACGCACGCARAARA
TCCCGCCACCTCTTCTCCTCGTGTGGTGCATATTCATGGTTTGTGAGTGTGCACATATACGATATCTTTCAACTC
TTTCTACTCGCACAATGGTGTATGTCACGCATATACGTGTGTGTAGTGAGTGATATGGAAGAGAAATGGGAAAGG
CATATGTATATATGTATATACATAATATATATGTGTGTGGATTTGTGTGTTGAGCACATATAAGGAAAAAGGTTG
CGTGCATATACAGAGAGTCTGTGGCGGTTGGGACATGTGTATAAATATATATATGTATATGTGTGTGTTCCGCTG
TGGAGATTTTATATCTTACGGAGAGTGTTCATATATATATGTTTGTACGCATGTATTTTGGCGCCCCGTATAGAG
ATTARRARRGRAGAGAARAAGTATGCARAAGAGGCGGCGGATAGTGTGTATGTGTGTATTCACAGCAAGCAACTA
TATTTTGCTGCTTGTGAGTATATGCATATATGTACATTATGTGC T TGTGCTTCTTTCGTGTACGCTTCACTTTTT
TATATTGTATTTTCAGACCTGAGTGTGGCAGGACCACCCGCTARACTTAAGCATAT TACTCAGCGGAGGAAAAGA
AAACAACCGTGATTCTCTCAGTCAGC GGCGAGCGAAGAGG

KAI2
(1318 nt}

GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGARAGTTCACCGATATTGC TTCAATAGAGGAAGCARAAGTOGT
ARCAAGGTAGCTGTAGGTGAACCTGCAGCTGGATCATTTTCTGATATCCATTATACARARAAGAGCATATTTATG
TGCATGTATAARTTGCACAGTATGCAACCARARATATACATATATGTTTTACATGTATGTGTTTCTATATGOCGT
TTGACATGGGAGATGAGGGATGCTATATATAGTTCTGTTAT T T TCTAT TATGTATGTGTGTTAGGGTGTCTGTGT
TAATATACTTTTTAATGCATGCTCTACATAATATACAGTAGTAATAACACAGAGARATACGTATGGARTGCGTATC
TCTCTATATATATTTATGTATATATGCTATGTGTATATCAACCTCGCATATTTTCTCCCTGTTGACCACGGETED
CACARCGTGTCGCGATGGATGACTTGGCTTCCTATT TCGTTGAAGAACGCAGCARAGTGCGATAAGTGGTATCAA
TTGCAGAATCATTTCATTGCCCAATCTTTGRACGCARACGGCGCATGGGAGAAGC TCTCTCGAGCCATCCCCGTG
CATGCCACATTTCTCAGTGTCGAATATAAAAACAAAACGCACACCTATTTTGTGT TGTTCAACGCACGCAAAANR
TCCCGCCACCTCTTTCTCCCCCGTGTGGGGTGCATATTCATGGT TFGTGAGTGTGCACATATACGATATCTTTCA
ACTCTTTCTACTCGCACAATGGTGTATGTCACGCATATACGTGTG T GTAGTGAGTGATATGGARGAGAAATGGGA
AARGGCATATATATATATGTATATACATAATATATATGTGTGTGGAT TTGTGTGTTGAGCACATATAAGGARAARG
GTTGCGTGTATATACAGAGAGTCTGTGGCGGT TGGGACATGTGTATAAATATATATGTATATGTGTGTGTTCCGS
TGETGGAGATTTTATATC T TACGGAGAGTGTTCATATATATATGTTTGTACGCATGTAT TTTGGCGECCCGTATAG
AGATTAARAAMGAAGAGAARAAGTATGCAARAGAGGCGGUGGATAGTGTGTATGTGTGTATTCACAGCAAGCAAC
TATATTTTGCTGCTTGTGAGTATATGCATATATATACATTATGTGCTIGTGCTTCTT TCGTGTACCCTTCACTTT
TTTATATTGTATTTTTCAGACCTGAGTGTGGCAGGACCACCCGCTARACTTAAGCATGTTACTCAGCGGAGGAAA
AGRAAACAACCGTGATTCTCTCAGTCAGCGGCGAGCGAAGAGG

SAM.1
(1320 nt)

GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGARAGTTCACCGATATTGC TTCAATAGAGGAAGCAARAGTCGT
ARCARGGTAGCTGTAGGTGAACCTGCAGCTGGATCAT T TCTGATATCCATTATACAARAAAGAGCATATTTATG
TGCATGTATAATTGCACAGTATGCAACCAAARATATACATATATGTTTTACATGTATGTGTTTCTATATGCCGTT
TGACATGGGAGATGAGGGATGT TATATATAGTTCTGTTATTTTCTAAT ATGTATGTGTGTTAGRAGTGTCTGTGTT
AATATACTTTTTAATGCATGCTCTACATAATATACAGTAGTGATAACERAAGAGAATACGTATGGAATGCGTATCT
CTCTACATATATTTATGTATATATGCTATGTGTATATCAACCTCGCATATTTTCTCCCTGTTGACCACEGETCCE
ACAACGTGTCGCGATGGATGACTTGGCTTCCTATTTCGTTGAAGAACGCAGCAMAGTGCGATARGTGGTATCAAT
TGCAGAATCATTTCATTGCCCAATCTTTGAACGCARACGGCGCATGGGAGAAGCTCTCTCGAGCCATCCCCGTGE
ATGCCACATTTCTCAGTGTCGARATATARARACARAACACACACCTATTTTTTGTCGTTCAACGCACGCABARRAT
CCCGCCACCTCTTCTCCCCGTGTGGTGCATAT TCATGGTTTGTGAGTGTGCACATATACGATATC TTTCAACTCT
TTCTACTCGCACAATGGTGTATGTCACGCATATACGTGTGTGTAGTGAGTGATATGGARGAGAAATGGGARRGGE
ATATGTATATATGTATATACATAATATATATGTGTGTGGATTTGTGTGTTGAGCACATATAAGGAAAAAGGTTGT
GTGTATATACAGAGAGTCTGTGGCGGTTGAGACGTGTATGTATATATATCTATAATATATGTATATGTGTGTGTT
CCGCTGTGGAGAT TTTATATCTTACGGAGAGTGT TCATATATATGTTTGTACGCATGTATTT TCGCGCCCCGTAT
AGAGATTAAARAGGAGGAGAAAARGTATGCARAAGAGGCGGCGGATAGTGTGTATGTGTGTATTCACAGCAAGCA
ACTATATTTTIGCTGCTTGTGAGTATATGCATATATGTACATTATGTGCTTGTGCTTCTTTCGTGTACGCTTCACT
TTTTTATATTGCATTTTTCAGACCTGAGTGTGGCAGGACCACCCGCTAAACTTAAGCATATTACTCAGCGGAGGA
AAAGARAACAACCGTGATTCTCTCAGTCAGCGGCGAGCGAAGAGG
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Table 6 (continued)

SAM.2
(1323 nt)

GGTGATCGGACCGTCGCTCGTCTCGGGCEACCGAAAGTTCACCGATATTGCTTCAATAGAGGAAGCARAAGTCOT
ARCAAGGTAGCTGTAGGTGAACCTGCAGCTGGATCAT T TTCTGATATCCAT TATACARAMAAGAGCATATTTATS
TGCATGTATAAATTGCACAGTATGCAACCARAARTATACATATATGTTTTACATGTATGTGTTTCTATATGCCET
TTGACATGGGAGATGAGGGATGCTATACATAGT TCTGTTATT T TCTATCATGTATGTGTGTTAGAGTGTCTGTGT
TAATATACTTTTTARTGCATGCTCTACATAATATACAGTAGTAATAACACAGAGAATACGTATGGAATGCGTATC
TCTCTATATATAT T TATGTATATATGCTATGTGTATATCAACCTCGCATATTTTCTCCCTGT TGACCACGECTED
CACAACGTGTCGCGATGGATGACT TGGCTTCCTAT TTCGTTGAAGAACGCAGCAAAGTGCGATARGTGGTATCAA
TTGCAGAATCATTTCATTGCCCAATCTTTGAACGCAARCGGCGCATGGGAGAAGCTCTCTCGAGCCATCCCCETG
CATGCCACATTTCTCAGTGTCGAATATAGAARCAAAACACACACCTATT TTTGGTGTTGTTGTTCAACGCACGCA
AARAATCCCGCCACCTCTTTCTCCTCCGTGTGGTGCATATTCATGGT T TGTGAGTGTGCACATATACGATATCTT
TCARCTCTTTCTACTCGCACAATGGTGTATGTCACGCATATACGTGTGTGTAGTGAGTGATATGGAAGAGAAATG
GGARAGGCATATGTATATATGTATATACATAATATATATGTGTGTGGATTTGTGTGTTGAGCACATATAAGGAAA
AAGGTTGCGTGCATATACAGAGAGTCTGTGGCGGTTGGGACATGTGTATAAATATATATATGTATATGTGTGTGT
TCCGCTGTGGAGATTTTATATCTTACGGAGAGTGTTCATATATATATGTTTGTACGCATGTATTITGGCGLCCCS
TATAGAGATTARARAAGAAGAGAARRAGTATGCARAAGAGGCGGCGGATAGTGTGTATGTGTGTATTCACAGCAR
GCARCTATATTTTGCTGCTTGTGAGTATATGCATGTATGTACATTATGTGCTTGTGC T TCTTTCGTGTACGETTC
ACTTTTTTATATTGTATTTTTCAGACCTGAGTGTGGCAGGACCACCCGCTARACTTAAGCATATTACTCAGCGGA,
GGARAAGAARACRACCGTGATTCTCTCAGTCAGCGGCGAGCGAAGRAGG

Identificationtion and analysis of nucleotide sequence data.

BLAST program was used for identification nuclectide sequences of the T. evansi

Thailand’s stocks in comparison to the previousiy reported data obtained from GenBank.

The nucleotide sequences revealed that the T. evansi of Thailand stocks were similar to T,

evansi Taiwan stock (D98527.1) and T. brucei (AL929605.1)

Clustal W was used for alignment of the nucleotide sequences of 18S tDNA and ITS

region and compared to those of T. evansi and other Trypanosoma spp. reported in

Genbank (Table 7). Upon alignment, some nucleotide regions were deleted to generate the

appropriate sequence alignment and the sequences were corrected by eye. The alignment

of each region was shown in Table 8 and 9.
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Table 7 GenBank accession number of 185 rDNA and ITS region of Trypanosoma spp. and

other blood parasites.

Parasites name

specific Host/Lab host

GenBank accession number

Leishmania major AC005806.3
18S IDNA T. brucet AL.929605.1
T. congolense Rattus norvegicus U22319.1
T. cruzi AJ009148.1
T. evansi D83527.1
T. rangeli AJ012416.1
T. simiae U22320.1
T. vivax Rattus norvegicus U22316.1
T. lewisi AJ223566.1
T. theileri AJ009164.1
T. congolense Rattus norvegicus 22319.1
ITS region T. evansi DB9527.1
T. brucei X05682.1
T. brucei NW2 Homo sapiens AF306776.1
T. brucei TH2 Homo sapiens AF306777.1
T. brucei Da1972 Homo sapiens AF306774.1
T. brucei B8/18 pig AF308772.1
T. brucei KP2 Glossina palpalis AF306773.1
T. brucei STIB215 Lion AF306771.1
T. brucei H3 Lion AF306770.1




Table 8 Nucleotide sequence alignment of 185 tDNA of T. evansi compared to other

Trypanosoma spp. and L. major.

L. major
bls

Sam

Kai

T. bruceiei
T. evansi
T. congolense
T. simiae
T. vivax

T. rangeli
T. cruzi

T. theileri
T. lewisi
L. major
bl8

Sam

Kai

T. bruceiel
T. evansi
T. congolense
T, simiae
T. vivax

T. rangeli
T. crozi

T. theileri
T. lewisi
L. major
blg

Sam

Kai

T. bruceiei
T. evansi
T. congolense
T. simiae
T. vivax

T. rangeli
T. cruzi

T. theileri
T. lewisi
L. major
bl8

Sam

Kai

T. brucei
T. evansi
T. cengolense
T. simiae
T. T. vivax
T. rangeli
T. cruzi

T. theileri
T. lewisi

GTCATATGCTTGTTTCAAGGACTTAGCCATGCATGLCTCAGAATCACTGCATTTGCAGGA
GTCATATGCTTGTTTCAAGGACTTAGCCATGCATGCCT-AGAATCACTGCATT-GCAGGA
GTCATATGCTTGTTTCAAGGACTTAGCCATGCATGCCTCAGRATCACTGCATT-GCAGGA
GTCATATGCTTGTTTCAAGGACTTAGCCATGCATGCCT~AGAATCACTGCATT-GCAGGA
GTCATATGCTTGTTTCAAGGACTTAGCCATGCATGCCTCAGAATCACTGCATT-GCAGGA
GTCATATGCTTGTTTCAAGGACTTAGCCATGCATGCCTCAGARTCACTGCATT-GCAGGA
GTCATATGCTTGTTTCAAGGACTTAGCCATGCATGCCTCAGRATCACTGCATT~GCAGGA
GTCATATGCTTGTTTCAAGGACTTAGCCATGCATGCCTCAGRATCACTGCATT~GCAGGA
GTCATATGCTTGTTTCAAGGACTTAGCCATGCATGCCTCAGAATCACTGCACT-GCAGGA
GTCATATGCTTGTTTCAAGGACTTAGCCATGCATGCCTCAGARTCACTGCATT-GCAGGA
GTCATATGCTTGTTTCAAGGACTTAGCCATGCATGCCTCAGAATCACTGCATT-GCAGGA
GTCATATGCTTGTTTCAAGGACTTAGCCATGCATGCCTCAGAATCACTGCATT-GCAGGA
GTCATATGCTTGTTTCAAGGACTTAGCCATGCATGCCTCAGRATCACTGCATT-GCAGGA

EEESESES SRR LR SRR RS R ESSR SRS RS S S ES R E kL B

ATCTGCGCATGGCTCATTACATCAGACGTAATCTGCCGCARRAATCTTGCGGTT-TCCGC
ATCTGCGCATGGCTCATTACATCAGACGTAATCTGCCGCCAARATTTTGCGGTC~TCCGC
ATCTGCGCATGGCTCATTACATCAGACGTAATCTGCCGCCAABATTTTGCGGTC~-TCCGC
ATCTGCGCATGGCTCATTACATCAGACGTAATCTGCCGCCAARATTTTGCGGTC~TCCGC
ATCTGCGCATGGCTCATTACATCAGACGTAATCTGCCGCCARRATTTTGCGGTC-TCCGC
ATCTGCGCATGGCTCATTACATCAGACGTAATCTGCCGCCARARTTTTGCGGTC-TCCGC
ATCTGCGCATGGCTCATTACATCAGACGTAATCTGCCGCCARAATCTTGLGGTC-TCCGC
ATCTGCGCATGGCTCATTACATCAGACGTAATCTGCCGCCARARTGTTGCGGTC~TCCGC
ATCTGCGCATGGCTCATTACATCAGACGTAATCTGCCGCAATCACTTTGCGGTCCTCCGC
ATCTGCGCATGGCTCATTACATCAGACGTAATCTGCCGCARAAATCTTGCGGTT-TCCGC
ATCTGCGCATGGCTCATTACATCAGACGTAATCTGCCGCAAAAATCTTGCGGTC-TCCGC
ATCPGCGCATGGCTCATTACATCAGACGTAATCTGCCGCAAAARTCTTGCGGTT-TCCGC
ATCTGCGCATGGCTCATTACATCAGACGTAATCTGCCGCARARATTTTGCGGTT-TCCGC

(2SS TR RS R RS R SRR S SR RS ERER R R SR S Y 4 drd ok ok ok kA &k ok

AARATTGGATARCTTGGCGAARCGCCARGCTAATACATGAACCAACCGGGTGTTCTCCAC
ATTACTGGATAACTTGGCGARACGCCAAGCTAATACATGAACCAATCGGACGCTCTCTTT
ATTACTGGATARCTTGGCGARACGCCAAGCTAATACATGAACCAATCGGACGCTCTCTTT
ATTACTGGATARCTTGGCGARACGCCAAGCTARTACATGAACCAATCGGACGCTCTCTTT
ATTACTGGATAARCTTGGCGAAACGCCAAGCTAATACATGAACCAATCGGACGCTCTCTTT
ATTACTGGATAACTTGGCGAAARCGCCAAGCTARTACATGAACCARTCGGACGCTCTCTTT
ATTATTGGATAACTTGGCGARRCGCCARGCTAATACATGAACCGRAGGGACGCTCCCTGC
ATTATTGGATAACTTGGCGAAACGCCAAGCTAATACATGARCCARATGGACGTTCCCTGC
ATTACTGGATAACTTGGCGARACGCCARNGCTAATACATGAGCC-ACCGGGCGCTCCCTGC
AACATTGGATAACTTGGCGAARCGCCAAGCTAATACATGAACCAACCGGATGTTCTCTGT
AARATTGGATAACTTGGCGARRCGCCARGCTAATACATGAACCARCCGGATGTTCTCTGT
AACATTGGATAACTTGGCGAARCGCCAAGCTAATACATGAACCADAGGGACGTTCTCTGT
AACAGTGGATAACTTGGCGAARCGCCAAGCTAATACATGAACCARCCGGACGCTCTCTGT

* * kA kFhkhkh bk Ah kb h bbbk kT k Ak k& * * TR *

TCCAGA---CGGTGGGCA--——-—----— AC-CATCGT~~~CGTGAGACGCCCAGCGAATGA
TTCTAT~GTCGCGGCTTGTGTTTACGCACTTGTCGTGGCGATGGGACGTCCAGCGAATGA
TTCTAT-GTCGCGGCTTGTGTTTACGCACTTGTCGTGGCGATGGGACGTCCAGCGAATGA
TTCTAT-GTCGCGGCTTGTGTTTACGCACTTGTCGTGGCGATGGGACGTCCAGCGAATGA
TTCTAT-GTCGCGGCTTGTGTTTACGCACTTGTCGTGGCGATGGGACGTCCAGCGAATGA
TTCTAT-GTCGCGGCTTGTGTTTACGCACT TGTCGTGGCGATGGGACGTCCAGCGAATGA

TAC--G-GCCGLGGEETG————-———— AC--~TCGCGGTCACGGGACGTCCTGCGAATGA
TCC=-=G-GCGEGEGEEEGCG-——— -~~~ AC---TCGCCGCTACGGGACGTCCGGCGAATGA
TCC=-=-G-GCGACGGGGCA-——-~~—--~~~ RAC---CCGCCGCTATGGGACGCCCCGCGAATGA
TTCGGC---GGETGGGGCA-—~~~——==~ ACTCGCCGC~~~CATGGGATGTCCAGCGAATGA
TCCGGL«~-GGCAGGGCA-—-——--—--—~— ACCTGCTGC---CATGGGACGTCCAGCGAATGA
TCCGGC---GGTGGGGCA-——---——- ACTCACTGT---CATGGGACGTCCAGCGAATGA
TCCGGCTGCGGGEGGEECG— -~~~ -~ ~ ACCCCCTGTGGTCATGGGACGTCCAGCGAATGA
* & > &k * * kw k Kk FEkxrkkrkk

119
117
118
117
118
118
118
118
119
118
118
118
118

179
177
178
177
178
178
178
178
178
178
178
178
178

223
236
237
236
237
237
223
223
223
223
223
223
229



46

L. major
b18

Sam

Kai

T. brucei
T. evansi
T. congolense
T. simiae
T. vivax

T. rangeli
T. cruzi

T. theileri
T. lewisi
L. major
bls

Sam

Kai

T. brucei
T. evansi
T. congolense
T. simiae
T. vivax

T. rangeli
T. cruzi

T. theileri
T. lewisi
L. major
bls

Sam

Kai

T. brucei
T. evansi
T. congolense
r. simiae
T. vivax

T. rangeli
T. cruzi

T. theileri
T. lewisi
L. major
bls

Sam

Kai

T. brucei
T. evansi
T. congolense
T. simiae
T. vivax

T. rangeli
T. cruzi

T. theileri
T. lewisi
L. major
bls

Sam

Kai

T. brucei
T. evansi
T. congolense
T. simiae
T. vivax

T. rangeli
T. cruzi

T. theileri
T. lewisi

ATGACAGTAARACCAATGCCTTCACT----GGCAGTAACACCCAGCAGTGTTGACTCAAT
ATGARATTAGARCCAACGCCTCCACCCGGGGGCAGTAACACTCAGACGTGTTGACTCAAT
ATGARATTAGAACCAACGCCTCCACCCGGGGGCAGTAACACTCAGACGTGTTGACTCAAT
ATGAAATTAGAACCAACGCCTCCACCCGGGGGCAGTAACACTCAGACGTGTTGACTCAAT
ATGAAATTAGARCCAACGCCTCCACCCGGGGGCAGTAACACTCAGACGTGTTGACTCAAT
ATGARATTAGARCCAACGCCTCCACCCGGGGGLAGTARCACTCAGACGTGTTGACTCAAT
ATGAARATTAAGACCARACGCCCTCACCCGGGGGCAGTARCACCCAGACGTGTTGACTCAART
ATGGCATTAAARCCAACGCCCTCGC----GGGCAGTAACACTCAGACGTGTTGACTCAAT
GTGACATTAAARACCAACGGCCGCTC--~AGGGCAGTACCACACAGACGTGTTGACTCAAT
ATGAABRGTAAARCCAATGCCTTCACC~-~~GGCAGTAACACCCAGAAGTGTTGATTCAAT
ATGAARAGTAABRACCAATGCCTTCACC--—-GGCAGTAACACTCAGAAGTGTTGATTCAAT
ATGARAATARAACCAATGCCTTCACC----GGCAGTAARCACCCAGAAGTGTTGACTCAAT

ATGARATTAABRACCAACGCCTTCACC - - -~GGCAGTARCACTCAGAAGTGTTGATTCAAT

ER * a ke L AN § * > k3 * LA S R R B4 * ok & ok okd ko Kk LA BN
TCATTCCGTGCGAARGCCGGCTTGTT—-—————-= CCGGCGTCTTTTGACGRACARCTGE
TCATTCCGTGCGAAAGCCGAGCCTTGTTGCT -~ - =~ CGGCGTCTACTGACGARCRACTGC
TCATTCCGTGCGAAAGCCGAGCETTGTTGTT-———— CGECGTCTACTGACGARCARCTGE
TCATTCCGTGCGAARGCCGAGCCTTGTTGCT - ——— CGGCGTCTACTGACGARCAACTGC
TCATTCTGTGCGARAGCCGAGCCTTGTTGCT -~ -~ - CGGCGTCTACTGACGAACAACTGE
TCATTCCGTGCGARRGCCGAGCCTTGTTGCT- -~ CGECGTCTACTGACGAACAACTGE
TCATTCCGTGCGARRGCCGECCCTTCTTCTTGGTGCCGGCGTGTGCTGACGAACARCTGE
TCATTCCGTGCGAARGCCGGGTCA==-=====~ GCCGGCGTGTGTTGACGRACARCTGE
TCATTCCGTGCGARRGCCGGETCGT - —m - mm === CGGCGTCTTTTGACGAACRACTGC
TCATTCCGTGCGARRGCTGEGTTTTTTAC -~~~ CTGGCGTCTTTTGACGAACARCTSC
TCATTCCGTGCGAARGCCEGGTTTTTTAT -~~~ - CCGECGTCTTTTGACGAACAACTGE
TCATTCCGTGCGARRGCTGGATTTCTTAT - ————- CCGGCGTCTTTTGACGAACAACTGC
TCATTCCGTGCGAARGCCGGATTCTTT-—————-— CCGGCGTCTTTIGACGAACRACTGE

Ak hkhkHd Thhkkrhkhhhkk * dkckhh Kk Frdhkok ko khokhkk ok

CCTATCAGCTGGTGATGGCCGTGTAGTGGACTGCCATGGCGTTGACGGGAGCGGGGGATT
CCTATCAGCCAGTGATGGCCGTGTAGTGGACTGCCATGGCGTTGACGGGAGCGGGGGATT
CCTATCAGCCAGTGATGGCCGTGTAGTGGACTGCCATGGCGTTGACGGGAGCGGGGGATT
CCTATCAGCCAGTGATGGCCGTGTAGTGGACTGCCATGGCGTTGACGGGAGCGGGGGATT
CCTATCAGCCAGTGATGGCCGTGTAGTGGACTGCCATGGCGT TGACGGGAGCGGGGGATT
CCTATCAGCCAGTGATGGCCGTGTAGTGGACTGCCATGGCGTTGACGGGAGCGGGGGATT
CCTATCAGCCAGTGATGGCCGTGTAGTGGACTGCCATGGCGTTGACGGGAGCGGGGGATT
CCTATCAGCTAGTGATGGCCGTGTAGTGGACTGCCATGGCGTTGACGGGAGCGGGGGATT
CCTATCAGCCAGTGATGGCCGTGTAGTGGACTGCCATGGCGTTGACGGGAGCGGGGGATT
CCTATCAGCCAGCGATGGCCGTGTAGTGGACTGCCATGGCGTTGACGGGAGCGGGGGATT
CCTATCAGCCAGCGATGGCCGTGTAGTGGACTGCCATGGCGTTGACGGGAGCGGGGGATT
CCTATCAGCCAGTGATGGCCGTGTAGTGGACTGCCATGGCGTTGACGGGAGCGGGGGATT
CCTATCAGCCAGTGATGGCCGTGTAGTGGACTGCCATGGCGTTGACGGGAGCGGGGGATT

Je A deohok e Aok % Ak drok ke drodk ok vk e dr e dr e i ek i ok e iy ok e dr e o e e ok ke e e e e e o e i o e o

AGGGTTCGATTCCGGAGAGGGAGCCTGAGAAATAGCTACCACTTCTACGGAGGGCAGCAG
AGGGTTCGATTCCGGAGAGGGAGCCTGAGAAATAGCTACCACTTCTACGGAGGGCAGCAG
AGGGTTCGATTCCGGAGAGGGAGCCTGAGRAATAGCTACCACTTCTACGGAGGGCAGCAG
AGGGTTCGATTCCGGAGAGGGAGCCTGAGRAATAGCTACCACTTCTACGGAGGGCAGCAG
AGGGTTCGATTCCGGAGAGGGAGCCTGAGARATAGCTACCACTTCTACGGAGGGCAGCAG
AGGGTTCGATTCCGGAGAGGGAGCCTGAGAAATAGCTACCACTTCTACGGAGGGCAGCAG
AGGGTTCGATTCCGGAGAGGGAGCCTGAGARATAGCTACCACTTCTACGGAGGGCAGCAG
AGGGTTCGATTCCGGAGAGGGAGCCTGAGARATAGCTACCACTTCTACGGAGGGCAGCAG
AGGGTTCGATTCCGGAGAGGGAGCCTGAGARATAGCTACCACTTCTACGGAGGGCAGCAG
AGGGTTCGATTCCGGAGAGGGAGCCTGAGAAATAGCTACCACTTCTACGGAGGGCAGCAG
AGGGTTCGATTCCGGAGAGGGAGCCTGAGAAATAGCTACCACTTCTACGGAGGGCAGCAG
AGGGTTCGATTCCGGAGAGGGAGCCTGAGARATAGCTACCACTTCTACGGAGGGCAGCAG
AGGGTTCGATTCCGGAGAGGGAGCCTGAGAAATAGCTACCACTTCTACGGAGGGCAGCAG

I L R R R R R R R R e E

GCGCGCARATTGCCCARTGTCAAARCARAACGATGAGGCAGCGAARAGARATAGAGTTGT
GCGCGCARATTGCCCARTGTCGAARRAATACGATGAGGCAGCGAARAGADATAGAGCCGA
GCGCGCARATTGCCCARTGTCGAARARAATACGATGAGGCAGCGAAARGARDATAGAGCCGA
GCGCGCARATTGCCCAATGTCGAARRARTACGATGAGGCAGCGARARAGARATAGAGCCGA
GCGCGCAAATTGCCCAATGTCGARARAATACGATGAGGCAGCGARARAGAAATAGAGCCGA
GCGCGCAAATTGCCCAATGTCGAAARAATACGATGAGGCAGCGAAAAGARATAGAGCCGA
GCGCGCAAATTGCCCAATGTCGAGARAARACGATGAGGCAGCGAAMAGAARTAGAGCCGA
GCGCGCARATTGCCCAATGTCGAGARAARA-CGATGAGGCAGCGARRAGAARTAGAGCCGA
GCGCGCARATTGCCCAATGTCGAGACAGAACGATGAGGCAGCGARARGARATAGAGCCGA
GCGCGCAAATTGCCCAATGTCARAAAAAALCGATGAGGCAGUGAMRAGAALTAGAGCCGA
GCGCGCAAATTGCCCAATGTCAAAARAAARAAGATGAGGCAGCGAARAGAAATAGAGCCGA
GCGCGCAARTTGCCCAATGTCARAARAADACGAT GAGGCAGCGAAMAGAANTAGAGCCGA
GCGCGCAAATTGCCCAATGTCTARARAAAACGATGAGGCAGCGAARAGAARATAGAGCCGA

kkkkh kR AKX IR b F A A AR RA kA Kk IR S R E R E L E TR R TR RS >

279
296
297
296
297
297
283
27%
280
27%
279
279
285

330
351
352
352
352
352
343
329
330
333
333
333
337

390
411
412
411
412
412
403
389
390
393
393
393
397

450
471
472
471
472
472
463
449
450
453
453
453
457

510
531
532
531
532
532
523
508
510
513
513
513
517
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brucei
evansi
congolense
simiae
vivax
rangeli
cruzi
theileri
Jewisi

"‘i"‘i"'—]"—]*"—]"—]'ﬂ'—]:-la
I

L. major
bl8

Sam

Kai

brucei
evansi
congolense
simige
vivax
rangeli
cruzi
theileri
lewisi

L. major
bhls

Sam

Kai

brucei
evansi
congolense
simiae
vivax
rangeli
cruzi
theileri
lewisi

L. major
bls

Sam

Kai

brucei
evansi
congolense
simiae
vivax
rangeli
cruzi
theileri
Jewisi

LR EE

L. major
bl8

Sam

Kai

T. brucei
evansi
congolense
simiae
vivax
rangeli
cruzi
theileri
lewisi

- e B B B B L I |

CAGTC--CATT-TGGATTGTCATTT-CARATGGGGGATATTTARACCCATCCAATAT-CGA
CCGTG-CCCTAGTGCATGGGTGTTTTCAATGGGGGATACTCAAACCCATCCAATATTCGA
CCGTGGCCCTAGTGCATGGTTGTTTTCAATGGGGGATACTCARACCCATCCAATAT-CGA
CCGTG-CCCTAGTGATGGGTTGTTTTCARTGGGGGATACTCAAACCCATCCAATAT-CGA
CCGTG-CCCTAGTGCATGGTTGTTTTCAATGGGGGATACTCAAACCCATCCAATAT-CGA
CCGTG-CCCTAGTGCATGGTTGTTTTCAATGGGGGATACTCARACCCATCCAATAT-CGA
CCGTGCCTTTTGTGCACGGTCGTTTTCAATGGGGGATATT TARACCCATCCARCAT-CGA
CCTTGCCATTG--GCATGGTCGTTTTCARATGGGGGATATT TARACCCATCCAATAT-CGA
CAGTG~---CTACGCATTGTCGTTTTCAATGGGGGATACCCAAACCCATCCAACAT-CGA
CAGTG--CTT--TGCATTGTCGTTTTCAATGGGGGATATTTARACCCATCCAARAT-CGA
CAGTG=-CTTT-TGCATTGTCGTTTTCAATGGGGGATATTTAAACCCATCCAAAAT-CGA
CAGTG--CCTAGTGCATTGTCGTTTTCARTGGGGGATATTTARAACCCATCCAAARAT-CGA
CAGTG-~CCTTTGGCATTGTCGTTTTCARTGGGGGATATTTARRCCCATCCAAARLT-CGA

* * * * hkk khkhkkhhkokohkohokow khkwhhhkkdehdkr Fok Hoh K

GTAACARTTGGAGGACAAGTCTGGTGCCAGCACCCGCGGTAATTCCAGCTCCARAAGCGT
GTAACRATTGGAGGRCAAGTCTGGTGCCAGCACCCGCGGTAATTCCAGCTCCARAAGEGT
GTAACAATTGGAGGACAAGTCTGGTGCCAGCACCCGCGGTARTTCCAGCTCCARAAGLGT
GTAACRATTGGAGGACRAGTCTGGTGCCAGCACCCGCGGTAATTCCAGCTCCAMAAGCGT
GTARCAATTGGAGGACARGTCTGGTGCCAGCACCCGCGGTAATTCCAGCTCCAAAAGCGT
GTAACAATTGGAGGACAAGTCTGGTGCCAGCACCCGCGGTAATTCCAGCTCCARAAGCGT
GTAACCATTGGAGGACAAGTCTGGTGCCAGCACCCGUGGTAATTCCAGCTCCARAAGCGT
GTAARCAATTGGAGGACAAGTCTGGTGCCAGCACCCGCGGTARTTCCAGCTCCAMAAAGCGT
GTAACTATTGGAGGACAAGTCTGGTGCCAGCACCCGCGGTAATTCCAGCTCCAAARGCGT
GTAACARTTGGAGGACAAGTCTGGTGCCAGCACCCGCGGTAATTCCAGCTCCAAARAGCGT
GTARCAATTGGAGGACAAGTCTGGTGCCAGCACCCGCGGTAATTCCAGCTCCAAAAGCGT
GTAACARTTGGAGGACAAGTCTGGTGCCAGCACCCGCGGTAATTCCAGCTCCARAAGCGT
GTAACARTTGGAGGACRAGTCTGGTGCCAGCACCCGCGGTAATTCCAGCTCCARAAGCGT

LR RS AL R SR RS SRS RS SRSssEEES R ERR SRR EEEESEEEEEEEEEEE RS TR

ATATTAAT------ GCTGTTGCTGTTAAAGGGT TCGTAGTTGARCTGTGGGCTGTGLAG~
ATATTAAT------ GCTGTTGCTGT-AAAGGGTTCGTAATTGARCTGTGGGCCACGTAGT
ATATTAAT----—- GCTGTTGCTGTTARAAGGGTTCGTAATTGARCTGTGGGCCACGTAAT
ATATTRAAT=-===== GCTGTTGCTGT-AAAGGGTTCGTAATTGAACTGTGGGCCACGTAGT
ATATTAAT------ GCTGTTGCTGTTARAGGGTTCGTAGTTGARCTGTGGGCCACGTAGT
ATATTAAT------ GCTGTTGCTGTTARAGGGTTCGTAGTTGARCTGTGGGCCACGTAGT
ATATTAAR----- TGCTGTTGCTGTTARAGGGTTCGTAGTTGARCTGTGGGCGTTG G-~
ATATTAATGCTGTTGCTGTTGCTGTTARAGGGTTCGTAGT TGARCTGTGGGCGC~GAG——
ATATTAAT----—- GCTGITGCTGTTARAGGGTTCGTAGTTGARCTGTGGGCCGCG—-~—
ATATTAAT-----~ GCTGTTGCTGTTAARGGGT TCGTAGTTGAATTGTGGGCCTTCGAG—
ATATTAAT-——-—- GCTGTTGCTGTTAARGGGTTCGTAGT TGAATTGAGGGCCTCTAAG-
ATATTAAT------ GCTGTTGCTGTTAAAGGGTTCGTAGT TGAATTGAGGGCCTTTGAG
ATATTAAT-~——-—-- GCTGTTGCTGTTARARGGGTTCGTAGT FGRATTGTGGGCCTTTGAG-

o Ak kN khkdhkhhkdhkk khkAEhhkkdhdk krdkFrr Ak khkk

GTTTGTECCTGGTCGTC~CCGTCCATGTCGGATTTGGT - ~~GACCCAGGCC~CTTGCAGE
TTTGTGCCGTGCCAGTC-CCGTCCCCCTCGGACGTGTTTTTGACCCACGCC-CTCGTGGE
TTTGTGCCGTGCCAGTC-CCGTCCCCCTCGGACGTGTTTT-GACCCACGLC~CTCGTGGE
TTTGTGCCGTGCCAGTC-CCGTCCACCTCGGACGTGTTTT-GACCCACGCC-TTCGTGGC
TTTGTGCCGTGCCAGTC~CCGTCCACCTCGGACGTGTTTT-GACCCACGLCC-CTCGTGGE
TTTGTGCCGTGCCAGTC-CCGTCCACCTCGGACGTGTTTT-GACCCACGCC-CTCGTGGT
CAGGTGCCGTGTCCGTC-CCACCCGACTCGGGGTGGT --~--GACCCACGCC-CTCGGLGE
TAGGCGC-GTGTCTGTCGCTGCCCTCGATTGGGCTGT-~~--GGCGCACGCC-CTCTGCGT
CTGCCGCCGLGCTCCGCCCCACCCGCAGAGGGTGCGT - --~-GGCACGCGGCGLGCGCTGC
GCGCAATGGTT-TAGTC-CCGTCCACTTCGGATT-GGT - ~—~GACCCATGCC-CTTGAGGT
GCGCAATGGTT-TAGTC-CCATCCACTTCGGATT~GGT --~GACCCATGCC-CTTGTGGT
GCGCAATGGTT-T-GTC-CCGTCCACCTCGGATT-GGT ~—-GACCCATGCC-CTTGAGGT
GCGCAATGGTT-TAGTC-CCGTCCACCTCGGATT-GGT -~ ~GACCCATGCC-CTTGGGET

* ok * X * > * X * * * *

CCGTGAACA=--TTCAAAGARACARGARACACGGGAGTGGTTCCTTTCCTGATTI T ~ACGC
CCGTGAACA--CACTCAGATACAMAADMA-ACCGGAGCGGGTCCTC~TCACTTTC-=RCGC
CCGTGAACA--CCCTCAGATACAAGARACACGGGAGCGGGTCCTCCTCACTTTC~-ACGC
CCGTGAACA--CACTCAGATACAAGRAAACACGGGAGCGGGTCCTCCTCACTTT---ACGC
CCGTGARCA--CACTCAGATACARAGARACACGGGAGCGGTTCCTCCTCACTTTC - ~ACGE
CCGTGAACA-~CACTCAGATACAAGAAACACGGGAGCGGTTCCTCCTCACTTTC--ACGC
CCGTGAACA-~-CA--CAGAAACGAGAARCACGGGAGCGGTCCCCCACTCTTTTCTTACGC
CCGTGAACA--CA--CCGATACARGAMGCACGGGAATGGTCCCCCAGA-——----—~ ACGC
CCGCGARCA——CT~-CAGACACAAGCAGCGCGGGARCGCTTCCCCACACC——-——— ACGC
CCGTGAACA----CTCAGAAACAMAAAACACGGGAGTGGTACCTCT-CTGATTT--TCGC
CCGTGRACAGACATTCAGARAACAAARAACACGGGAGTGGTACCTTTTCTGATTA--TCGC
CCGTGAACA----CTCAGAAACAAGAAACACGGGAGCGGTTCCTTC-CTGATTT--TCGC
CCGTGAACA -~-~CTCAGAAACAAGAAACACGGGAGTGGTTCCTTTCCTGATTT - - TCGC

LR R A ko ok * ok ko * * % ok ok

585
590
591
589
590
590
582
565
565
568
569
570
574

625
630
651
649
650
650
642
625
625
628
629
630
634

678
703
705
702
704
704
695
682
675
681
682
683
687

733
761
762
759
761
761
749
136
731
T34
735
735
740

789
815
818
814
817
g17
B80S
784
781
787
793
788
794
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L. major
bls

Sam

Kai

T. brucei
T. evansi
T. congolense
T. simiae
T. vivax

T. rangeli
T. cruzi

T. theileri
T. lewisi
L. major
big

Sam

Kai

T. brucei
T. evansi
T. congolense
T. simiae
T. vivax

T. rangeli
T. cruezi

T. theileri
T. lewisi
L. major
bls

Sam

Kai

T. brucei
T. evansi
T. congolense
T. simiae
T. vivax

T. rangeli
T. cruzi

T. theileri
T. lewisi
L. major
bls

Sam

Kat

T. brucei
T. evansi
T. congolense
T. simiae
T. vivax

T. rangeli
T. cruzi

T. theileri
T. lewisi
L. major
bl8

Sam

Kai

T. brucei
T. evansi
T. congolense
T. simiae
T. vivax

T. rangeli
T. cruzi

T. theileri
T. lewisi

ATG~TCATGCATGCCAGGGGGCGTCCGTGATTTTTTACTGTGACTAAAGAAGCGTGACTA
ATG-TCATGCATGCGAGGGGGCGTCCGTGA-ATTTTACTGTGACCAARRARGTGCGACCA
ATGGTCATGCATGCGAGGGGGCGTCCGTGA-ATTTTACTGTGACCAARAARGTGCGACCA
ATG-TCATGCATGCGAGGGGGCGTCCGTGA-ATTTTACTGTGACCAARAAAGTGCGACCA
ATG-TCATGCATGCGAGGGGGCGTCCGTGA-ATTTTACTGTGACCAARAMAGTGCGACCA
ATG-TCATGCATGCGAGGGGGCGTCCGTGA-ATTTTACTGTGACCAARAARGTGCGACCA
ATG-TCATGCATGCG--GGGGCGTCCGTGA-TTTTTACTGTGACTAARAAAGTGCGACCA
ATG~TCACGCATGCG--GGGGCGTCCGTGA-TCTTTACTGTGACTAARAAAGAGCGACCA
GTG-TCATACACGCAC-GGGGCGCCCGCGAGTCTTTACTGTGACTAARARRGCGCGACCA
ATG-TCATGCATGCCAGGGGGCGCCCGTGATTTTTTACTGTGACTAARARAGTGTGACCA
ATG-TCATGCATGCCAGAGGGCGCCCGTGATTTTTTACTGTGACTARRARMAGTGTGACCA
ATG-TCATGCATGCCAGGGGGCGTCCGTGATTTTT ~ACTGTGACTARMAARAGTGTGACCA
ATG-TCATGCATGCCAGGGGGCGCCCGTGATTTTTTACTGTGACTARAARAGTGTGACCA

ok Rk *h kW *hhkkk **E Kh FE AKNRFERAX AR r A hk ok k k kA K

AAGCAGTCATT-TGACTTGAATTAGARAGCATGGGATARCARAGGAGCAGCCTCTAGGCT
AAGCAGTCTGC-CGACTTGAGTTACAAAGCATGGGATARCGAAGCATCAGCCCTGGGGLL
AAGCAGTCTGC-CGACTTGAATTACAAAGCATGGGATAACGARGCATCAGCCCTGGGGCC
AAGCAGTCTGC~CGACTTGAATTACAAAGCATGGGATARCGAAGCATCAGCCCTGGGSGCC
AAGCAGTCTGC-CGACTTGAATTACARAGCATGGGATAACGAAGCATCAGCCCTGGGGCE
AAGCAGTCTGC-CGACTTGAATTACAAAGCATGGGATAACGARGCATCAGCCCTGGGGCC
AAGCAGTCCGC-CGACTTGAATTACAAAGCATGGGATAACAARGCACCAGCCCTGGGGCC
AAGCAGTCCAC--GACTTGAATTACARAAGCATGGGATAACAAAGCATCAGCCCCAGGGCC
AAGCAGTCCAC-CGACCTGAATTGCARAGCATGGGATRACRAAGCATCAGCCTCCGGGCC
AAGCAGTCATT-CGACTTGAATTAGRAAGCATGGGATAACAARGGAGCAGCCTATGGGCC
AAGCAGTCATT-CGACTTGAATTAGARAGCATGGGATARCAAAGGAGCAGCCTCTGGGCC
AAGCAGTCATT-CGACTTGAATTAGAAAGCATGGGATARCAAAGGAGCAGCCTATGGGCC
AAGCAGTCATTTCGACTTGAATTAGARAGCATGGGATAACAAAGGAGCAGCCTATAGGLC

* ok Aok e *hk Tk dh AEEA AT I AT AR A dRN khd ok hok ok kok ** ok

ACCGTTTCGGCTTTTGTTGGTTTTARAGGTCTATTGGAGAT TATGGAGCTGTGCGACAAG
ACCGTTTCGGCTTTTGTTGGTTTTAGAAGTCCTTGGGAGATTATGGGGCCGCGTGCCTTG
ACCGTTTCGGCTTTTGTTGGTTTTAGAAGTCCTTGGGAGATTATGGGGCCGEGTGCCTTG
ACCGTTTCGGCTTTTGTTGGTTTTAGAAGTCCTTGGGAGATTATGGGGCCGCGTGCCTTG
ACCGTTTCGGCTTTTGTTGGTTTTAGRAGTCCTEGGGAGATTATGGGGCCGCGTGCCTTG
ACCGTTTCGGCTTTTGTTGGTTTTAGAAGTCCTTGGGAGATTATGGGGCCGCGTGCCTTG
ACCGTTTCGGCTTTTGTTGGTTTTAGAAGTCCTTGGGAGATTATGGCGLCGCGTGCCCGL
ACCGTTTCGGCTTTTGTTGGTTTTAGAAGCCCAGGGGAGATTATGGCGCCGCGTGCLG~ -
ACCGATTCGGCTTTTGTTGGTTTTAACAGTCCGTTGGAGATTATGGGCCGGCGCGAGCAC
ACCGTTTCGGCTTTTGTTGGTTTTARAAAGTCCATTGGAGATTATGGGGCAGTGTGACAAG
ACCGTTTCGGCTTTTGTTGGTTTTARARGTCCATTGGAGATTATGGGGCAGTGTGACARG
ACCGTTTCGGCTTTTGTTGGTTTTARARGTCCATTGGAGATTATGGCGTCGTGCGACAAG
ACCGTTTCGGCTTTTGTTGGTTTTAACAGTCTATTGGAGATTATGGGGCTGTGCGACARG

dhdrk Aok k koo d ok kb ok bk ok kA * Fh koo h ok kk * kK

TGCTTTCCCATCG === === === CRACTTCGG=~——————— TTCGGTGTGTGGCGC
GGTCGGTGTTTCG———-—————————-- TGTCTCATT-—-—-—-—- TTTGTGGCG—--CGC
GGTCGGTGTTICG=~~— ===~ == == TGTCTCAT === =w———— TTTGTGGECG-~~CGL
GGTCGGTGTTTCG-——-—-—————————— TGTCTCATT---—-—~-~ TTTGTGGCG---CGC
GGTCGGTGTTTCG———~————~——=—— TGTCTCATT---—-—-—~ TTTGTGGCG---CGC
GGTCGGTGTTTCG--——--—-=—=---=- TGTCTCATT-~~—-—---— TTTGTGGCG=-~-~CGC
GCTGTGCGCCGLC——————— == — e CCCCTCCTTCCACGGAGGTGTGTGGCGGGCCGE
--------- CGCA======r=======CACTTCC====~=wu = —GPGTGCG~~~— ===~
GCACCGCGGCATT—============= CCACTCGGA-——----- ACACGUCGCRA-w————
CGGCTGGETGATT -~ = ~========= TCCCCTTCAR-~~———— TGGGGTACACTCGTCGC
CGGCTGGGTGGTTATTCCACACACACTCCTTTTTTGGACGTGTTGTGTGGCACTCGTCGE
CGTCTGGGTGAT T~ === CCCCTTTC =~ ———————-~ GGGGCACCCGTCGC
CGCTCGAGTGCTC====m=mm === TCCTTTTC= === e —— GGTGACACTCGGCGC

*

CTTTG-AGGGGTTTAGTG-CGTC--CGGTG-CGAGCT -~ - ~~~=>—m oo m = CCGGT
ACA-——————m - ——— TTCGGCTCT -~~~ === e m TCGTG
ACA--——-———-mm TTCGGCTCT——- == e e m o TCGTG
ACA~—~—-—————m v — TTCGGCTCT-—--———=—==——===-— TCGTG
AChww m s i m mmm — e m ] £ O i e TCGTG
ACRA-----— e TTCGGCTCT~-——-—————=-—-—-==-- TCGTG
CCAGCGTCCTCGTCGTGTGTGTGCTCTCCTCCTCTT T~ - —— = — ==~ === === ==~ TTGAG
——————————————————————————————————— Tr------------=—===-TCG--
————————————————————————————————— cGCC------------~--~----CCGCG
CTTTGTGGGARARTCAGTGACGGTAGTGCTGCTGTATTGTTTGTTGTGTGCGTATGTCTGG
CTTTGTGGGAAATCCGTG-TGGCACTGTT--TGTGTTGTTGGCAGAL - —--—-—~ TTCGG
CTTTGCGGGAAATCCGTGTCGGT -~ -GTTGATGAGC T~ = m o o —— TCGGEC

CTTTGTGGGAAATCCGCGGTTGC---CTCGGCAGGCT-——--——-——-—=——=—-—-—-—- TCGG
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913
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996
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980
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a7l
965
973
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1026
1030
1025
1028
1028
1026
974

980

1005
1031
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1041
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979
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1065
iosc
1039
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TCOTCCGGCCGTA= ==~ == === === === mm o mmme e ACGCCTT~
AT G T T T T T TAC — — === == == o oo o e A--TTCA
ATGTTTTTTTAC === = == —mm = mmm oo o A--TTCA
ATGTTTTTTTACS = === === === === oo oo mmee A--TTCA
ATGTTTTTTTAC - === = === = — e m - — oo A--TTCA
ATGTTTTTTTAC ~ === m = m oo m o m oo o oo A--TTCA
GG TGT T TG BT~ — === === = w = o o mm oo C-~CGCA
== GCGTTCGC T~ === == = = === v o o o
GCGC-CTCGLGE -~ === == —m === — === m o mmmm e G--T--m
ACATCTTTTCGGTGCCCAGGCCGACGTTARCGGCGCATTACACACACTGCCTTCGCCTTC
TCTTGCCTTEGE == == === === —mw o —e e = ATATTTCACATGTGTCATGCCTTC
COATCTCTCE GG === ==~ s s m oo oo e CBECTTC
CCTCBCAGAGAG= ===~ — == ===~ ww = ——mmmm e TGCTTCCGTCTTC

~TTCAACTCACGGCCTCTAGGAATGAAGGAGGGTAGTTCGGGGGAGAACGTACTGGGGCG
TTGCGACGCGCGGCTTCCAGGRATGAAGGAGGGTAGTTCGGGGGAGAACGTACTGGTGCG
TTGCGACGCGCGGCTTCCAGGARATGARGGAGGGTAGTTCGGGGEAGAACSTACTGGTGEE
TTGCGACGCGCGGECTTCCAGGAATGAAGGAGGGTAGT TCGGGGGAGAACGTACTGGTGCS
TTGCGACGCGCGGCTTCCAGGRAATGAAGGAGGGTAGTTCGGGGGAGAACGTACTGGTGCEG
TTGCGACGCGCGGCTTCCAGGARATGARGGAGGGTAGT TCGGGGGAGAACGTACTGGTGCE
CGGCGACGCGCGG~TGCCAGGAATGAAGGAGGGTAGTTCGGGGAG- —ACGTACTGGTGCG
---—-GACGC~CTG-CGCCGGGAATGAATGAGGGTAGTTCGGGGGAGARCGTACTGGTGCG
-CGCGGLCTCGCCGEL~-CCGGGAATGAAGGAGGGCGGCTCGGGGGAGARCGTACTGGCGCG
CCTCAACTCACGGCATCCAGGAATGAAGGAGGGTAGTTCGGGGGAGAACGTACTGGTGEG
CCTCAARCTCACGGCATCCAGGARTGAAGGAGGGTAGT TCGGGGGAGAACGTACTGGTGCG
CCGTGACTCACGGCATCCAGGAATGAAGGAGGGTAGTTCGGGGGAGAACGTACTGGCGCG
CCTCAACTCGCGGCATCCAGGAATGAAGGAGGGTAGTTC GGGGGAGAACGTACTGETGCS

LI S - Fhdkowkdew gk kok Je g oo e Aok LEER X X R E R I X

TCAGAGGTGARATTCTTAGACCGCACCAAGACGAACTACAGCGAAGGCATTCTTCAAGGA
TCAGAGGTGARATTCTTAGACCGCACCAAGACGARCTACAGCGAAGGCATTCTTCAAGGA
TCAGAGGTGAAATTCTTAGACCGCACCAAGACGAACTACAGCGAAGGCATTCTTCAAGGA
TCAGAGGTGAAATTCTTAGACCGCACCAAGACGAACTACAGCGAAGGCATTCTTCAAGGA
TCAGAGGTGARATTCTTAGACCGCACCAAGACGAACTACAGCGAAGGCATTCTTCAAGGA
TCAGAGGTGAAATTCTTAGACCGCACCARGACGAACTACAGCGAAGGCATTCTTCAAGGA
TCAGAGGTGARATTCTTAGACCGCACCAAGACGAACTACAGCGAAGGCATTCTTCAAGGA
TCAGAGGTGAAATTCTTAGACCGCACCAAGACGAACTACAGCGAAGGCATTCTTCAAGGA
TCAGAGGTGAAATTCTTAGACCGCGCCAAGACGAACCACAGCGAAGGCATTCTTCAAGGA
TCAGAGGTGARAATTCTTAGACCGCACCARAGACGAACTACAGCGAAGGCATTCTTCAAGGA
TCAGAGGTGARATTCTTAGACCGCACCARGACGARCTACAGCGAAGGCATTCTTCAAGGA
TCAGAGGTGAAATTCTTAGACCGCGCCAAGACGAACTACAGCGAAGGCATTCTTCAAGGA
TCAGAGGTGAAATTCTTAGACCGCACCAAGACGAACTACAGCGAAGGCATTCTTCARAGGA

ER AR A SRS RS EER RS EEEEEE X EEEESEY LRSS R EEE LS R EEEEESY

TACCTTCCTCAATCAAGAACCAARGTGTGGAGATCGAAGATG-ATTAGAGACCATTGTAG
TACCTTCCTCAATCAAGAACCAARGTGTGGGGATCAARGATG-ATTAGAGACCATTGTAG
TACCTTCCTCAATCAAGAACCAARGTGTGGGGATCARAGATG-ATTAGAGACCATTGTAG
TACCTTCCTCARTCAAGAACCAARGTGTGGGGATCARAGATGGATTAGAGACCATTGTAG
TACCTTCCTCAATCAARGAACCAAAGTGTGGGGATCARAGATG~ATTAGAGACCATTGTAG
TACCTTCCTCAATCAAGAACCAARGTGTGGGGATCAAAGATG-ATTAGAGACCATTGTAG
TACCTTCCTCAATCAAGAACCARAGTGTGGGGATCARAGATG-ATTAGAGACCATTGTAG
TACCTTCCTCAATCAARGAACCARRGTGTGGGTATCGAAGATG-ATTAGAGACCATTGTAG
CGCCTTCCTCAATCAAGAACCAAAGTGTGGGGATCGAAGATG-ATTAGAGACCATTGTAG
TACCTTCCTCRATCAAGARCCARAGTGTGGGGATCGARGATG~ATTAGAGACCATTGTAG
TACCTTCCTCAATCAAGARCCARAGTGTGGGGATCGAAGATG~ATTAGAGACCATTGTAG
TACCTTCCTCAATCARGAACCAMAGTGTGGGGATCGARGATG-ATTAGAGACCATTGTAG
TACCTTCCTCAATCAAGAACCARAGTGTGGGGATCGAAGATG-ATTAGAGACCATTGTAG

LA RS SRS S AR SRR RS EEEEES whAk Akhdkhk Ak k kA ok r ok okhhok oW

TCCACACTGCARACGATGACACCCATG-AATTGGGGATCTTA-——TGGGCCG-GCCTGCE
TCCACACTGCARACCATGACACCCATG-ARTTGGGGAACATCCATTGGGTGC -CCGTGTE
TCCACACTGCARACCATGACACCCATGGAATTGGGGAACATC-ATTGGGTGC-CCGTGTG
TCCACACTGCARRCCATGACACCCATG-AATTGGGGAACATC-ATTGGGTGC-CCGTETG
TCCACACTGCARACCATGACACCCATG-ARTTGGGGAACATC-ATTGGGTGC -CCGTGTG
TCCACACTGCARRCCATGACACCCATG-AATTGGGGAACATC -ATTGGGTGC-CCOTETG
TCCACACTGCARRCCATGACACCCATG-AATTGGGGACCACC-—-TGG~--C-TTGCACG
TCCACACTGCARACCATGACACCCATG-AATTGGGGACCATT---TGG- - ~C-CCGTGGE
TCCACACTGCAAACGATGACGCCCATG-ARTTGGGGACCTGT—-— -GG~ - -C-CAGCGGT
TCCACACTGCAAACGATGACACCCATG~AATTGGGGAGTTTT---TGGTCGTTAGGLARG
TCCACACTGCARACGATGACACCCATG-AATTGGGGAGTTTT-—-TGGTCGT -AGGCGTE
TCCACACTGCAAACGATGACACCCATG-ARTTGGGGAATTTT - - -TGGTCGC-AGGCGGEG
TCCACACTGCARACGATGACACCCATG-AATTGGGGAGTTTT-——TGGTCGT-AGGCGGE

LSRR A EEEE R RS RS L LR A R R R ey * ok
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1072
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GCAGGG= === rm=m====nm TTTACCCTGTGTCAGCACCGCGCCCGCTTTTACCAA-CTT
GCG-GCCT--—~———===—= TTTGTGCCGACCCTCGGCCCCARTT ~TATTTATCAA-TTT
GCG-GCCT----——===-—= TTTGTGCCGACCCTCGGCCCCARTT -TATTTATCAR-TTT
GCG-GCCT-====—===-—= TTTGTGCCGACCCTCGGCCCCAATT-TATTTATCAR=TTA
GCG-GECT - =~ mmmmmm - TTTGTGCCGACCCTCGGCCCCAATT-TATTTATCAR-TTT
GLG-GCCT—---—=—-—-=-~- TTTSTGCCGACCCTCGGCCCCAATT ~TATTTATCAA-TTT
GCACGGCG--—————-~—=-~- CTTGCGCCGATTGTTCTGTGCAGTCACAACARRCAA-CTT
GTGCTGCG - —~——=—===~ CTTGCGTAGCCCTCCC---ACGGCCAATTCCACAAR—CTT
GCC-GCLCG--———=—==-—= GGCTTGCCCGCGCGEGCGETCGCTC -CACCARCCA——-TC
GTCGAG= === mmmmmmmm TTCACCTCGC-TCCTTGTCTCGCCAATGAATATCAR-TTT
GTCGGGCTTGATTATTATTTTTCATCCCGT-TCCTCGTCTCGCCARTGARTATTARATTT
GTCGAG-======——===== TTCATCTCGC-TCCTCGCCTCGCCAATGGATATCAR-TTT
GTCGGG= === =—==mmmnwe TTCATCTCGC-TCCTCGTCTCGCCAATGTATATCAR-TTT
& * * * *

ACGTATCTTTTICTAT---—----- TCGGCCTTTA--———- CC-==mmmmmmmm - GGLCA

ACGTGCCTATTCTATCAC----CCCCGGTTCCCT---CTTTTGAGGTTCTTCCGGGGTTT
ACGTGCCTATTCTATCAC----CCCCGGTTCCCT---CTTTTGAGGTTCTTCCGGGGTTT
ACGTGCCTATTCTATCAC----CCCCGGTTCCCT---CTTTTGAGGTTCTTCCGGGGTTT
ACGFGCCTATTCTATCAC----CCCCGGTTCCCT---CTTTTGAGGTTCTTCCGGGGTTT
ACGTGCCTATTCTATCAC~~~-CCCCGGTTCCCT~~-CTTTTGAGGTTCTTCCGGGGTTT

ACGTGTCTATTCTGCTGCCGCGCGTTGGCCCCTTATTTTCTTARGGGGTTTGTGCGGTTT
ACGTGCCTATTCTGC-—~———- CGTGGGTCGC——-—--- CTCGCGCGGCCCGCAT - ——~
ACGTGCACATTCTTTGGCGCGGLTTCGGCCCC——~ e —— - GCCGLT-—-————~=~
ACGTGCATATTCTTT~—~———=—- ATGGTCCTCT-—---- CGCTCTCGCGG--GAGACCT
ACGTGCATATTCTT -~~~ ==mmm- TTGGTCCTCG- -~~~ TTTTTTTACGGCGAGGGCCT
ACGTGCATATTCTTE--~—--=--~ TCGGTCCTCG~~——-— CA-———--—- AG--GGGGCCT
ACGTGCATATTCTTT--—-----—- TTGGTCCTCG-—-—-—— CA--=--=- AG--AGGTCCT
I Ko g * ok Ak b g

CCCACGGGAATATCCTCAGCACGTTTTCTG--TTTTTTCACGCGARAGCTTTGAGGTTAC
TTTACGGGAATATCCTCAGCACGTTTCTTAC--TTCTTCACGCGAAAGCTTGGAGGTTAC
TTTACGGGAATATCCTCAGCACGTTTCTTAC--TTCTTCACGCGARAGCTTGGAGGTTAC
TTTACGGGAATATCCTCAGCACGTTTTTTAT--TTTTTCACGCGAAAGCTTGGAGGTTAC
TTTACGGGAATATCCTCAGCACGTTTCTTAC--TTCTTCACGCGARAGCTTGGAGGTTAC
TTTACGGGAATATCCTCAGCACGTTTCTTAC--TTCTTCACGCGAAAGCTTGGAGGTTAC
A--ACGGGAATATCCTCAGCACGTTGTTTACATTTTTTCACGCGARAGCTTTGAGGTTAC
~~=ACGGGAATATCCTCAGCACGTTGTTTAC--TCATTCACGCGAAAGCTTTGAGGTTAC
=-==ACGGGAATGTCCTCAGCACGT--CTCAC---TGCCCACGCGAAAGCTTTGAGGTTAC
TTAACGGGAATATCCTCAGCACGTTATCTGA-CTTCTTCACGCGAAAGCTTTGAGGTTAC
TTARCGGGAATATCCTCAGCACGTTATCTGA-CTTCTTCACGCGAAAGCTTTGAGGTTAC
TTAACGGGAATATCCTCAGCACGTTATCTGA-CTTCTTCACGCGAAAGCTTTGAGGTTAC
TTTACGGGAATATCCTCAGCACGTTATCTGA-CTTCTTCACGCGAARGCTTTGAGGTTAC

AhrkFhrkk FhkEkrkhkxkdhkhdhx LEAE RS SR EEEE LRSS EEEEE]

AGTCTCAGGGGGGAGTACGTTCGCAAGAGTGAAACTTAAAGAAATTGACGGAATGGCACC
AGTCTCAGGGGGGAGTACGTTCGCAAGAGTGAAACTTARAGARATTGACGGAATGGCACC
AGTCTCAGGGGGTAGTACGTTCGCAAGAGTGAAACTTARAGAAATTGACGGAATGGCACC
AGTCTCAGGGGGAAGTACGTTCGCAAGAGTGRAACTTARAGAAATTGACGGAATGGCALC
AGTCTCAGGGGGGAGTACGTTCGCARGAGTGAAACTTAAAGAARTTGACGGAATGGCACC
AGTCTCAGGGGGGAGTACGTTCGCAAGAGTGARACTTARAGAAATTGACGGAATGGCACC
AGTCTCAGGGGGGAGTACGTTCGCARGAGTGAAACTTAAAGAARTTGACGGAATGGCALC
AGTCTCAGGGGGGAGTACGTTCGCAAGAGTGARACTTAAAGAARTTGACGGAATGGCACC
AGTCTCAGGGGGGAGTACGTTCGCAAGAGTGAAACTTARAGAALTTGACGGAATGGCACC
AGTCTCAGGGGGGAGTACGTTCGCAAGAGTGAAACTTAAAGARATTGACGGAATGGCACC
AGTCTCAGGGGGGAGTACGTTCGCAAGAGTGAAACTTAAAGAARTTGACGGAATGGCACC
AGTCTCAGGGGGGAGTACGTTCGCAAGAGTGARAACTTARAGAAATTGACGGAATGGCACC
AGTCTCAGGGGGGAGTACGTTCGCAAGAGTGAAACTTARAGAAATTGACGGAATGGCACC

Fhkdhhhkrhhhid khkdkhdkrhrhhbdrhdhrddrdrrrrrrdarhrrrrrrrrrrrkrrhenrn

ACAAGACGTGGAGCGTGCGGTTTAATTTGACTCAACACGGGGAACTTTACCAGATCC -GG
ACAAGACGTGGAGCGTGCGGTTTAATTTGACTCAACACGGGGAACTTTACCAGATCCCGG
ACAAGACGTGGAGCGTGCGGTTTAATTTGACTCAACACGGGGAACTTTACCAGATCC -GG
ACAAGACGTGGAGCGTGCGGTTTAATTTGACTCARCACGGGGARC TTTACCCAGATCCGG
ACAAGACGTGGAGCGTGCGGTTTAATTTGACTCAACACGGGGAACTTTACCAGATCC -GG
ACAAGACGTGGAGCGTGCGGTTTAATTTGACTCAACACGGGGAACTTTACCAGATCC-GG
ACAAGACGTGGAGCGTGCGGTTTAATTTGACTCARCACGGGGAACTTTACCAGATCC -GG
ACAAGACGTGGAGCGTGCGGTTTAATTTGACTCAACACGGGGAACTTTACCAGATCC -GG
ACAAGACGTGGAGCGTGCGGTTTAATTTGACTCARCACGGGGAACTTTACCAGATCC -GG
ACARGACGTGGAGCGTGCGGTTTAATTTGACTCAACACGGGGAACTTTACCAGATCC -GG
ACAAGACGTGGAGCGTGCGGTTTAATTTGACTCAARCACGGGGAACTTTACCAGATCC -GG
ACAAGACGTGGAGCGTGCGGTTTAATTTGACTCARCACGGGGARCTTTACCAGATCC -GG
ACAAGACGTGGAGCGTGCGGTTTAATTTGACTCARCACGGGGAACTTTACCAGATCC -GG

LEE RS R RN EE R EE SRR SRR RS SR R AR R R R R R Y L

1339
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ACAGGATGAGGATTGACAGATTGAGTGTTCTTTCTCGATTCCCTGAATGGTGGTGCATGS
ACAGGGTGAGGATTGACAGATGGAGTGTTCTTTCTCGATCCCCTGAATGGTGGTGCATGG
ACAGGGTGAGGATTGACAGATGGAGTGTTCTTTCTCGATCCCCTGAATGGTGGTGCATGG
ACAGGGTGAGGATTGACAGATGGAGTGTTCTTTCTCGATCCCCTGAATGGTGGTGCATGS
ACAGGGTGAGGATTGACAGATGGAGTGTTCTTTCTCGATCCCCTGAATGGTGGTGCATGG
ACAGGGTGAGGAT TGACAGATGGAGTGTTCTTTCTCGATCCCCTGAATGGTGGTGCATGG
ACAGGGTGAGGATTGACAGATTGAGTGTTCTTTCTCGATCCCCTGAATGGTGGTGCATGG
ACAGGGTGAGGATTGACAGATGGAGTGTTCTTTCTCGATCCCCTGAATGGTGGTGCATGG
ACAGGGTGAGGATTGACAGATTGAGTGTTCTTTCTCGATCCCCTGAATGGTGGTGCATGG
ACAGGGTGAGGATTGACAGATTGAGTGTTCTTTCTCGATCCCCTGAATGGTGGTGCATGG
ACAGGGTGAGGATTGACAGATTGAGTGTTCTTTCTCGATCCCCTGAATGGTGGTGCATGG
ACAGGGTGAGGATTGACAGATTGAGTGTTCTTTCTCGATCCCCTGRAATGGTGGTGCATGG
ACAGGGTGAGGATTGACAGATTGAGTGTTCTTTCTCGATCCCCTGAATGGTGGTGCATGG

T EE B R EEEEEESR A SRR EE R RS E RS S SS RN E SRR R R EERESEESSE

CCGCTTTTGGTCGGTGGAGTGATTTGTTTGGTTGATTCCGTCARCGGACGAGATCCAAGC
CCGCTTTTGGTCGGTGGAGTGATTTGTTTGGTTGATTCCGTCARCGGACGAGATCCAAGC
CCGCTTTTGGTCGGTGGAGTGATT TGTTTGGTTGATTCCGTCAACGGACGAGATCCAAGC
CCGCTTTTGGTCGGTGGAGTGATTTGTTTGGTTGATTCCGTCARCGGACGAGATCCAAGT
CCGCTTTTGGTCGGTGGAGTGATTTGTTTGGTTGATTCCGTCARCGGACGAGATCCARGT
CCGCTTTTGGTCGGTGGAGTGATTTGTTTGGTTGATTCCGTCAACGGACGAGATCCARGC
CCGCTTTTGGTCGGTGGAGTGATTTGTTTGGTTGATFCCGTCARCGGACGAGATCCRAGC
CCGCTTTTGGTCGGTGGAGTGATTTGTTTGGTTGATTCCGTCARCGGACGAGATCCAAGT
CCGCTTTTGGTCGGTGGAGTGATTTGTTTGGTTGATTCCGTCARCGGACGAGATCCAGGC
CCGCTTTTGGTCGGTGGAGTGATTTGTTTGGTTGATTCCGTCAACGGACGAGATCCAAGC
CCGCTTTTGGTCGGTGGAGTGATTTGTTTGGTTGATTCCGTCAACGGACGAGATCCAAGT
CCGCTTETGGTCGGTGGAGTGATTTGTTTGGT TGATTCCGTCARCGGACGAGATCCAAGT
CCGCTTTTGGTCGGTGGAGTGATTTGTTTGGTTGATTCCGTCARCGGACGAGATCCARGC

Fhhkrhkhh Ak ko rbdkh bk hkdhrr TN AT A I bk rrrcrxrrdrrhodr *o

TGCCCAGTAGAATTCAGAATTGCCCAT -—AGRATAGCARACTCATC ==~ ~m=~ GGCGGGT
TGCCCAGTAGGTGCCGGGATTGTCCACACAGGACAGCAGTCCCTCCGGCG~~~GGGATTT
TGCCCAGTAGGTGCCGGGATTGTCCACACAGGACAGCAGTCCCTCCEGLCG—-—GGGATTT
TGCCCAGTAGGTGCCGGGATTGTCCACACAGGACAGCAGTCCCTCCGGCG---GGGATTT
TGCCCAGTAGGTGCCGGGATTGTCCACACAGGACAGCAGTCCCTCCGGCG==--GGGATTT
TGCCCAGTAGGTGCCGGGATTGTCCACACAGGACAGCAGTCCCTCCGGLG-—-GGGATTT

TGCCCAGTAGGGCCCGTGATTGTCCACACAGGACAGCCTACCGTCGTGGGCACGSTGTGE
TGCCCAGTAGGGCCCGTGATTGTCCAC-—AGGACAGCATTCCGTCG- - —— ATGGCGTTC
CGCCCAGTAGGCCCCAGGTTCACGCAC--AGGACAGCAGCACGGTGG-———— CGGGCCCT
TGCCCAGTAGGATTCAGARTTGCCCAT--AGGATAGCAATCCCTTC = mar s CGCGGET
TGCCCAGTAGGATTCAGARTTGCCCAT--AGGATAGCAATCCCTTC - == =mm = CGCGGGT
TGCCCAGTAGGATTCAGAATTGCCCAT-—AGGATAGCAATCCCCTC - ————-— CGCGGGT
TGCCCAGTAGGATTCAGARTTGCCCAT~~AGGATAGCAATCCCTTC- —————— TGCGGGT
kx ko khhk x * *n k K Rkxdk *

TTTACCCAA----——- CEETGEGHCCE-—-~CATTCGGT -~ ———— GAATTCTTCTCTGC
TTTCCCCAA--—-——- CGGTGGTCGTCATCCTTCTTTTTACA- - -—GGCCCCTTCTCTGE
TTTCCCCAA-—===~~ CGGTGETCGTCATCCTTCT TP TTACA-———GGCCCCTECTCTGE
TTTCCCCAA----——- CGGTGETCGTCATCCTTCTTTTTACA----GGCCCCTTCTCTGE
TTTCCCCAR-—————— CGGTGETCGTCATCCTTCTTTTTACA- - ~-GGCCCCTTCTCTGE
TTTCCCCAR—-=—-—= CGGTGGTCGTCATCCTTCTTTFTACA- -~ —GGCCCCTTCTCTGE
TCCTTCCGGGGTATCTCGETGT TCCATGGCGGCGCTATCACACG--GGGTCCTTCTCTGE
GCGCGCCE===-===- TCGGCGG----———- AGCCTTATCACAAGAAGGGCCCTTCTCTGE
COLECCCAR-—————= CGCCGTCCG—-—-— CATCCGGTC---- =~ GGGGCCTTCTCTGE
TTTACCTAA--———-- GGGGGGGCGG--~~TATTCGT T -~ m= = GTATCCTTCTTTGC
TTTACCCAA-————-~ GGGGGGGCGG--—~TATTCGCTT-—~———— GTATCCTTCTCTGE
TTTTCCCAA---——-- GGAGGGGCGA----TATTCGTTT-—- -~~~ GTATCCTTCTCTGC
TTTACCCAA---——=~ TGEGGGGECEE-——~TATTCGTTT~——~——= GTATCCTTCTCTGC

k4 x * * & * A A E A koA k

GGGATTCCTTTGTAATTGCACAAGGTGARATTTTGGGCAACAGCAGGTCTGTGATGCTCC
GGGATTCCTTGCTTTTCGCGCARGGTGAGATTTTGGGCARCAGCAGGTCTGTGATGCTCC
GGGATTCCTTGCTTTTCGCGCAAGGTGAGATTTTGGGCAACAGCAGGTCTGTGATGCTCC
GGGATTCCTTGCTTTTCGCGCARGGTGAGATTTTGGGCAACAGCAGGTCTGTGATGCTCC
GGGATTCCTTGCTTTTCGCGCAAGGTGAGATTTTGGGCARCAGCAGGTCTGTGATGCTLC
GGGATTCCTTGCTTTTCGCGCAAGGTGAGATTTTGGGCARCAGCAGGTCTGTGATGCTCC
GGGATTCCTTGCC--CCGCGCAAGGTGAGATTTTGGGCAACAGCAGGTCTGTGATGCTCC
GGGATTCCTTGCC--ACGCGCAAGGTGAGATTTTGGGCAACAGCAGGTCTGTGATGCTCC
GGGATTCCTTGC - --ACGCGCAAGGTGAGATGC TGGGCAACAGCAGGTCTGTGATGCTCC
GGGATTCCTTGTT--TCGCGCAAGGTGAGATTTTGGGCAACAGCAGGTCTGTGATGCTCC
GGGATTCCTTGTT --TTGCGCAAGGTGAGATTTTGGGCAACAGCAGGTCTGTGATGCTCC
GGGATTCCTTGTT--TTGCGCAAGGTGAGATTTTGGGCAACAGCAGGTCTGTGATGCTCC
GGGATTCCTTGTT--TTGCGCAAGGTGAGATTTTGGGCAACAGCAGGTCTGTGATGLTCL

Xk odh o de ok ok ke k ok Ak hhkohhkh kow LA E 2 S REEE RS R S S R EEEEEREE R EE)

1608
1633
1636
1632
1633
1633
1657
1534
1552
1685
1692
1610
1624

1668
1693
1696
1692
1693
1693
1717
1594
1612
1745
1752
1670
1684

1719
1750
1753
1749
1750
1750
1717
1647
1665
1796
1803
1721
1735

1761
1799
1802
1798
1799
1799
1835
1692
1706
1838
1845
1763
1777

1821
1859
1862
1858
185%
1859
1893
1750
1763
1896
1803
1821
1835
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L. major
b18

Sam

Kai

T. brucei
T. evansi
T. congolense
T. simiae
T. vivax

T. rangeli
T. cruzi

T. theileri
T. lewisi
L. major
blg

Sam

Kai

T. brucei
T. evansi
T. congolense
T. simiae
T. vivax

T. rangeli
T. cruzi

T. theileri
T. lewisi
L. major
bisg

Sam

Kai

T. bruceil
T. evansi
T. congolense
T. simiae
T. vivax

T, rangeli
T. cruzi

T. theileri
T. lewisi
L. major
bl8

Sam

Kai

T. brucei
T. evansi
T. congolense
T. simiae
T. vivax

T. rangeli
T. cruzi

T. theileri
T. lewisi
L. major
bls

Sam

Kal

T. brucei
T. evansi
T. congolense
T. simiae
T. vivax

T. rangelil
r. cruzi

T. theileri
T. lewisi

TCAATGTTCTGGGCGACACGCGCACTACRATGTCAGTGAGAACAAGA - - -AAAACGACTT
TCAATGTTCTGGGCGACACGCGCACTACRATGTCAGTGAGARCARGAGTCCGAGCGGCAL
TCAATGTTCTGGGCGACACGCGCACTACAATGTCAGTGAGAACARGAGTCCGAGCGGCAC
TCAATGTTCTGGGCGACACGCGCACTACAATGTCAGTGAGAACARGAGTCCCAGCGGEAC
TCAATGTTCTGGGCGACACGCGCACTACAATGTCAGTGAGARACARGAGTCCGAGCGGCAC
TCAATGTTCTGGGCGACACGCGCACTACAATGTCAGTGAGAACARGAGTCCGAGCGGCAC
TCAATGTTCTGGGCGACACGCGCACTACAATGTCAGTGAGAACAAGAGTTACCGCGGCGT
TCAATGTTCTGGGCGACACGCGCACTACAATGTCAGTGAGAACAAGA - - -CACGCGGCAT
TCGATGCTCTGGGCGACACGCGCACTACAATGTCAGTGGGAACAAGA - = ~CACGCGGCTC
TCAATGTTCTGG-CGACACGCGCACTACAATGTCAGTGAGAACAAGA-—-AAAACGACGT
TCAATGTTCTGGGCGACACGCGCACTACAATGTCAGTGAGAACAAGA - - ~ARAACGACTC

TCAATGTTCTGGGCGACACGCGCACTACAATGTCAGTGAGAACARGA - - -BAAACGACTT
TCAATGTTCTGGGCGACACGCGCACTACRATGTCAGTGAGAACANGA-—-AAARCGACTT
LA A AR L LS S AR AEEEEE R EEEREEE TR R R R Y LA 2

TT-————= GTCGRACCTACTTGATCAARAGAGTGGGGAARCCCCGGAATCACATAGACCC

TTCACAATGTCGCTCCCGCTTGATCAARAGAGCGGGGAAACCACGGAATCACGTAGACCC
TTCACAATGTCGCTCCCGCTTGATCAAAAGAGCGGGGAAACCACGGAATCACGTAGACCE
TTCACAATGTCGCTCCCGCTTGATCARRAGAGC GGGGARACCACGGAATCACGTAGACCE
TTCACAATGTCGCTCCCGCTTGATCAARAGAGCGGGGARACCACGGAATCACGTAGACCC
TTCACAATGTCGCTCCCGCTTGATCAARAGAGCGGGGARACCACGGAATCACGTAGACCEC

Y GCCGCTCCCGCTTGATCAARAGAGCGGGGAAACCACGGAATCACGTAGACCC
CT-—-~—-- GCCGCTCCCGCTTGATCARAAGAGCGGGGAARCAMCGGAATCACGTAGACCT
———————— GCCGCGCCCGCCTGACC AAARGGGCGGGGAAGCACCGGARTCACGTAGACAL
TT-—r=== GTCGGACCTACTTGATCAAAAGAGTGGGARAACCCCGGAATCACGTAGACCC
TT-----—- GTCGGACCTACTTGATCARARGAGTGGGARRACCCCGGAATCACGTAGACCC
TT---=~- GTCGGACCTACTTGATCAARAGAGTGGGAAARCCCCGGAATCACATAGACCT
CP-—---- GTCGGACCTACTTGATCAARAGAGTGGGARARCCCCGGAATCACATAGACCE

* ok * * hkkok Ex ko k chrk khk ok RkkhhkkRerd dhkhhkd ¥

ACTTGGGACCGAGGATTGCARTTATTGGTCGCGCARCGAGGAATGTCTCGTAGGCGCAGT
ACTTGGGACCGAGTATTGCAATTATTGGTCGCGLAACGAGGAATGTCTCGTAGGCGCAGE
ACTTGGGACCGAGTATTGCAATTATTGGTCGCGCAACGAGGAATGTCTCGTAGGCGCAGE
ACTTGGGACCGAGTATTGCAATTATTGGTCGCGCAACGAGGAATGTCTCGTAGGCGCAGC
ACTTGGGACCGAGTATTGCAAT TATTGGTCGCGCAACGAGGAATGTCTCGTAGGCGCAGT
ACTTGGGACCGAGTATTGCAATTATTGGTCGCGCAACGAGGAATGTCTCGTAGGCGCAGT
ACTTGGGACCGAGTATTGCAATTATTGGTCGCGCARCGAGGAATGTCTCGTAGGCGCAGE
ACTTGGGACCGAGTATTGCAATTATTGGTCGCGCAACGAGGAATGTCTCGTAGGCGCAGC
ACTTGGGACCGAGTATTGCAATTATTGGTCGCGCAACGAGGAATGTCTCGTAGGCGCAGE
ACTTGGGACCGAGTATTGCAATTAT TGGTCGCGCAACGAGGAATGTCTCGTAGECGCAGT
ACTTGGGACCGAGTATTGCAATTATTGGTCGCGCAACGAGGAATGTCTCGTAGGCGCAGT
ACTTGGGACCGAGTATTGCARTTATTGGTCGCGCARCGAGGARTGTCTCGTAGGCGCAGT
ACTTGGGACCGAGTATTGCARTTATTGGTCGCGCARCGAGGAATGTC TCGTAGGCGCAGT

L2 R EER L L AR AR SR AR SR RS EEEEREEE R LR R R R R ]

TCATCAAACTGTGCCGATTACGTCCCTGCCATTTGTACACACCGCCEGTCGTTGTTTCCG
TCATCAAARCTGTGCCGATTACGTCCCTGCCATTTGTACACACCGCCCGTCGTTGTTTCCG
TCATCAAACTGTGCCGATTACGTCCCTGCCATTTGTACACACCGCCCGTCGTTGTTTCCG
TCATCAAACTGTGCCGATTACGTCCCTGCCATTTGTACACACCGCCCGTCGTTGTTTCCG
TCATCAAACTGTGCCGATTACGTCCCTGCCATTTGTACACACCGCCCGTCGTTGTTTCCG
TCATCAAACTGTGCCGATTACGTCCCTGCCATTTGTACACACCGCCCGTCGTTGTTTCCG
TCATCAAACTGTGCCGATTACGTCCCTGCCATTTGTACACACCGCCCGTCGTTIGTTTCCG
TCATCAAACTGTGCCGATTACGTCCCTGCCATTTGTACACACCGCCCGTCGTTGTTTCCG
TCATCAAACTGCGCCGATTACGTCCCTGCCATTTGTACACACCGCCCGTCGTTGTTTCCG
TCATCAAACTGTGCCGATTACGTCCCTGCCATTTGTACACACCGCCCGTCGTTGTTTCCG
TCATCARACTGTGCCGATTACGTCCCTGCCATTTGTACACACCGCCCGTCGTTGTTTCCG
PCATCARACTGTGCCGATTACGTCCCTGCCATTTGTACACACCGCCCGTCGTTGTTTCCG
TCATCAAACTGTGCCGATTACGTCCCTGCCATTTGTACACACCGCCCGTCGTTGTTTCCG

AR SRR LR LEELEREEEEEE R R R R R e R R R e T L o

ATGATGGTGCAATACAGGTGATCGGACAGGCG-GTGTTTTATCCGCCCGARAGTTCACCE
ATGATGGTGCAATACAGGTGATCGGACCGTCGCTCGTCTCGGGCGACCGAAAGTTCACCG
ATGATGGTGCAATACAGGTGATCGGACCGTCGCTCGTCTCGGGCGACCGARAGTTCACCS
ATGATGGTGCAATACAGGTGATLCGGACCGTCGCTCGTCTCGGGCGACCGAARAGTTCACCS
ATGATGGTGCAATACAGGTGATCGGACCGTCGCTCGTCTCGGGCGACCGAAAGTTCACCS
ATGATGGTGCAATACAGGTGATCGGACCGTCGCTCGTC TCGEGCGACCGAAAGTTCACCS
ATGATGGTGCAATACAGGTGATCGGACCGTCGCGTGTCTCACGTGACCGAARGTTCACCG
ATGATGGTGCAATACAGGTGATCGGACCGTCGCGTGTTTCACGLGACCGAAAGTTCACCG
ATGCTGGCGCAATACAGGTGATTGGACCGCCGGGCGCCTCGCLCG-CGGGAAGTTCACCG
ATGATGGTGCAATACAGGTGATCGGACAGTCGAGTGTCTCATTCGACCGARAGTTCACCS
ATGATGGTGCAATACAGGTGATCGGACAGTCGAGTGCTTCACTTGACCGARAGTTCACCG
ATGATGGTGCAATACAGGTGAACGGACAGTCGAACGTTTCGTTTGACCGARAGTTCACCG
ATGATGGTGCAATACAGGTGATCGGACAGTCGGGTGTTTCATCTGACCGAAAGTTCACCS

dhkk hkk Wk ok kA kK Nk ok ok ok ok L I I ) * * * ok ok Wk ok ko ok ok

1878
1919
1522
1518
1219
1319
1953
1807
1820
1952
1960
1878
1892

1932
1879
1982
1878
1979
1979
2067
1861
1872
2006
2014
1532
1946

1992
2039
2042
2038
2039
2039
2067
1921
1932
2066
2074
1992
2006

2052
2099
2102
20098
2098
2099
2127
1981
1992
2128
2134
2052
2066

2111
21589
2162
2158
2159
2159
2187
2041
2051
2186
2194
2112
2126
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L. major
bl8

Sam

Kai

brucei
evansi
congolense
simiae
vivax
rangeli
cruzi
theileri
lewisi

ATATTTCTTCAATAGAGGAAGCARAAGTC
ATATTGCTTCAATAGAGGARGCARAAGTC
ATATTGCTTCAATAGAGGARGCAAAAGTC
ATATTGCTTCAATAGAGGARAGCAAANGTC
ATATTGCTTCARTAGAGGAAGCAAAAGTC
ATATTGCTTCAATAGAGGRAGCAARAGTC
ATATTGCTTCAATAGAGGAAGCAAAAGTC
ATATTGCTTCAATAGAGGAAGCADAAGTC
ATATTGCCTCATTAGAGGAAGCAARAAGTC
ATATTTCTTCAATAGAGGARGCARARGTC
ATATTTCTTCAATAGAGGAAGCAARAGTC
ATATTTCTTCAATAGAGGAAGCAAMAGTC
ATATTTCTTCAATAGAGGAAGCARMAGTC

ThAFE K hkk kA A I AAT TR Ak Ak k bk

2140
2188
2191
2187
2188
2188
2216
2070
2080
2215
2223
2141
2155
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Table 9 Nucleotide sequence alignment of ITS region of T. evansi compared to different

stocks of T. brucei and T. congolense.

T. congolense GGTGATCGGACCGTCGCGTGTCTCACGTGACCGARAGTTCACCGATATTGCTTCARTAGA 60
bi5.1f GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGAAAGTTCACCGATATTGCTTCARTAGA 60
b15.2f GGTGATCGGACCGTCGUTCGTCTCGGGCGACCGARAGTTCACCGATATTGCTTCAATAGA 60
bl17.1f GGTGATCGGACCGTCGCTCGTCTCGEGCGACCGAAAGTTCACCGATATTGCTTCANATAGA 60
bl7.2f GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGAAAGTTCACCGATATTGCTTCAATAGA 60
blg.1f GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGAARGTTCACCGATATTGCTTCAATAGA 60
blg.2f GGTGATCGGACCGTCGCTCGTCTCGGGEGACCGARRGTTCACCGATATTGCTTCAATAGA 60
sam.1lf GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGARAGTTCACCGATATTGCTTCAATAGA 60
sam.2f GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGARAGTTCACCGATATTGCTTCAATAGA 60
kai.lf GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGAAAGTTCACCGATATTGCTTCAATAGA 60
kai.2f GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGAARGTTCACCGATATTGCTTCAATAGA 60
T. evansi GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGAARGTTCACCGATATTGCTTCAATAGA 60
T. brucei GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGARAGTTCACCGATATTGCTTCAATAGE 60
T. brucei NW2 GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGARAGTTCACCGATATTGCTTCAATAGRE 60
T. brucei TH2 GGTGATCGGACCGTCGCTCGTCTEGGGCGACCGARAGTTCACCGATATTGCTTCAATAGA 60
T. brucei bal972 GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGARAGTTCACCGATATTGCTTCARTAGA 60
T. brucei B8/18 GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGARAGTTCACCGATATTGCTTCAATAGA 60
T. brucei KpPZ GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGARAGT TCACCGATATTGCTTCAATAGA 60
T. brocei STIBZ1S5 GGTGATCGGACCGTCGCTCGTCTCGGGCGACCGRAAGT TCACCGATATTGCTTCAATAGA 60
T. brucei H3 GGTGATCGGACCGTCGCTCGTCTCGEGCGACCGAR-GTTCACCGATATTGCTTCAATAGA 59
AR RS A SRS ERSESESS] * x kK dh kkdwrhR hhk ARk Ak AR Ak koo bk ok ok
T. congolense GGAAGCAARAGTCGTAACAAGGTAGCTGTAGGTGARCCTGCAGCTGGCTCATTTTCCGAT 120
bl5.1f GGAAGCARARGTCGTAACAAGGTAGCTGTGGGTGAACCTGCAGCTGGATCATTTTCTGAT 120
b15.2f GGAAGCAAAAGTCGTAACAAGGTAGCTGTAGGTGAACCTGCAGCTGGATCATTTTCTGAT 120
bl7.1f GGAAGCAARAGTCGTAACAAGGTAGCTGTAGGTGAACCTGCAGCTGGATCATTCTCTGAT 120
bl7.2f GGAAGCRAAAGTCGTAACARGGTAGCTGTAGGTGAACCTGCAGCTGGATCATTTTCTGAT 120
bl8.1f GGAAGCAAAAGTCGTRACAAGGTAGCTGTAGGTGAACCTGCAGCTGGATCATTTTCTGAT 120
blg.2f GGRAGCAARAAGTCGTRACAAGGTAGCTGTAGGTGAACCTGCAGCTGGATCATTTTCTGAT 120
sam.1f GGAAGCAARMAGTCGTARCARGGTAGCTGTAGGTGAACCTGCAGCTGGATCATTTTCTGAT 120
sam,Z2f GGARAGCAARAGTCGTARCAAGGTAGCTGTAGGTGAACCTGCAGCTGGATCATTTTCTGAT 120
kai.lf GGAAGCAARAGTCGTAACAAGGTAGCTGTAGGTGRACCTGCAGCTGGATCATTTTCTGAT 120
kai.zf GGAAGCARAAGTCGTAACAAGGTAGCTGTAGGTGAACCTGCAGCTGGATCATTTTCTGAT 120
T. evansi GGAAGCAAAAGTCGTAACARGGTAGCTGTAGGTGAACCTGCAGCTGGATCATTTTCTGAT 120
T. brucei GGAAGCARRAGTCGTAACAAGGTAGC TGTAGGTGAARCCTGCAGCTGGATCATTTTCTGAT 120
T. brucei NWZ2 GGAAGCARRAGTCGTARCAAGGTAGCTGTAGGTGAACCTGCAGCTGGATCATTTTCTGAT 120
T. brucei TH2 GGAARGCARRAGTCGTAACARGGTAGCTGTAGGTGRACCTGCAGCTGGATCATTTTCTGAT 120
T. brucei Dal972 GGAAGCAAAAGTCGTAACAARGGTAGCTGTAGGTGAACCTGCAGCTGGATCATTTTCTGAT 120
T. brucei B8/18 GGAAGCARRAGTCGTAACAAGGTAGCTGTAGGTGAACCTGCAGCTGGATCATTTTCTGAT 120
T. brucei KP2 GGARGCARARGTCGTAACAAGGTAGCTGTAGGTGAACCTGCAGCTGGATCATTTTCTGAT 120
T. brucei STIB215 GGAAGCAAAAGTCGTAACAAGGTAGCTGTAGGTGAACCTGCAGCTGGATCATTTTCTGAT 120
T. brucei H3 GGAAGCAAARGTCGTAARCAAGGTAGCTGTAGGTGARCCTGCAGCTGGATCATTTTCTGAT 119

Tk TRk kA bk hdkhhdhhkd khkdrdhkhhkrrh AT akxd Fhdkd % %

T. congolense Gm===== ATAARRAAAGTATACATACATATGTGTACGTGTAGTGTAGGT-GTGTGCTATCG 173
bl5.1f ATCCATTATACAAAARAGAGCATATTTATGTGCATGTATAAATTGCACAGTATGCARACCA 180
bl5.2f ATCCATTATACGAARARAGAGCATATTTATGTGCATGTATAAATTGCACAGTATGCAACCA 180
bl7.1f - ATCCATTATACGAAAAAGAGCATATTTATGTGCATGTATAAATTGCACAGTATGCAACCA 180
bl7.2f ATCCATTATACGARARAGAGCATATTTATGTGCATGTATAAATTGCACAGTATGCAACCA 189
pl8.1f ATCCATTATACARAARRAGAGCATATTTATGTGTATGTATAA-TTGCACAGTATGCAACCA 179
pl8.2f ATCCATTATACGAAARAGAGCATATTTATGTGCATGTATAAATTGCACAGTATGCAACCA 180
sam.1f ATCCATTATACARAARAGAGCATATTTATGTGCATGTATAA-TTGCACAGTATGCAACCA 179
sam.2f ATCCATTATACARAAAAGAGCATATTTATGTGCATGTATARATTGCACAGTATGCAACCA 180
kai.lf ATCCRTTATACAAAAAAGAGCATATTTATGTGCATGTATARATTGCACAGTATGCAACCA 180
kai.2f ATCCATTATACAARAAAGAGCATATTTATGTGCATGTATARATTGCACAGTATGCAACCA 180
T. evansi ATCCATTATACARAARAGAGCATATTTATGTGCATGTATAAATTGCACAGTATGCAACCA 180
T. brucei ATCCATTATACAAAAAAGAGCATATTTATGTGCATGTATAA-TTGCACAGTATGCAACCA 179
T. brucei NW2 ATCCATTATACAAARAAGAGCATATTTATGTGCATGTATAAATTGCACAGTATGCARCCA 180
T. brucei THZ ATCCATTATACAAARAAGAGCATATTTATGTGCATGTATAARTTGCACAGTATGCAACCA 180
T. brucei Dal972 ATCCATTATACAAAMARGAGCATATTTATGTGCATGTATARATTGCACAGTATGCAACCA 180
T. brucei B8/18 ATCCATTATACAAARAAGAGCATATTTATGTGCATGTATARATTGCACAGTATGCAACCA 180
T. brucel KP2 ATCCATTATACAAAARAGAGCATATTTATGTGCATGTATARATTGCACAGTATGCAACCA 180
T. brucei STIB215 ATCCATTATACARARAAGAGCATATTTATGTGCATGTATAA-TTGCACAGTATGCAACCA 179
T. brucei H3 ATCCATTATACAARAAAGAGCGTATTTATGTGCATGTATAA-TTGCACAGTATGCARCCA 178

*kk EER ] EE ) Eh A A KN h E* KN * *F khkk Ak *



T. congolense

bl5.
bl5.
bl7.

bl7

big.
blsg.

1f
2f
if
L2f
1f
2f

sam.1lf
sam.2f

kai.

kai

FRARAHRARREN

T.

bl5.

bls

bl7.

bl7

pl8.
big.
Samm.
sam.
kai.
i.2f

=
o
"

ICRC LR B e

1f

2f

evansi
brucei
brucei
brucei
brucei
brucei
brucei
brucei
brucei

Nw2

TH2
Dal972
B8/18
Kp2
STIB215
H3

congolense

1f
.2f
if
.2f
1f
2f
1f
2f
1f

evansi
brucei
brucei
brucei
brucei
brucei
brucei
brucei
brucei

NW2

TH2
Dal972
B8/18
KpP2
STIB215
H3

T. congolense

bl5.
bl5.
bl7.

bl7

bls.

blg

sam,
sam.
kai.

kai

PARPHRARSS

1f
2f
if
2
1f
L2
1£
2f
1f
2f
evansi
brucei
brucei
brucei
brucei
brucei
brucei
brucei
brucel

NW2

THZ
Da1872
B8/18
KPZ
STIB215
H3

ARGGTTGTTGTTGTGTGCTTGTGTGCCCCTCGCTCATGCGCATCCCCATCCCGCACGCEC 233

AAAAT—=—=r == ATACATATATGTTTTACATGTATGTGT == s oo — oo 212
BAAAT--------~- ATACATATATGTTTTACATGTATGTGT ——— =~ === mmmmmmm—— e 212
AAAAT--———-—-- ATACATATATGTTTTACATGTATGTGT ~——~====== == m— o 212
ARAAT-—-—————— ATACATATATGTTTTACATGTATGTGT == == —mm = —mm e 212
ARAAT-—------~ ATACATATATGTTTTACATGTATGTG T~~~ =~ ————mmmm———— 211
BAART-—-—~mmmm ATACATATATGTTTTACATGTATGTGT——~=======—m - —— = o 212
ARRAT--————-—- ATACATATATGTTTTACATGTATGTGT === === ———m—— e m - — 211
ARAAT--------- ATACATATATGTTTTACATGTATGTGT —————==m———— e o ———— 212
AARAT--———---- ATACATATATGTTTTACATGTATGTGT —-=mmm==mm=oo———— e 212
ABRAATw==mwmm - ATACATATATGTTTTACATGTATGTGT -~ === === mmmme 212
ARAAT-—————~r~= ATACATATATGTTTTACATGTATGTG T == memmmmmmm e mmmm 212
ARAAT-———————- ATACATATATGTTTTACATGTATGTGT ——— ——— === - mm—m e = — 211
ARAAT----~--—- ATACATATATGTTTTACATGTATGTGT ~———————=~——=——m o 212
ARART---—-—-=- ATACATATATGTTTTACATGTATGTGT ———~ === === ———— 212
BRAAT-——————-— ATACATATATGTTTTACATGTATGTGT -~~~ ——~===== == e—— 212
ABAAT===r==m=m= ATACATATATGTTTTACATGTATGTGT ===~ -—————m———————— 212
AAART-~——————— ATACATATATGTTTTACATGTATGTGT ~~——— == —— e 212
ARAAT---————-- ATACATATATGTTTTACATGTATGTGT~ ——=mmmmm o ——mm—m— o 211
ARAAT--—~~-——- ATACATATATGTTTTACATGTATGTGT—=———=====co——meem 210
L& * * ok ko kh e L B

CAGTGTTTTGTGTGCTGTGCGATGCGGTGTGTGTTGGGTCGCGCATTGTCGGLGCTGTGA 293
————— TTCTATATGCCGTTTGACATGGGAGATGAGGGATGCTARACA--TAGTTCTGTTA 265
----- TTCTATATGCCGTTTGACATGGGAGATGAGGGATGCTATACA--TAGTTCTGTTA 265
————— TTCTATATGCCGTTTGACATGGGAGATGAGGGATGCTATACA--TAGTTCTGTTA 265
————— TTCTATATGCCGTTTGACATGGGAGATGAGCGATGCTATACA--TAGTTCTGTTA 265
————— TTCTATATGCCATTTGACATGGGAGATGAGGGATGTTATATA~~TAGTTCTGTTA 264
————— TTCTATATGCCGTTTGACATGGGAGATGAGGGATGCTATACA-~TAGTTCTGTTA 265
----- TTCTATATGCCGTTTGACATGGGAGATGAGGGATGTTATATA--TAGTTCTGTTRA 264
————— TTCTATATGCCGTTTGACATGGGAGATGAGGGATGCTATACA-—TAGTTCTGTTA 265
————— TTCTATATGCCGTTTGACATGGGAGATGAGGGATGCTCTACA--TAGTTCTGTTA 265
————— TTCTATATGCCGTTTGACATGGGAGATGAGGGATGCTATATA~-TAGTTCTGTTA 265
————— TTCTATATGCCGTTTGACATGGGAGATGAGGGATGCTATACA~-TAGTTCTGTTA 265
----- TTCTATATGCCGTTTGACATGGGAGATGAGGGATGTTATATA--TAGTTCTGTTA 264
————— TTCTATATGCCGTTTGACATGGGAGATGAGGGATGCTATACA-~TAGTTCTGTTA 265
————— TTCTATATGCCGTTTGACATGGGAGATGAGGGATGCTATACA-~-TAGTTCTGTTA 265
————— TTCTATATGCCGTTTGACATGGGAGATGAGGGATGCTATACA-~TAGTTCTGTTA 265
————— TTCTATATGCCGTTTGACATGGGAGATGAGGGATGCTATACA--TAGTTCTGTTA 265
----- TTCTATATGCCGTTTGACATGGGAGATGAGGGATGCTATACA--TAGTTCTGTTA 265
————— TTCTATATGCCGTTTGACATGGGAGATGAGGGATGTTATATA--TAGTTCTGTTA 264
----- TTCTACATGCCGTTTGACATGGGAGATGAGGGATGTTATATA--TAGTTCTGTTA 263

* kW * k& * ** ¥ & & *Hh ok * * ok dedr W

TGTGCCGGCCACGAACCTTGAARACCTTGAAGCACGTCTCGCGAARCACACGTGTCCARG 353

TTTTCT=-—=-———==rm=—=mmwn e o ATCATGT-—=--—-—-~- ATGTGTGTTAGAG 291
TTTTCT-—————=====—==——— === ATCATGT~~-——===== ATGTGTGTTAGAG 291
TTTTCT-————————====—m—m—m—mm - ATCATGT-~-—------ ATGTGTGTTAGAG 291
TTTTCT--——-=-====—————————~mn RTCATGT---———=-=~ ATGIGTGTTAGAG 291
TTTTCT-———————————===——mmmm— - BATATGT-~———————- ATGTGTGTTAGAG 290
TTTTCT === ===~ —= === ————— e m ATCATGT--—~~===~~- ATGTGTGTTAGAG 291
TTTTCT-——- === === === === mme e AATATGT-~--——--~~ ATGTGTGTTAGAG 290
TTTTCT-——--—==—=-===—=————=m=x ATCATGT---------- ATGTGTGTTAGAG 291
TTTTCT--—-——=——=——————=——— - ATCATGT==~—-———-=-- ATGTGTGTTAGAG 291
TTTTCT==m= === === mm e e ATTATGT-—-—-==--~ ATGTGTGTTAGGG 291
TTTTCT-—==————————~—m=———mmmem ATCATGT---—-—~——- ATGTGTGTTAGAG 291
TTTTCT-—--===—=—————————— === AATATGT--—-—---—- ATGTGTGTTAGAG 290
TTTTCT-—~~=========-——— === === ATCATGT=~-——-———~ ATGTGTGTTAGAG 291
TTITCT-—===-—=======——m—m—mmmu ATCATGT-—-=====—~ ATGTGTGTTAGAG 291
TTTTCT~=~=——========—==———omu ATCATGT--r=====~- ATGTGTGTTAGAG 291
TTTTCT-mm========memm——— o meme ATCATGT-~—-——-~=- ATGTGTGTTAGAG 291
TTPTCT-—————~— === =mmmmm e ATCATGT---~—----- ATGTGTGTTAGAG 291
TTTTCT~ === === === === === = mmm e ARTATG T~ == === ATGTGTGTTAGAG 290
TTTTCT - === === == mmm—mm e = AATATGT----—---—~ ATGTGTGTTAGAG 289

E R * LR * LR *
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T. congolense

bl5.1f
bl5,.2f
bl17.1f
bl7.2f
bl18.1f
bl8.2f
sam.1lf
sam.2f
kai.lf
kai.2f
evansi
brucei
brucei
brucei
brucei
brucei
brucei
brucei
brucei

Nw2

TH2
Dal972
B8/18
Kp2
STIB215
H3

T. congolense

B15.1fF
bl5.2f
bl7.1f
bl7.2¢
bl8.1f
bl8.2f
sam.1f
sam.2f
kai.lf
kai.z2f
evansi
brucei
brucei
brucei
brucei
brucei
brucei
brucei
brucei

NWZ2

THZ
Dal§72
B8/18
Kp2
STIB21S5
H3

T, congolense

bl5.1f
bl5.2f
bl7.1f
bl7.2f
blB.1f
blB.2f
sam.1f
sam.2f
kai.lf
kai.2f
evansi
brucei
brucei
brucei
brucei
brucei
brucei
brucei
brucei

AANEEEEES

NW2

TH2
Dal972
B8/18
KB2
STIB2135
H3

CACGCGTCTCCATGTCGCTGTCTCTCTCTTGTGTTGCGAAGATGCTTACTGTCGTGTTTG

____________ TGTC~-—~~~~—--~—-TGTGTT---AATATACTTTTTA--ATGCATG
____________ TGTCw-====-——~———TGTGTT---AATATACTTTTTA--ATGCATG
____________ TGTC-~-=+~----~—--TGTGTT---AATATACTTTTTA--ATGCATG
____________ TGTC— ==~ ===~~~ —TGTGTT~~-AATATACTTTTTA--ATGCATG
____________ TGTC--+»====~-—-——TGTGTT~--AATATACTTTTTA-~ATGCATG
____________ TGTC- - ===~~~ —-—~~TGTGTT---AATATACTTTITTA -ATGCATG
____________ TGTC--~~-—-—~———-TGTGTT---AATATACTTTTTA- -ATGCATG
____________ TGTC-~~-—--=--—-=TGTGTT---AATATACTTTTTA--ATGCATC
____________ TGTC-——rem——~ =~ ~TGTGTT-~-AATATACTTTTTA--ATGCATG
____________ TGTC~-====~--—-—-TGTGIT---AATATACTTTTTA-~ATGCATG
____________ TGTC~-=—==--—— -~ TGTGTT--~AATATACTTTTTA--ATGCATG
____________ TGTC-~—-~~-----~-TGTGTT-~-AATATACTTTTTA--ATGCATG
____________ TGTC-~==-===~--—=-TGTGTT~--AATATACTTTTTA~-ATGCATG
____________ TGTCw——===~-----~TGTGTT---AATATACTTTTTA- -ATGCATG
____________ TGTC-~=—-—-—~-——-TGTGTT-~-AATATACTTTTTA-~ATGCATG
____________ TGTC-————~~-————-TGIGTT---AATATACTTTTTA~-ATGCATG
____________ TGTC-—==-——r=u———TGTGTT---AATATACTTTTTA-~-ATGCATG
____________ TGTC-~—-—==w————~TGTGTIT--~AATATACTTTTTA--ATGCATG
____________ TGTC-—~==~—=-~=~—-TGTGTT---AATATACTTTTTA--ATGCATG

ok ok drok ok ok ok ok LR L X E] * 4 i L

CTCCGCCAGGCGGCGCGGCCGTGACGTATGTGTCCGCAAAGACAAAAGAAGGGTGTGGAG

CICTACATAATA-TACAGTAGTAAT~—— == ———m==e ARCACAGAGAATACGTATGGAA
CTCTACATAATA-TACAGTAGTAAT-~———~—————mu AACACAGAGAATACGTATGGAR
CTCTACATAATA-TACAGTAGTAAT ——m==—-—mm e AACACAGAGAATACGTATGGAA
CTCTACATAATA-TACAGTAGTAAT - —~===—— - AACACAGAGARTACGTATGGAA
CTCTACATAARTA-TACAGTAGTGAT-—————==———~- AACAAAGAGAATACGTATGTAR
CTCTACATARTA-TACAGTAGTAAT -~ ————=u———~ AACACAGAGRATACGTATGGAA
CTCTACATAATA-TACAGTAGTGAT«————~~————~—~ ARCAAAGAGAATACGTATGGAR
CTCTACATAATA-TACAGTAGTART-—~==w-—m—m e AACACAGAGRATACGTATGGAR
CTCTACATAATA-TACAGTAGTAAT ~—————===———— AACACAGAGAATACGTATGGARA
CTCTACATAATA-TACAGTAGTAAT—————~——m=u—— AACACAGAGAATACGTATGGAA
CTCTACATAATA-TACAGTAGTAAT - —r==————mm e ARCACAGAGARTACGTATGGAA
CTCTACATAATA-TACAGTAGCAAT - -——~=m e e AACACAGAGAATACGTATGTAA
CTCTACATARTA-TACAGTAGTAAT ——~—————==awu— AACACAGAGAATACGTATGGAR
CTCTACATAATA~TACAGTAGTAAT ~———~—————m=v ARCACAGAGAATACGTATGGAR
CTCTACATAATA-TACAGTAGTAAT —m=w———— e AACACAGAGARTACGTATGGAR
CTCTACATAATA-TACAGTAGTAAT ——~==~———mm e ARCACAGAGAATACGTATGGAR
CTCTACATAATA-TACAGTAGTAAT- ———===w———mm AACACAGAGARTACGTATGGAA
CTCTACATAATA-TACAGTAGTAAT -~~~ ———== = e AACAAAGAGAATACGTATGTAR
CTCTACATAATA-TACAGTAGTAAT ————————m==—— AACAAAGAGAATACGTATGGAR
ko * * ok ¥ * *hk ok * LA I S

GAGACGGCGTGTTCTTATGCCGCCTGACGCTTTTTGTGTGCGCACCGGCTCGGCTCACTT

Te——=- GCGTATCTCTCT--“—ATATATA—TTTATGTATATATGCTATGT——GT——ATAT
T-===- GCGTATCTCTCT-—--ATATATA-TTTATGTATATATGCTATGT--GTGTATAT
T----- GCGTATCTCTCT--——ATATATA-TTTATGTATATATGCTRTGT—-GTGTATAT
T---— GCGTATCTCTCT——~~ATATATA-TTTATGTATATATGCTATGT -~GTGTATAT
T-~-=-- GCGTATCTATCTATCTATATATA—TATATGTATATATGCTATGT—-GT——ATAT
T===-- GCGTATCICTCT----ATATATA-TTTATGTATATATGCTATGT --GTGTATAT
T—w=== GCGTATCTCTCT'*-—ACATATA—TTTATGTATATATGCTATGT—-GT——ATAT
Te==—- GCGTATCTCTCT---~ATATATA-TTTATGTATATATGCTATGT-~GT~-ATAT
T-===- GCGTATCTCTCT----ATATATA-TTTATGTATATATGCTGTGT--GT--ATAT
T==——= GCGTATCTCTCT————ATATATA~TTTATGTATATATGCTATGT-—GT-—ATAT
T-m==- GCGTATCTCTCT-~—-ATATATA~-TTTATGTATATATGCTATGT - ~GTGTATAT
T--—--- GCGTATCTATCT————==w——— A-TCTATGTATATATGCTATGT--GT--ATAT
T--—-- GCGTATCTCTCT-~~~-ATATATA-TTTATGTATATATGATATGT -—GT~-ATAT
T=———- GCGTATCTCTCT----ATATATA~TTTATGTATATATGATATGT - ~GT~~ATAT
Te-—==- GCGTATCTCTCT--~-ATATATA-TTTATGTATATATGCTATGT~-GT-~ATAT
Te==—- GCGTATCTCTCT----ATATATA-TATGTGTATATATGATATGT-~GT--ATAT
Tr=——- GCGTATCTCTCT----ATATATA-TATGTGTATATATGATATGT-—GT - -ATAT
T-=-— GCGTATCTCTCTAT--ATATATA-TATATGTATATATGCTATGT--GT-~ATAT
T-n—-- GCGTATCTCTCTATCTATATATA-TATATGTATATATGCTATGT--GT--ATAT

L 5 * * * ok kA k K * * * *

413
321
321
321
321
320
321
320
321
321
321
321
320
321
321
321
321
321
320
319

473
367
367
367
367
366
367
366
367
367
367
387
366
367
387
367
387
367
366
365

533
413
415
415
415
416
415
412
413
413
413
415
406
413
413
413
413
413
414
415
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T. congolense

bi5.1f
bl5.2f
bl?.1t
bl7.2f
b18.1f
b1B8.2f
sam.1f
sam,2f
kai.lf
kai.z2f
evansi
brucei
brucei
brucei
brucei
brucei
brucei
brucei
brucei

HRRmanaas

NW2

TH2
Dalg72
B8/18
Kp2
STIB215
H3

T. congolense

bl5.1f¢f
bi5.2f
bl7.1f
bl7.2£
blg. 1t
blg.2¢t
sam.1lf
sam.2f
kai.lf
kai.2f
evansi
brucei
brucei
brucei
brucei
brucei
brucei
brucei
brucei

.

SEEREEETE

NW2

THZ
Dal972
B8/18
KP2
$TIBZ215
H3

T. congolense

bl5.1f
bl5.2f
b17.1f
bl17.2f
bl18.1f
blB.2f
sam.1f
sam,2f
kai.lf
kai.2f
evansi
brucei
brucei
brucei
brucei
brucei
brucei
brucei
brucei

NSRS

NW2

THZ
Dala7z
u8/18
Kp2
STIB215
H3

TTTCCTCCCTCTCCTCTTTTCCTCCTCTTCTTTTCCCCGCCTTCCCACGTGTGTTGGGAG 593

CAACCTC= -~ -GCATATTTTCTCCCT — == == == = —m——m == = — e me e 435
CAACCTC--~~GCATATTTTCTCCCT - o = mm = m oo oo, 437
CAACCTC—-——GCATATTTTCTCCCT T~~~ v mmmmmmw s - m oo 437
CARCHTC-==~GCATATTTTCTCCC T~ = === =~ —m m e o 437
CAACCTC—===GTATATTTTCTCCCT ~ = =~ = == === — = mmm oo 438
CAACCTC----GCATATTTTCTCCC T -~~~ ==~ m—mm e e e 437
CAACCTC-—~-GCATATTTTCTCCET ~ = m == m—mmor - ——— —mm e 434
CRACCTE-~—~GEATATTTTCTECCT ==~ = == == = o m m oo m e 435
CAACCTC=-——GCATATTTTCTCCCT == === === —mmmm = e m e 435
CAACCTC-—-—GCATATTTTCTCC T~ m s m st m = mm oo oo oo, 435
CARCCTC————GCATATTTTCTCC T = = == == — == s oo 437
AARCCTC-——-GCATATTTTCTCCCT = mmmmmmmmm - m e 428
CARCCTC= = = ~GCATATTTTCTCCCT— =~ = mm = m m m e m o e — e e = 235
CAACCTC~=~-GCATATTTTCTCCCT~— ===~~~ — === == o e 435
CAACCTC-~~-GCATATTTTCTCCCT == === == ——mmm = = e o 435
CARCCTC-—--GCATATTTTCTCCCT = m == —mmmm = = o o e 435
CARCCTC~~-~GEATATTTTCTCCCT — - mm = m st mm mmmmmm e oo mm 435
CAACCTCC-—-GCATATTETCTCC T~ === === == m = ma oo 437
CRACCTC-=~=GCATATTTTCTCCCT~=~—-——-~ BT 437
ok A wkkhow * A

AGGACAGAGGGCAAGAAGGCGTGGTGTATTTGGAGGAATGTGCGGEGTGARATGGTGARR 653

GCGTGCGTGCGTGLGCAGGCGTTGGTCACGGCTCTCACARCGTGTCGCGATGGATGACTT 713
———————————————————— GTTGACCACGGCTCCCACAACGTGTCGCGATGGATGACTT 475
———————————————————— GTTGACCACGGCTCCCACAACGTGTCGCGATGGATGACTT 477
-------------------- GTTGACCACGGCTCCCACAACGTGTCGCGATGGATGACTT 477
-------------------- GTTGACCACGGCTCCCACAACGTGTCGCGATGGATGACTT 477
-------------------- GTTGACCACGGCTCCCACARCGTGTCGCGATGGATGACTT 479
-------------------- GTTGACCACGGCTCCCACAACGTGTCGCGATGGATGACTT 477
———————————————————— GTTGACCACGGCTCCCACARACGTGTCGCGATGGATGACTT 474
———————————————————— GTTGACCACGGCTCCCACAACGTGTCGCGATGGATGACTT 475
-------------------- GTTGACCACGGCTCCCACAACGTGTCGCGATGGATGACTT 475
-------------------- GITGACCACGGCTCCCACARCGTGTCGCGATGGATGACTT 475
———————————————————— GTTGACCACGGCTCCCACAACGTGTCGCGATGGATGACTT 477
———————————————————— GTTGACCACGGCTCCCACARCGTGTCGCGATGGATGACTT 468
-------------------- GTTGACCACGGCTCCCACARCGTGTCGCGATGGATGACTT 475
-------------------- GTTGACCACGGCTCCCACARCGTGTCGCGATGGATGACTT 475
———————————————————— GTTGACCACGGCTCCCACAACGTGTCGCGATGGATGACTT 475
———————————————————— GTTGACCACGGCTCCCACAACGTGTCGCGATGGATGACTT 475
———————————————————— GTTGACCACGGUTCCCACAACGTGTCGCGATGGATGACTT 475
———————————————————— GTTGACCACGGCTCCCACAACGTGTCGCGATGGATGACTT 477
———————————————————— GTTGACCACGGCTCCCACAACGTGTCGCGATGGATGACTT 477

EE RS LERE RS SRR RS E L AR R EEEE L EEETRY



T. congolense
bl5.1f
bl5.2f
bl7.1f
b171.2f
blB.1f
ble.2f
sam.1f
sam.2f
kai.lf
kai.2f
evansi
brucei
brucei
brucei
brucei
brucei
. brucei
brucei
brucei

NW2

TH2
Dalg72
B8/18
Kp2
STIB215
H3

AR3RRRnn

o

T. congolense
bl15.1f
b15.2f
bl7.1f
bl7.,2f
bla._1f
b18.2f
sam,1lf
sam.2f
kai.lf
kai.2f
evansi
brucei
brucei
brucei
brucei
brucei
bruceli
brucei
brucei

NW2

TH2
Dal972
B8/18
Kp2
STIB215
H3

T. congolense
bl15.1f
bl15.2f
bl7.1f
b17.2f
blg.1f
bl8.2f
sam,.1f
sam,2f
kai.lf
kai.z2f
evansi
brucei
brucei
brucei
brucei
brucei
brucei
brucei
brucei

NW2

TH2
Dal1972
B8/18
KpP2
STIB215
H3

R EEE TR

GGCTTCCTATTTCGTTGAAGAACGCAGCARAGTGCGATAAGTGGTATCAATTGCAGAATC
GGCTTCCTATTTCGTTGARGAACGCAGCAAAGTGCGATAAGTGGTATCAATTGCAGAATS
GGCTTCCTATTTCGTTGAAGARCGCAGCARAGTGCGATAAGTGGTATCARTTGCAGAATC
GGCTTCCTATTTCGTTGAAGARCGCAGCAARGTGCGATAAGTGGTATCAATTGCAGAATC
GGCTTCCTATTTCGTTGAAGAACGCAGCAAAGTGCGATAAGTGGTATCAATTGCAGAATC
GGCTTCCTATTTCGTTGARGAACGCAGCARAGTGCGATAAGTGGTAT CAATTGCAGAATC
GGCTTCCTATTTCGTTGAAGARCGCAGCARAGTGCGATAAGTGGTATCAATTGCAGAATC
GGCTTCCTATTTCGT TGARGARCGCAGCARAGTGCGATAAGTGGTATCAATTGCAGRATC
GGCTTCCTATTTCGTTGARGARCGCAGCAAAGTGCGATAAGTGGTATCAATTGCAGAATC
GGCTTCCTATTTCGT TGAAGAACGCAGCRAAGTGCGATAAGTGGTATCAATTGCAGRATC
GGCTTCCTATTTCGT TGAAGAACGCAGCARAGTGCGATAAGTGGTATCARTTGCAGAATC
GGCTTCCTATTTCGTTGAAGAACGCAGCARRGTGCGATAAGTGGTATCAATTGCAGAATC
GGCTTCCTATTTCGTTGAAGAACGCAGCAAAGTGCGATAAGTGGTATCAATTGCAGAATC
GGCTTCCTATTTCGTTGAAGAACGCAGCARAGTGCGATAAGTGGTATCAATTGCAGAATC
GGCTTCCTATTTCGTTGAAGAACGCAGCARAGTGCGATARGTGGTATCAATTGCAGAATC
GGCTTCCTATTTCGT TGAAGAACGCAGCARAGTGCGATARGTGGTATCAATTGCAGAATC
GGCTTCCTATTTCGTTGAAGAACGCAGCARRGTGCGATARGTGGTATCAATTGCAGARTC
GGCTTCCTATTTCGTTGAAGAACGCAGCARAGTGCGATAAGTGGTATCAATTGCAGAATC
GGCTTCCTATTTCGT TGAAGARCGCAGCARAGTGCGATAAGTGGTATCAATTGCAGARTC
GGCTTCCTATTTCGTTGAAGARCGCAGCARRGTGCGATAAGTGGTATCAAT TGCAGAATC

**tt****************’r****!*‘i***********t***tt************t*

ATCACATTGCCCAATCTTTGAGCGCAAACGGCGCATGGGAGAAGCTCTTCCGAGCCATCC
ATTTCATTGCCCAATCTTTGARCGCARACGGCGCATGGGAGAAGCTCTCTCGAGCCATCT
ATTTCATTGCCCAATCTTTGRACGCARACGGCGCATGGGAGAAGC TCTCTCGAGCCATCE
ATTTCATTGCCCAATCTTTGAACGCAAACGGCGCATGGGAGAAGCTCTC TCGAGCCATCC
ATTTCATTGCCCAATCTTTGAACGCAARCGGCGCATGGGAGAAGCTCTCTCGAGCCATCC
ATTTCATTGCCCAATCTTTGAACGCAARCGGCGCATGGGAGARGCTCTCTCGAGCCATCC
ATTTCATTGCCCAATCTTTGAACGCAAACGGCGCATGGGAGAAGCTCTCTCGAGCCATCC
ATTTCATTGCCCAATCTTTGAACGCARACGGCGCATGGGAGAAGCTCTCTCGAGCCATCE
ATTTCATTGCCCARTCTTTGAACGCARRCGGCGCATGGGAGAAGCTCTCTCGAGCCATCC
ATTTCATTGCCCAATCTTTGAACGCAAACGGCGCATGGGAGRAGC TCTCTCGAGCCATCC
ATTTCATTGCCCAATCTTTGARCGCAAACGGCGCATGGGAGAAGCTCTCTCGAGCCATCC
ATTTCATTGCCCAATCTTTGAACGCARACGGCGCATGGGAGAAGCTCTCTCGAGCCATCC
ATTTCATTGCCCAATCTTTGAACGCARACGGCGCATGGGAGARGCTCTCTCGAGCCATCC
ATTTCATTGCCCAATCTTTGAACGCRAACGGCGCATGGGAGARAGCTCTCTCGAGCCATCE
ATTTCATTGCCCAATCTTTGAACGCARACGGCGCATGGGAGARGCTCTCTCGAGCCATCC
ATTTCATTGCCCAATCTTTGARCGCAARCGGCGCATGGGAGAAGCTCTCTCGAGCCATCC
ATTTCATTG----ATCTTTGAACGCARACGGCGCATGGGAGAAGC TCTCTCGAGCCATCC
ATTTCATTG----ATCTTTGAACGCAAACGGCGCATGGGAGAAGCTCTCTCGAGCCATCC
ATTTCATTG=---~ATCTTTGAACGCAAACGGCGCATGGGAGAAGCTCTCTCGAGCCATCC
ATTTCATTG----ATCTTTGAACGCAAACGGCGCATGGGAGAAGCTCTCTCGAGCCATCC

a e % J ok A AL E LA R L ELEL SR L EEEE SR FETE ST TN ek dr Aok ook ok

CCGTGCATGCCACATT-CTCAGTGTCGACCAACATAAGRACARCAACAGTGCCCTCTTCC

CCGTGCATGCCACATTTCTCAGTGTCGA- ~~ATATARARACAA-ARCA—————===— CAC
CCGTGCATGCCACATTTCTCAGTGTCGA--~ATATCARAACAR-BACG-——————== CAC
CCGTGCATGCCACATTTCTCAGTGTCGA---ATATCARAACAA-AACG- - ==~ ———— CAC
CCGTGCATGCCACATTTCTCAGTGTCGA---ATATCARAACAA-AACG--—————== CAC
CCGTGCATGCCACATTTCTCAGTGTCGA-~~ATATCAMRACAA-AACG-——~~———~ CAC
CCGTGCATGCCACATTTCTCAGTGTCGA-——ATATCARAACAA-AACG=-=——————~ CAC
CCGTGCATGCCACATTTCTCAGTGTCGA---ATATAAAAACAA-AACA-——=~———— CAC
CCGTGCATGCCACATTTCTCAGTGTCGA~—-ATATAGAAACAA-AACA-~———~=== CAC
CCGTGCATGCCACATTTCTCAGTGTCGA-—-ATATAGAAACAA-AACA-————~~~~ CAC
CCGTGCATGCCACATTTCTCAGTGTCGA~-—ATATARAAACAR-BACG----————= CAC
CCGTGCATGCCACATTTCTCAGTGTCGA-~~ATATCARAACAA-AACG-———~—~=== CAC
CCGTGCATGCCACATTTCTCAGTGTCGA---ATATARAARCAA-AACA-——~———~—— CAC
CCGTGCATGCCACATTTCTCAGTGTCGA---ATATAAAAACAA-AACA——— -~~~ ~— CAC
CCGTGCATGCCACATTTCTCAGTGTCGA~—~ATATAAAAACAA~AACG=~=-————~ CAC
CCGTGCATGCCACATTTCTCAGTGTCGA---ATATAAARACAA-ARCA ———~=wu—— CAC
CCGTGCATGCCACATTTCTCAGTGTCGA-==ATATAAARACAA-AACG————~ = —— CAC
CCGTGCATGCCACATTTCTCAGTGTCGA---ATATAAARACAA~AACG—————==—— CAC
CCGTGCATGCCACATTTCTCAGTGTCGA-~-~ATATAAARACAR-ARCA~=—m=———— CAC
CCGTGCATGCCACATTTCTCAGTGTCGA-~-ATATARAARACAA-AACG-~—-—————- CAC

LERE S S SRS S S SRl E BEETESEEREREEEE] * k& ok ok d ok ek b *

773
535
537
337
537
538
537
534
535
535
535
537
528
535
535
533
535
535
537
537

833
595
597
597
597
598
597
594
595
595
595
597
588
595
595
595
591
591
593
593

892
642
644
644
644
645
644
641
642
642
642
644
635
642
642
642
638
638
640
640
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T. congolense
blh.1f
b15.2fF
b17.1L
bl7.2f
blg8.1f
blg.2f
sam.lf
sam.2f
kai.lf
kai.z2f
evansi
brucei
brucei
brucei
brucei
brucei
brucei KP2
brucei STIB215
brucei H3

NWZ
THZ
Da1972
B8/18

T. congolense
bl5.1f
bl5.2f
b17.1f
pl7.2f
blB8.1f
bl8.2f
sam.1lf
sam.2f
kai.lf
kai.2f
evansi
brucei
brucei
brucei
bruocei
brucei
brucei Kp2
brucei STIB215
brucei H3

NW2
THZ
Dal872
BB/18

T. congolense
bl5.1f
bl5.2f
bl7.1f
bl7.2f
blB.1lf
blg.2f
sam.1lf
sam.2f
kai.1lf
kai.z2f
evansi
bruceli
brucei
brucei
brucei
brucei
brucei K2
brucei STIBZ15
brucei H3

NW2
THZ
Dal1372
B8/18

CTCTGTTTCTCTCTCTGGTGATGGGCAGGGTGTGGGGTGTGTGCTGTGTATATGTTGTTG
ACCTATTTTG----- TGTTGTTCAACGCACGCAARARATCCCGCCACCTCTT~CTCCTC-
ATCTATTTEG-—--—~ TGTTGTTCAACGCACGCAARAAATCCCGCCACCTCCTTCTCCTC -
ATCTATTTTG---~-- TGTTGTTCAACGCACGCAARAARTCCCGCCACCTC-TTCTCCTC -
ATCTATTTTG~—--—- TGTTGTTCAACGCACGCAARARRTCCCGCCACCTC-TTCTCCTC-
ATCTATTTTG---~-- TGTTGTTCAACGCACGCAAAAAATCCCGCCACCTC-TTCTCCTE -
ATCTATTTTG--~-~~ TGTTGTTCAACGCACGCAARARATCCCGCCACCTC-TTCTCCTC-
ACCTATTTTT-———- TGTCGTTCAACGCACGCARAARATCCCGCCACCTC-TTCTCCCC-
ACCTATTTTTGGTGTTGTTGTTCAACGCACGCAAAAAATCCCGCCACCTCTTTCTCCTCC
ACCTATTTTG-~~~-~ TGTTGTTCAACGCACGCARARRATCCCGCCACCTCTT-CTCCTC -
ACCTATTTTG-~-~-— TGTTGTTCAACGCACGCAAARAATCCCGCCACCTCTTTCTCCCCC
ATCTATTTTG-—-—— TGTTGTTCAACGCACGCAAAMAATCCCGCCACCTC~TTCTCCTC -
ACCTATTTTTTG---TGFTGTTCARCGCACGCACAARATTCCGCCACCTC~TTCTCCTC -
ACCTATTTTG---~-— TGTTGTTCAACGCACGCAARARATCCCGCCACCTC-TTCTTCTC-
ACCTATTTTG--—-- TGTTGTTCARCGCACGCAARARATCCCGCCACCTC-TTCTCCTC
ACCTATTTTG~==~~ TGTTGTTCAACGCACGCAAAARATCCCGCCACCTC-TTTTCCTT-
ACCTATTTTG---—— TGTTGTTCAACGCACGCAARAAATCCCGCCACCTC-TTCTCCTC -
ATCTATTTTG----- TGTTGTTCAACGCACGCACAAAATCCCGCCACCTC-TTCTCCTC~

ACCTATTTTTTG--—-TGTTGTTCAACGCACGCACAARATCCCGCCACCTC-TTCTCCTC -
ACCTATTTTTTG-~~TGTTGTARAACGCACGCACARAATCCCGCCCTCTC-TTCTTCTC-
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PCGTGGCGTGTGTGAAAGTGGTGTGGTGGGGCGACGCGCATGTGCGCATCGTTGTTACGT
GTGTGG--TGCATATTCATGGTTTGTGAGTGTG---CACATATACG~ATATCTTTCAACT
GTGTGG--TGCATATTCATGGTTTGTGAGTGTG---CACATATACG-ATATCTTTCAACT
GTGTGG--TGCATATTCATG-TTTGTGAGTGTG~-—CACATATACG-ATACCTTTCAACT
GTGTGG=-~TGCATATTCATG~-TTTGTGAGTGTG~=~CACATATACG-ATATCTTTCAACT
GTGTGG--TGCATATTCATGGTTTGTGAGTGTG— - ~CACATATACG-ATATCTTTCARCT
GTGTGG--TGCATATTCATGGTTTGTGAGTGTG---CACATATACG~ATATCTTTCARCT
GIGTGG~~TGCATATTCATGGTTTGTGAGTGT G-~ ~CACATATACG-ATATCTTTCAACT
GTGTGG--TGCATATTCATGGTTTGTGAGTGTG~==CACATATACG-ATATCTTTCAACT
GTGTGG-~TGCATATTCATGGTT TGTGAGTGTG--~CACATATACG~ATATCTTTCAACT
GTGTGGGGTGCATATTCATGGTTTGTGAGTGTG~--CACATATACG-ATATCTTTCAACT
GTGTGG--TGCATATTCATG-TTTGTGAGTGTG~==CACATATACG-ATATCTTTCAACT
GTGTGG~~TGCATATTCATG-TTTGTGAGTGTG-——CACATATACG-ATATCTTTCARCT
GTGTGG--GGCATATTCATG-TTTGTGAGTGTG-—-CACATATACG-ATATCTTTCAGCT
GTGTGG--GGCATATTCATG-TTTGTGAGTGTG-—--CACATATACG-ATATCTTTCATCT
GGGGGGE--GGCATATTCATG-TTTG-~AGTGTG-—-CACAARACACG~ATATCTTTCAACT
GTGTGG--TGCATATTCATG-TTTGTGAGTGTG——-CACATATACG-ATATCTTTCAACT
GTGTGG-=TGCATATTCATG-TTTGTGAGTGTG-~~CACATATACG-ATATCTTTCAACT
GTGTGG--TGCATATTCATG-TTTGTGAGTGTG-~-=CACATATACG-ATATCATTCAACT
GTGTGG--TGCATATATGTG-TGTGAGAGTGCA~~=CACATATACG-ATAT-TTTCAACT
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ACGTACATTTACGCACACACACGTGTGCTGCGTGTGTATGTGTTTGTTGTCCCCATTATT
CTTTCTACTCGCACA-ATG-GTGTATGTCACGCATATACGTGTGTGTAGTG~- -~ AGTG
CTTTCTACTCGCACA-ATG-GTGTATGTCACGCATATACGTGTGTGTAGTG-——-~ AGTG
CTTTCTACTCGCACA~ATG-GTGTATGTCACGCATATACGTGTGTGTAGTG-—~——— AGTG
CTTTCTACTCGCACA-ATG~GTGTATGTCACGCATATACGTGTGTGTAGTG-———- AGTG
CTTTCTACTCGCACA-ATG-GTGTATGTCACGCATATACGTGTGTGTAGTG-~~~— AGTG
CTTTCTACTCGCACA~ATG-GTGTATGTCACGCATATACGTGTGTGTAGTG-~~~— AGTG
CTTTCTACTCGCACA~-ATG-GTGTATGTCACGCATATACGTGTGTGTAGTG--——- AGTG
CTTTCTACTCGCACA-ATG-GTGTATGTCACGCATATACGTGTGTGTAGTG-~——— AGTG
CTTTCTACTCCCACA-ATG-GTGTATGTCACGCATATACGTGTGTGTAGTG=-—~~ AGTG
CTTTCTACTCGCACA-ATG-GTGTATGTCACGCATATACGTGTGTGTAGTG-——~= AGTG
CTTTCTACTCGCACA-ATG-GTGTATGTCACGCATATACGTGTGTGTAGTG---~— AGTG
CTTTCTACTCGCACG-ATT-GTATATGTCACGCATATACGTGTGTGTAGTG————— AGTG
CTTTCTACTCGCACA-ATG-GTIGTATGTCACGCATATACGTGTGTGTAGT G~ ———— AGTG
CTTTCTTCTCGCACATATT-GIGTATGTCACGCATATACGTGTGTGTAGTG -~~~ AGTG
CTTTATACTCGCACA-ATG-GTGTATGTCACGCATATACGTGTCTGTAGTG~———— AGTG
GEFTTCTACTCGCACA-ATG-GTGTATGTCACGCATATACGTGTGTGTAGTG-—~—— AGTG
CTTTCTCCTCGCACA-ATT-GTGTATGTCACGCATATACGTGTGTGTAGTG--~—— AGTG
GTTTCTACTCGCACA-ATG-GTGTATGTCACGCATATACGTGTGTGTAGTG-——-— AGTG
GTTTCTACTCACACA-ATG-GTGTGTGACACGCATATACGTGTGTGTAG- ~————— AGAG
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T. congolense
bl5.1f
bl5.2f
bl17.1f
bl7.2f
b18.1f
blg8.2f
sam.lf
sam.2f
kai.lf
i.2f
evansi
brucei
brucei
brucei THZ
brucei Dal972
brucei B8/18
brucei kpZ2
brucei STIB215
brucei H3

=
1)
=

NW2

T. congolense
bl5.1f
015.2f
bl7.1f
b17.2f
bl8.1f
bhlg.2f
sam.1f
sam.2f
kai.lf
kai.2f
evansi
brucei
brucei
brucei
brucei
brucei
brucei Kpr2
brucei STIB215
brucei H3

NWZ2
TH2
Dal972
B8/18
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T. congolense
bl5.1f
b15.2f
pl17.1f
bl17.2f
bl8.1f
blg8.2f
sam.1lf
sam.2f
kai.lf
i.2f
evansi
brucei
brucei
brucei
brucei
brucei
brucei KP2Z
brucei STIB215
brucei H3
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ATTTTTCATGCCGTCAGGARGGAGAGAGTCCGGTGTGTGCATAGTGGTGTTGTTGCGTGE
ATATGGAAGAGARATGGGARAGGCATATGTATATATGTATATACC--—ATAAATATATAT
ATATGGARGAGAAATGGGAAAGGCATATATATATATGTATATAC - ---ATAA-TATATAT
ATATGGAAGAGAAATGGGAAAGGCATATATATATATGTATATAC----ATAA-TATATAT
ATATGGAAGAGAAATGGGAAAGGCATATATATATATGTATATAC~——-ATAA-TATATAT
ATATGGAAGAGAAATGGGAARGGCATATATATATATGTATATAC -~--ATAA-TATATAT
ATATGGAAGAGAAATGGGAARGGCATATATATATATGTATATAC ~~——ATAR-TATATAT
ATATGGAAGAGAARTGGGAAAGGCATATGTATATATGTATATAC——-~ATAA-TATATAT
ATATGGAAGAGARAATGGGARRGGCATATGTATATATGTATATAC——--ATAA-TATATAT
ATATGGAAGAGARATGGGARAGGCATATGTATATATGTATATAC-~--ATAA-TATATAT
ATATGGAAGAGAAATGGGARAGGCATATATATATATGTATATAC~——-ATAA-TATATAT
ATATGGAAGAGARATGGGARAGGCATATATATATATGTATATAC-—-~ATAA-TATATAT
ATATGGAAGAGAAATGGGARAGGCGTAT-~ATATATGTATATAC-~~~ATAA-TATATAT
ATATGCAACAGAAATGGGAARGGCATATGTATATATGTATATAC-~—-ATAA~TATATAT
ATATGAARGAGAAATGGGARAGGCATATGTATATATGTATACAC —~--ATAA—TATATAT
ATATGGAAGAGAAATGGGAGAGGCATATGTATATATGTATATAC-~~—ATAR-TATATAT

ATATGGAAGAGARATGGGAAAGGCATATGTATATATGTATATAC---ATAR-TATATAT
ATATGGAAGAGAARTGGGAARGGCATATATATATATGTATATAC——~-ATAA-TATATAT
ATATGGAAGAGAAATGGGAAAGGCATAT--ATATATGTATATAC-~~--ATAA-TATATAT
ATATGGAAGAGAGA-GGAAGGGGCATATATATATATACACACA-—-———— Af-—-=~RATAT
kA * * * 0¥ o * ok * & ¥

GIGTGAAGGGTT-GTGT~-TTGTGTTCTATATGAGTGTGTGGCATGTGTGAGTGGTGTCT
GTGTGTGGATTT-GTGT-GTTGAGCAC-ATATAAGGAARNGGGTTGCGTG—— =~ ——— CAT
GTGTGTGGATTT-GTGT-GTTGAGCAC-ATATAAGGAAAAAGGTTGCGTG-~————= TAT
GIGTGTGGATTT-GTGT-GTTGAGCAC-ATATAAGGAARAAGGTTGCGTG-———~—— TAT
GTGTGTGGATTT~GTGT-GETGAGCAC-ATATAAGGARAAAGGTTGCGTG===——~— TAT
GTGTGTGGATTT-GTGT -GTTGAGCAC-ATATAAGGAAAAAGGTTGCGTE————~~= TAT
GTGTGTGGATTT-GTGT-GTTGAGCAC-ATATAAGGARAARGGTTGCGTG--~———— CAT
GEGTGTGGATTT-GTGT-GTTGAGCAC-ATATAAGGAAAAAGGTTGTGTG-———-—— TAT
GTGTGTGGATTT-GTGT-GTTGAGCAC-ATATAAGGAAAAAGGTTGCGTG——~~——~ CAT
GTGTGTGGATTT-GTGT-GTTGAGCAC-ATATAAGGAAARAGGTTGCGTG==-————— CAT
GTGTGTGGATTT-GTGT~GTTGAGCAC-ATATAAGGAAAAAGGTTGCGTG=~————— TAT
GTGTGTGGATTT-GTGT-GTTGAGCAC-ATATAAGGARARAGGTTGCGTG~———— =~ TAT
GTGTGTGGATTT-GTGT-GTTGAGCAC-ATATANGGARAMAGGT -GTGTG-~~———— TAT
GTGTGTGGATTT-GTGT -GTTGAGCAC-ATATAAGGAAARAGGTTGTGTG —— ==~ TAT
GTGTGTGGATTT-GTGT -GTTGAGCAC-ATATAAGGAARAAGGTTGTGTG==~———— TAT
GTGTGTGGATTT-GTGT-GTTGAGCAC-ATATAAGGAAAAAGGTTGTGTG~~——~== TAT
GTGTGTGGATTT-GTGT-GTTGAGCAC-ATATAAGGARAAAGGTTGTGTG-~~———~ TAT
GIGTGTGGATTTIGTGTTGTTGAGCAC-ATATAAG-ARAAAGGTTGTGTG—————~— TAT
GTGTGTGGATTT-GTGT -GTTGAGCAC-ATA- - -GGARAAAGGT-GTGTG==~———~ TAT
ATGTGTGGATTT-GTGT-GTTGAGCAC-ATATAAGGARAAAGGTTGTGTG === —— TAT
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GTGCAAGAAGGTGTGGTGTCCTTGTGGGCGTGCTTTTGCATGTTGTTTGTTCCCGCTTGA
ATACA-GAGAGTCIGTGGCGGTTG-GGACATGTGTATAAATAT-AT—-———-~ ATATGTA
ATACA-GAGAGTCTGTGGCGGTTG-GGACATGTGTATARATAT -AT ~————~=—= ATGTA
ATACA-GAGAGICTGTGGCGGTTG-GGACATGTGTATARATAT ~AT == v ————= ATGTA
ATACA-GAGAGTCTGTGGCGGTTG~AGACGTGTATGTATATAT-ATCTATAATATATGTA
ATACA-GAGAGTCTGTGGCGGTTG-AGACGTGTATGTATATAT-ATCTATAATATATGTA
ATACA-GAGAGTCTGTGGCGGTTG-GGACATGTGTATARATAT-AT-—— - -~ ATATGTA
ATACA-GAGAGTCTGTGGCGGTTG-AGACGTGTATGTATATAT-ATCTATAATATATGTA
ATACA-GAGAGTCTGTGGCGGTTG-GGACATGTGTATAARTAT-AT—~—==== ATATGTA
ATACA-GAGAGTCTGTGGCGGTTG-GGACATGTGTATAAARTAT AT ——~———= ATATGTA
ATACA-GAGAGTCTGTGGCGGTTG~-GGACATGTGTATAAATAT=AT———————~— ATGTA
ATACA-GAGAGTCTGTGGCGGTTG-GGACATGTGTATAAATAT AT ~= === —— ATGTA
ATACA-GAGAGTCTGTGGCGGTTG-GGACATGTGTATAAATAT-AT-~——————= ATGTA
ATACA-GAGAGTCTGTGGCGGTTG-GGACATGTGTATAAATAT~AT-———~———— ATGTA
ACACA-GAGAGTCTGTGGCGGTTG-GGACATGTGTATAAATAT -AT -~ ————~= ATGTA
ATACA-GAGAGTCTGTGGCGGTTG-GGACATGTGTATARATAT -AT-————=w—— ATGTA
ACACA-GAGAGTCTGTGGCGGTTG-GCACATGTGTATARATAT-AT -~ ————— == ATGTA
ATACA-GAGAGTCTGTAGCGGTTG~GGACATGTGTATARATAT ~AT———-——~-~ ATGTA
ATACA~GAGAGTCTGTGGCGGTTG-GGACATGTGTATARATAT -AT - ——~~==u— ATGTA
ATACA-GAGAGTCTGTGGCGGTTG-GGACATGTGTATARATAT-AT -~ ~—————~ ATGTA
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T. congclense

bls,
bl5.
bl7.
.2f
bl8.
.2f

bl7

b18
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.2f
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evansi
brucei
bruceil
brucei
brucei
brucei
brucei
brucei
brucei
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T. congolense

bls.
p1s.
bl7.
bl7.
blg.
bisg.
sam.
Sam.
kai.
kat.

1f
2f
1f

2f

AR

evansi
brucei
brucei
brucei
brucei
brucei
brucei
brucei
brucei

Nw2

THZ
Dal972
B8/18
KpP2
STIB215
H3

T. congolense

b15.
bls.
bl7.
.2f
bl8.
.2f

bl7

blg

Sam.
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kai.
L2f

kai
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2f
1f

1f
1f

2f
1£

R EEEEEEE

evansi
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TH2
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B8/18
Kp2
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GACGGCCCCGCTTTTCTCCCCTCACTTTCTCTCCCCGTGCTGCCATCACTACACTTCCTT
TATGTGTGTGTTCCGCTGTGGAGATTTTATATCT- - - TACGGAGA-GTGTTCATATATAT
TATGTGTGTGTTCCGCTGTGGAGATTTTATATC T~ -~ TACGGAGA-GTGTTCATATATAT
TATGTGTGTGTTCCGCTGTGGAGATTTTATATCT— - - TACGGAGA-GTGTTCATATATAT
TATGTGTGTGTTCCGCTGTGGAGATTTTATATC T~~~ TACGGAGA-GTGTTCATATATAT
TATGTGTGTGTTCCGCTGTGGAGATTTTATATCT---TACGGAGA-GTGTTCATATATAT
TATGTGTGTGTTCCGCTGTGGAGATTTTATATCT-—-TACGGAGA-GTGTTCATATATAT
TATGTGTGTGTTCCGCTGTGGAGATTTTATATCT-~~TACGGAGA-GTGTTCATATATAT
TATGTGTGTGTTCCGCTGTGGAGATTTTATATCT- - -TACGGAGA~GTGTTCATATATAT
TATGTGTGTGTTCCGCTGTGGAGATTTTATATCT- -~ TACGGAGA-GTGTTCATATATAT
TATGTGTGTGTTCCGCTGTGGAGATTTTATATCT---TACGGAGA~GTGTTCATATATAT
TATGTGTGTGTTCCGCTGTGGAGATTTTATATCT - -~ TACGGAGA-GTGTTCATATATAT
TATGTGTGTGTTCCGCTGTGGAGATTTTATATCT ~——TACGGAGA-GTGTTCATATATAT
TATGTGTGTGTTCCGCTGTGGAGATTTTATATCT-~~TACGGAGA-GTGTTCATATATAT
TATGTGTGTGTTCCGCTGTGGAGATTTATATTCT -~ -~TACGGAGA-GTGTTCATATATAT
TATGTGTGTGTTCCGCTGTGGAGATTTTATATCT —---TACGGAGA~GTGTTCATAGATAT
TATGTGTGTGTTCCGCTGTGGAGATTTITATATCT - --TACGGAGACGTGTTCATATATAT
TATGTGTGTGTTCCGCTGTGGAGATTTTATATCT- - —TACGGAGA-GTGTTCATATATAT
TATGTGTGTGTTCCCCTGTGGAGATTTTATATCT - - - TACGGAGA-GTGTTCATATATAT
TATGTGTGTGTTCCGCTGTGGAGATTTTATATCT---TACGGAGA~GTGTTCATATATAT
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TCGGCCATAGCAGTAGAACACCCTTGCCTCCCCCGGTGTGTTTACCTCGARGCCATTTGR
ATGTTTGTACGCATG---TATTTTGGCGCCCCGTATAGAGAT TARARRAGAAGAGARAAR
ATGTTTGTACGCATG---TATTTTGGCGCCCCGTATAGAGATTARARAGGAAGAGARRAA
ATGTTTGTACGCATG---TATTTTGGCGCCCCGTATAGAGATTAARAAGGAAGAGARARA
ATGTTTGTACGCATG--—-TATTTTGGCGCCCCGTATAGAGATTARAAAGGANGAGARAAR
ATGTTTGTACGCATG~~~TATTTTGGCGCCCCGTATAGAGATTARRAAGGAAGAGAAAAR
ATGTTTGTACGCATG---TATTTTGGCGCCCCGTATAGAGATTARAARAGAAGAGARAAR
—-—GTTTGTACGCATG---TATTTTGGCGCCCCGTATAGAGATTAAARAGGAGGAGAAAAR
ATGTTTGTACGCATG---TATTTTGGCGCCCCGTATAGAGATTAAARAAGARAGAGAAARR
ATGTTTGTACGCATG---TATTTTGGCGCCCCGTATAGAGATTARAARAGAAGAGARAAA
ATGTTTGTACGCATG---TATTTTGGCGCCCCGTATAGAGATTAAAARAGAAGAGARAARD
ATGTTTGTACGCATG~-~TATTTTGGCGCCCCGTATAGAGATTAAAAAAGARGAGAMRAR
==GTTTGTACGCATG-—-TATTTTGGCGCCCCGTATAGAGATTAAAAAAGAAGAGARAAR
ATGTTTGTACGCATG-~~TATTTTGGCGCCCCGTATAGAGATTAAAARAGARGAGAAARA
ATGTTTGAACGCATG---TATTTTGGCGCCCCGTATAGAGATTAAARAAGAAGAGGAAAR
ATGTTTGAACGCATG---TATTTTGGCGCCCCGTATAGAGATTARAARAAGAARGAGAAARA
ATGTTTGTACGCATG~~-TATTTTGGCGCCCCGTATAGAGATTARAAAAGAAGAGAARAR
ATGTTTGTACGCATG---TATTTTGGCGCCCCGTATAGAGATTARARAAGAARAANAARA
==GTTTGTACGCATG---TATTTTGGCGCCCCGTATAGAGATTAAARAAGAAGAGARARA
==GTTEGTAGGCATG---TATTTTGGCGCCCCGTATAGAGATTARAADAAGAAGAGAAAAA
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GCTAARGAGACAAAGTGGGGAATGATCTTGGAGAGAGGCTCTTGTCTTCTCTCACCTCCA
G-TATGCARAAGAGGCGGCGGATAG-TGTGTATGTGTGTATTCA-CAGCAAGCAACTATA
G-TATGCAARAGAGGCGGCGGATAG-TGTGCATGTGTGTATTCA-CAGCAAGCARCTATA
G~TATGCARAAGAGGCGGLCGGATAG-TGTGCATGTGTGTATTCA-CGGCAAGCAACTATA
G-TATGCAAAAGAGGCGGCGGATAG-TGTGCATGTGTGTATTCA-CAGCAAGCARCTATA
G=TATGCARRAGAGGCGGCGEATAG-TGTGCATGTGTGTATTCA-CAGCAAGCARCTATA
G-TATGCARRAGAGGCGGCGGATAG-TGTGTATGTGTGTATTCA-CAGCAAGCAACTATA
G-TATGCARAAGAGGCGGCGGATAG-TGTGTATGTGTGTATTCA-CAGCAAGCAACTATA
G~TATGCAARAGAGGCGGCGGATAG-TGTGTATGTGTGTATTCA-CAGCAAGCARCTATA
G-TATGCAAAAGAGGCGGCGGATAG-TGTGTATGTGTGTATTCA-CAGCAAGCAACTATA
G-TATGCARRAGAGGCGGCGGATAG-TGTGTATGTGTGTATTCA-CAGCAAGCARCTATA
G-TATGCAARAGAGGCGGCGGATAG-TGTGTATGTGTGTATTCA-CAGCAAGCAACTATA
G-TATGCAAAAGAGGCGGUGGATAG-TGTGTATGTGTGTAT-CA-CAGGAAGCAACTATA
G-TATGCARAAGAGGCGGCGGATAG-TGTGTATGTGTGTATTCA-CAGCAAGCAACTATA
G-TATGCARARGAGGCGGCGGATAG-TGTGTATGTGTGTATTCA-CAGCAAGCARCTATA
G-TATGCAAAAGAGGCGGCGGATAG-TGTGTATGTGTGTATTCA-CAGCRAAGCAACTATA
G-TATGCARAACAGGCGGCGGATAG-TGTGTATGTGTGTATTCA-CAGCAAGCANRCTATA
G-TATGCAARAGAGGCGGCGGATAG-TGTGTATGTGTGTATTCA-CAGCAAGCAACTATA
G-TATGCAAAAGAGGCGACGGATAG-TGTGTATGTGTGTAT~CA-CAGGAARRCAACTATA
G-TATGCARARAGAGGCGGCGGATAGGTGTGTATGTGTGTAT-CA-CAGCAAGCARCTATA
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T. congolense

bl5.
bls.
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bl5.
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bl8g.
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T
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T
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NW2

THZ
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B8/18
Kp2
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2f
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brucei
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brucei
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NW2

THZ
Dal972
B8/18
Kp2
STIB21S5
H3

CATAACTG-TTGTGC-TTTG-TGCATCCCGT-CACGCGATGTACGCACGCTAACCARAGT
TTTTGCTGCTTGTGAGTATA-TGCA-TATATGTACATTATGTGCTTGTGCTTCTTTC~GT
TTTTGCTGCTTGTGAGTATA-TGCA-TATATGTACATTATGTGCTTGTGCTTCTTTC-GT
TTTTGCTGCTTGTGAGTATA-TGCA~TATATGTACATTATGTGCTTGTGCTTCTTITC-GT
TTTTGCTGCTTGTGAGTATA~TGCA-TATATGTACATTATGTGCTTGTGCTTCTTTC-GT
TTTTGCTGCTTGTGAGTATA-TGCA-TATATGTACATTATGTGCTEGTGCTTCTTTC-GT
TTTTGCTGCTTGTGAGTATA-TGCA~TATATGTACATTATGTGCTTGTGCTTCTTTC ~GT
TTTTGCTGCTTGTGAGTATA-TGCA-TATATGTACATTATGTGCTTGTGCTTCTTTC-GT
TTTTGCTGCTTGTGAGTATA- TGCA-TGTATGTACATTATGTGCTTGTGCTTCTTTC~GT
TTTTGCTGCTTGTGAGTATA-TGCA-TATATGTACATTATGTGCTTGTGCTTCTTTC-GT
TTTTGCTGCTTGTGAGTATA-TGCA-TATATATACATTATGTGCTTGTGCTTCTTTC-GT
TTTTGCTGCTTGTGAGTATA-TGCA-TATATGTACATTATGTGCTTGTGCTTCTTFC-GT
TTTTGCTGCTTGTGAGTGTA-TGCA-TATATGTACATTATGTGCTTGTGCTTCTTTC-GT
TTTTGCTGCTTGTGAGTATA-TGCA-TATATGTACATTATGYGCTTGTGCTTCTTTC-GT
TTTTGCTGCTTGTGAGTATA-TGCA~TATATGTACATTATGTGCTTGTGCTTCTTTC-GT
TTTTGCTGCTTGTGAGTATA-TGCA-TATATGTACATTATGTGCTTGTGCTTCTTTC-GT
TTTTGCTGCTTGTGAGTATA-TGCA-TATATGTACATTATGTGCTTGTGCTTCTTTC-GT
TTTTGCTGCTTGTGAGTATA-TGCA-TATATGTACATTATGTGCTTGTGCTTCTTEC-GT
TETTGCTGCTTGTGAGTATACTGCACTATATGTACATTATGTGCTTGTGCTTCTTTCAGT
TrTTGCTGCTTGTGAGTATA-TGCA-TRTATGTACATTATGTGCTTGTGCTTCTTTC-GT

* Fxk  dedkkd ok * LE A 4 a* * A ok wk  * & Ak L

TCAT-=-=---- ATGTATGTACATG~~-~-TTGACAGACCTGAGTGTGGCAGGACCACCCGLT
GTAC-GCTTCACTTTTTTATATTGTATTTT-CAGACCTGAGTGTGGCAGGACCACCCGCT
GTAC-GCTTCACTTTTTTATATTGTATTTTTCAGACCTGAGTGTGGCAGGACCACCCGCT
GTAC-GCTTCACTTTTTTATATTGTATTTTTCAGACCTGAGTGTGGCAGGACCACCCGCT
GTAC-GCTTCACTTTTTTATATTGTATTT TTCAGACCTGAGTGTGGCAGGACCACCCGLT
GTAC-GCTTCACTTTTTTATATTGTATTTTTCAGACCTGAGTGTGGCAGGACCACCCGCT
GTAC~GCTTCACTTTTTTATATTGTATTTT-CAGACCTGAGTGTGGCAGGACCACCCGCT
GTAC-GCTTCACTTTTETATATTGCATTTTTCAGACCTGAGTGTGGCAGGACCACCCGOT
GTAC-GCTTCACTTTTETATATTGTATTTTTCAGACCTGAGTGTGGCAGGACCACCCGCT
GTAC-GCTTCACTTTTTTATATTGTATTTT-CAGACCTGAGTGTGGCAGGACCACCCGCT
GTAC-GCTTCACTTTTTTATATTGTATTTTTCAGACCTGAGTGTGGCAGGACCACCCGCT
GTAC-GCTTCACTTTTTTATATTGTATTT T-CAGACCTGAGTGTGECAGGACCACCCGET
GTAC-GCTTCACTTTTTTATATTGCATTTTTCAGACCTGAGTGTGGCAGGACCACCCGCT
GTAC-GCTTCACTTTTTTATATTGTAT TTTTCAGACCTGAGTGTGGCAGGACCACCCGLT
GTAC-GCTTCACTTTTTTATATTGTATT T T TCAGACCTGAGTGTGGCAGGACCACCCGET
GTAC-GCTTCACTTTTTTATATTGTATTTTTCAGACCTGAGTGTGGCAGGACCACCCGCT
GTACTGCTTCACTTTTTTATATTGTATTTTTCAGACCTGAGTGT GGCAGGACCACCCGCT
GTAC-GCTTCACTTTTTTATATTGTATTTTTCAGACCTGAGTGTGGCAGGACCACCCGLT
GTACGGCTTCACTTETYTTATATTGCATTTTTCAGACCTGAGTGTGGCAGGACCACCCGLT
GTAC~-GCTTCACTTTTTTATATTGCATTTTTCAGACCTGAGTGTGGCAGGACCACCCGET

* * * * hk xh * X LR A RS RS E S AR RS RS RSREREERESER XY

AAACTTAAGCATATTACTCAGCGGAGGAARAGAARACAACCG 1577
AARCTTADRGCATATTACTCAGCGGAGGRAARGAAAACAACCG 1286
AARCTTAAGCATATTACTCAGCGGAGGARARGAARAACAACCG 1286
ARACTTARAGCATATTACTCAGCGGAGGARARGAARACAACCG 1284
AAACTTAAGCATATTACTCAGCGGAGGAAARGARAACAACCG 1293
AAMCTTAAGCATATTACTCAGCGGAGGARARGARAACAACCG 1295
ARACTTAAGCATATTACTCAGCGGAGGAAARGARAACAACCG 1286
ABACTTAAGCATATTACTCAGCGGAGGARAAGARRACAACCG 1289
AARCTTAAGCATATTACTCAGCGGAGGARAAGAARACAACCG 1292
AARRCTTRAGCATATTACTCAGCGGAGGARAAGAMAAACAACCG 1284
AAACTTARGCATGTTACTCAGCGGAGGAAAAGAAAACAACCG 1287
ARACTTARGCATATTACTCAGCGGAGGARARGAARACAACCG 1283
ARRCTTAAGCATATTACTCAGCGGAGGAAARGARAACRACCG 1271
AAACTTAAGCATATTACTCAGCGGAGGAAARGAMAACAACCG 1282
ARACTTAAGCATATTACTCAGCGGAGGAAARAGARAACAACCT 1283
AAACTTAAGCATATTACTCAGCGGAGGAARAGRAAAACARACCG 1280
AARACTTAAGCATATTACTCAGCGGAGGAAAAGARMACAACCG 1280
ABACTTARGCATATTACTCAGCGAAGGAARAGARAAGTTCCG 1279
AMRACTTARGCATATTACTCAGCGGAGGAARAGARAACARCCG 1277
ABACTTARGCATATTACTCAGCGGAGGAAARGARAACAACCG 1270

AR R R R R R ELEE LT EEEEEE NN EEEREEEREESSE] >

1485
1186
1185
1183
1192
1194
1186
1188
1191
1184
1186
1183
1170
i181
1182
1179
1178
1178
1175
1169

1535
1244
1244
1242
1251
1253
1244
1247
1250
1242
1245
1241
1229
1240
1241
1238
1238
1237
1235
1228
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Phylogenetic analysis of T. evansi

The phylogenetic relationship of T evansi based on 185 IDNA and ITS
nucleotide sequences was achieved by PAUP program version 4.0. The cladograms were
created by using likelihood method and bootstrap 50% majority rule consensus tree to show
stability for the trees. The likelihood parameters were set as followed: the number of
substitution types = 2 (HKY85 variant), transition/transversion ratio = estimate, distribution
of rates at variable sites = gamma (discrete approximation) and shape parameter {alpha)
= estimate. The bootstrap was performed by heuristic search with the number of bootstrap
= 100 replicates, number of trees held at each step during stepwise addition = 1, initial
'"MaxTrees' setting = 100, addition sequence = as-is and Branch-swapping algorithm = tree-
bisection-reconnection (TBR). The percentage of nucleotide homologous when compared to
the outgroup was shown in Table 10-13. The phylogenetic trees of 18S rDNA and ITS

region were shown in Figure 11-14, respectively.

Table 10 The percentage of nucleotide homologous of 185 IDNA among Trypanosoma spp.

when compared to L. major. {outgroup).

Trypanosoma spp. The percentage of nucleotide homologous (%)
B18 86.127
SAM 85.218
KAl 85.002
T. brucei 85.405
T. congolense 84.640
T. cruzi 89.755
T. evansi 85.453
T. rangeli 89.655
T. simiae 86.349
T. vivax 83.582
T theileri 90.247
T. lewisi 90.168
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L. major
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= 100 T. brucei

T. evansi
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d 100 P— 67 ——

T. simiae

77#

T. congolense

T. cruzi

T. rangeli

73 T. theileri

T. lewisi

Figure 11 Phylogenetic relationship of 18S IDNA obtained from the likelihood methods
between Trypanosoma spp. and L. major (outgroup). The tree was constructed based
on the heuristic search using PAUP version 4.0 and inferred from complete 185 rDNA
gene sequences using a bootstrap resampling of the data set. The number at the
nodes represent the percentage of times the group occurred out of 100 trees. Branches
with less than 50% bootstrap support were collapsed. No significance is placed on the

lengths of the branches connecting the species.
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Table 11 The percentage of nucleotide homologous of ITS region among different stocks of

T. evansi and T. brucei when compared to T. congolense {outgroup).

Trypanosoma spp.

The percentage of nucleotide homologous (%)

B15.1

B152

B17.1

B17.2

B18.1

B18.2

SAM.1

SAM.2

KAIL1

KAI2

T. evansi

T. brucei

T. brucei NW2
T. brucei TH2

T. brucei Da1972
T. brucei B8/18
T. brucei KP2

T. brucei STIB215
T. brucer H3

62.230
62.217
62.167
61.959
61.882
62.085
62.544
62.019
62.335
62.087
62.290
62.398
62.397
61.738
62.194
61.890
61.917
61.962
62.389
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T. congolense

T. brucei NW2

T. brucei TH2

T. brucei Da197
KAlL1

52

SAM.2

60

Bi15.1

B15.2

B17.1

B17.2

B18.2

T. evansi

T. brucei B8/18

T. brucei KP2

KAIL2
B18.1

SAM.1

T. brucei

52

T. brucei STIB215

T. brucei H3

Figure 12 A likelihood cladogram (phylogram usually shows branchlengths) of ITS region
among T. evansi, T. brucei and T. congelense {outgroup) produced by the heuristic
search of PAUP version 40 and inferred from complete ITS region using a bootstzap
resampling of the data set. The number at the nodes represent the percentage of times
the group occurred out of 100 trees. Branches with less than 50% bootstrap support
were collapsed. No significance is placed con the lengths of the branches connecting the

Species.
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Table 12 The percentage of nucleotide homologous of ITS1 from different stocks of

T evansi in Thailand when compared to T. brucei {outgroup).

Trypanosoma spp. The percentage of nucleotide homologous (%}
B15.1 97.560
B152 97.777
B17.1 97.557
B17.2 97.777
B181 98.427
B18.2 97.777
SAM.1 98.217
SAM.2 97.996
Kali 97.771
KAIL2 98.217
T. evansi 98.000
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T. brucei

B17.1

B18.2

B17.2

B15.2

KAIL1

T. evansi

B15.1

SAM.2

76

KAIL2

SAM.1

B18.1

Figure 13 A likelihood methods of ITS1 among T evansi (Thai stocks) and T. brucei
(outgroup) produced by the heuristic search of PAUP version 4.0 and inferred from
complete ITS region using a bootstrap resampling of the data set. The number at the
nodes represent the percentage of times the group occurred out of 100 trees. Branches
with less than 50% bootstrap support were collapsed. No significance is placed on the

lengths of the branches connecting the species.
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Table 13 The percentage of nucleotide homologous of ITS2 from different stocks of

T. evansi in Thailand when compared to T brucei {outgroup).

Trypanoscma spp. The percentage of nucleotide homologous (%)
Bi15.1 98.009
B15.2 97655
B17.1 97.256
B17.2 96.803
Bi81 96.801
B18.2 97.709
SAM.1 97.408
SAM.2 97.875
KAlL1 98.012
KAIL2 97.558
T. evansi 87.860
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T. brucej

KAlL1

SAM.2
Bi15.1

B15.2

B17.1

B17.2

52

B18.1

T. evansi

B18.2

KAL2

SAM.1

Figure 14 A likelihood methods of ITS2 among T. evansi (Thai stocks} and T brucei
{outgroup} produced by the heuristic search of PAUP version 4.0 and inferred from
complete ITS region using a bootstrap resampling of the data set. The number at the
nodes represent the percentage of times the group occurred out of 100 trees. Branches
with less than 50% bootstrap support were collapsed. No significance is placed on the

lengths of the branches connecting the species.



CHAPTER 5
DISCUSSION

T. evansi is one of the most common haemoflagellate blood parasite found in
larger mammals, which is of great economic importance in Africa, Asia and South America
(193). Although several reports have suggested that T. evansi could cause epidemics of
disease called ‘Surra’, the certain pathogenicity of this organism need to be defined. The
life cycle of T. evansi has been proposed (5), however, its validation has to be confirmed
experimentally. It is assumed that T evansi is transmitted by the blood sucking insects
but the transmission route was not exclusively identified yet. This study has used
molecular phylogenetic as a tool to explore these T. evansi from different local and
perceived the gene varation of T. evansi in different hosts in Thailand. Molecular
phylogenetic provides the tools that have predictive significance and that developed the
methods to the epidemiologists can use to better define the epidemiology of T. evansi, and
to towards their control. The comparison of T. evansi Thai stocks to T evansi and other
Trypanosoma spp. in GenBank database was achieved. The data perceived the molecular

genetic differences of T. evansi.

Phylogenetic relationship of 18S rDNA among Trypanosoma spp. and L. major.
The major problem for classification and identification of the trypanosomes, in
particular within the Trypanozoon subgenus (T. brucei brucei, T. b. rhodesiense, T. b.
gambiense, T. evansi and T. equipedium) are morphologically identical and are classified
according to host type of disease and geographical distribution {192). In many cases,
exceptions to these criteria were observed (194), necessitating the development of
biochemical and genotype criteria such as isoenzyme patterns (74, 77, 195-199), restriction
fragment length polymorphisms (RFLP) (86) in variant surface glycoproteins (VSGs) (200,
201} or ribosomal RNA genes (194), conserved antigenic repertoires (202) and specific
kinetoplast DNA probes (203) have been used to determine genetic heterogeneity among
Trypanozoon. The results suggest that several strains of this parasite are existing.
Although, more experiments reported the strain variation of T brucei and other

trypanosomes but it is unknown whether T. evansi have a strain variation of nuclectide
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sequences from different host and different locals. This paradoxical observation is
explainad by the hypothesis that strain variation of T evansi, exhibiting similar
morphological features but with a different nucleotide sequences, may exist. If this present
really, it could be link to the uncertainty over the role of this organism regarding to the
disease and host specifics.

The experiment of 185 DNA analysis nucleotide sequencing of 3 stocks of
T evansi in Thailand compared to 7 stocks of Trypanosoma spp. and one stock of L. major
in GenBank, The result showed percentage homologous nuclectide sequencing (shown in
Table 11) and cladogram (shown in Figure 11} when analyzed by using PAUP program
version 40. The comparison of 188 DNA sequences from different Trypanosoma spp.
stocks had enabled to confirm phylogenetic position of T. evansi in the Trypanosomatids
family and showed that T evansi stocks from different hosts in different areas in Thailand
belong to a single genus based on the molecular phylogenetic analysis. Within the
Trypanosomatids when rooted cladogram ({phylogram usually shows branchlengths.} with
I. maior, T. evansi seems closely related T. brucei. To confirmed this relationship (high
hootstrap value (100%)), more sequence data of other significant gene are required.
However, the cladogram showed that the clade of T. evansi in Thailand were separated
from the T. evansi and T. brucei clade relationship (high bootstrap value (91%})) of which
the nucieotide sequences were previously reported in GenBank. This indicated the
variation of 18S rDNA nuclectide sequences among T. evansi stocks.

Although, morphologicat studies proposed that the Trypanosoma sp. in Thailand is
T evansi but the results of phylogenetic analysis showed that it was closely related to both
T evansi and T. brucei {high bootstrap value (100%)). This cladogram may be proposed a
new hypothesis to reclassify T. evansi and T. brucei and it is possible to incorporate twice

species to generate a new species to replace as former ones.

Phylogenetic relationship of ITS region among T. evansi and T. brucei.

The phyogenetic relationship of ITS tegion of 5 stocks of T. evansi from different
areas in Thailand were compared to 8 stocks of T. brucei, one stock of T. evansi and T
congolense from Genbank using phylogenetic analysis with PAUP program version 4.0. The
result showed percentage homologus nucleatide sequencing (shown in Table 12) and

cladogram (shown in Figure 12).
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The comparison of ITS region from different hosts of T evansi and T brucei when
rooted cladogram with T. congolense indicated that the relationship of T evansi are very
closely related to T. brucei relationship ({low bootstrap value (54%)). The deep relationships
within the clades of T. evansi and T. brucei were classified within the same clade excepted
that some clades were separated. Both of species from monophyletic groups that are lower
supported by bootstrap. However, some stocks of T evansi are separated from groups of
branches, indicating groups of T. evansi stocks (KAI1, SAM2 and B151) (moderate
bootstrap value {60%)) and T. brucei stocks (T. brucei and T. brucei STIB215) (fow bootstrap
value (52%)). This data was corresponded to the previously reports that these parasites are
closely related and they have a few variation of nucleotide sequences (193). In addition, the
ITS cladogram supported the 18S 1DNA cladogram to confim the hypothesis of

classification of the T. evansi and T. brucei species.

Phylogenetic relationship of ITS region among T. evansi form different host.

The phylogenetic relationship of ITS region of 5 stocks of T. evansi from different
hosts and different areas in Thailand were compared to T brucei from Genbank and the
trees were determined using phylogenetic analysis with PAUP program version 4.0. The
ITS divided into 3 regions, ITS1, 5.85 IDNA and ITS2, and were separately analyzed using
PAUP program.

The cladogram of ITS region indicated the variation of nuclectide seguences
especially the ITS1 and ITS2 regions bui the 58 IDNA sequences are homologous the
sequences for all strains of T, evansi in Thailand (Figure 13 and 14). The cladogram of ITS1
region was enable to show the relationship of T. evansi from different hosts in Thailand.
According to the ITS1 trees, 5 groups of the parasites were obtained when rooted with T,
brucel. Group 1 belonged to T. evansi stocks from buffalo B15.2, B17.1, B17.2 and B182
(moderate bootstrap value (62%)). Group 2 consisted of T. evansi stocks from buffalo B15.1,
deer SAM.2, cattle XAL1 and T. evansi from GenBank (high bootstrap value (86%)). Group
3 contained T evansi stock from cattle KAL2 (high bootstrap value (89%)). Group 4
possessed T. evansi stock from deer SAM.1 (high bootstrap value (76%)). Group 5 was T
evansi stock from buffalo B18.1. The cladogram was able to show the variation of T. evansi
stocks in Thailand. In contrast, the cladogram of ITS2 when rooted with T. brucer showed
a single clade of T. evans! stocks from buffalo B17.2, B18.1 against the rest {low bootstrap

value (52%)). This revealed that the ITS2 1s the non-informative data for phylogenetic
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analysis. It can be proposed that the ITS1 region could be usde as the genetic marker for
ctassification of T. evansi strains that will be beneficial for the epidemiological studies of T,
evansi in Thalland In addition, the virulence patterns were described distinct in a parasite
species in which no molecular or biochemical heterogeneity. Therefore, the correlation of
genotypic and phenotypic characteristics of parasites with epidemiological features remains
a challenge and the multiple influences of environmental factors on both, parasites and
hosts, should be taken into account.

From several studies, it is apparent that extensive genetic diversity exists among T.
evansi stocks. The genotypes generated from each study can be useful references for
studying taxonomic relationships among morphologically identical parasite. However,
comparisons of genotypes among each study are difficult due to differences in methodology.
To date, there is no phylogenetic analysis of 185 tDNA and ITS region to evaluate variation
in T. evansi from Thailand. Hence, phylogenetic analysis of 18S rDNA and ITS region can
be used as a tool for definition of among define genetic variation T. evansi stocks.

In conclusion, phylogenetic and sequence analysis of complete 185 IDNA and ITS
region of T evansi were performed for evaluation of the subgenus of Trypanozoon.
However, more sequences regions such as mtDNA and kinetoplast DNA will be utilized to

confirm the evolutionary relationships of T. evansi in Thailand stocks from different hosts.
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