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SfiI and NotI polymorphisms in Theileria stocks detected by pulsed field 
gel electrophoresis 
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DNAs of Theileria parva parva, T. p. lawrencei, T. p. bovis and Theileria mutans stocks, from Kenya, Uganda, Zanzibar and 
Zimbabwe were digested with either SfiI or NotI and analysed using con!our-clamped homogeneous electric field (CHEF) and 
field-inversion gel electrophoresis (FIGE). The SfiI-digested T. parva genomic DNA resolved into approximately 30 fragments 
while the NotI digestion produced between 4-7 bands. The summation of the sizes of SfiI fragments gave an estimate of 9-lOxl()6 
base pairs for the size of the T. parva genome. Heterogeneity within T. p. parva Muguga, PembalMnarani and Mariakani stocks 
was detected. All the T. parva stocks analysed showed SfiI and NotI restriction fragment length polymorphisms (RFLP). Hybri­
disation of 5 SfiI-digested T. parva DNAs with a Plasmodium berghei telomeric repeat probe suggested that most of the poly­
morphisms and heterogeneity occurred in the telomeric or sub-telomeric regions of the genome. The recognition by the Plas­
modium telomeric probe of 7-8 strongly hybridising SfiI bands indicates that the T. parva genome may possess at least 4 
chromosomes. The T. mutans genome was cut frequently with the above enzymes resulting in large numbers of fragments pre­
dominantly below 50 kb, thus suggesting either a much higher G+C content than T. parva or the presence of highly reiterated 
G+C-rich regions. 
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Introduction 

East Coast, fever (ECF) is a disease of cattle, 
caused by a tick-transmitted protozoan parasite 
Theileria parva. The parasite occurs in eastern, 
central and southern Africa and its presence co­
incides with the distribution of the tick Rhipi­
cephalus appendiculatus which is its main vector. 
The disease is of economic importance because it 
causes high morbidity and mortality in Bos taurus 
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Abbreviations: CHEF, contour-clamped homogeneous elec­
tric field electrophoresis; ECF, East Coast fever; FIGE, field 
inversion gel electrophoresis; MAb, monoclonal antibody; 
PBL, peripheral blood lymphocytes; PFGE, pulsed-field gel 
electrophoresis; RFLP, restriction fragment length poly­
morphism; TAE, Tris-acetateIEDTA; TBE, Tris-bor­
atelEDTA; TNE, Tris-HClINaClIEDTA; SSC, saline sodium 
citrate. 

and their crosses with Bos indicus, and in im­
proved Bos indicus cattle, thus inhibiting the in­
troduction of genetically improved and more pro­
ductive cattle into endemic areas. 

An infection and treatment· method of immu­
nisation against the disease has been developed 
[1] arid tested in several field trials with consid­
erable success providing protection in over 90% 
of the immunised cattle [2-6]. However, one of 
the major problems with the immunity engen­
dered in cattle is that it may be limited to certain 
strains of the parasite [7-9]. Thus, careful in vivo 
and in vitro characterisations of T. parva field 
isolates have. to be performed before selecting 
immunising stocks in the infection and treatment 
method [10]. 

In vivo characterisation of the T. parva para­
sites, which involves cross-immunity tests in cat­
tle, is useful in providing information on cross­
protection between stocks, while'in vitro tests, 
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such as isoenzyme analysis [11] monoclonal anti­
body (MAb) profiles [12], DNA probes [13,14]' 
and two-dimensional gel electrophoresis [15], 
provide information on phenotypic and genomic 
diversity in parasite stocks. In addition, these tests 
.are able to distinguish between stocks, providing 
a useful check on the identity of different para­
sites within a laboratory. Because of the complex 
epidemiology of theileriosis, involving wild Bov­
idae as reservoir hosts and several species of 
Theileria, it is necessary to have as many precise 
markers as possible to distinguish species, sub­
species, stocks and strains. Such markers will have 
·an important role in elucidating the epidemiology 
of theileriosis in Africa. 

Pulsed-field gel electrophoresis (PFGE) has 
been successfully used in separating chromo­
some-sized DNA molecules from several proto­
zoa [16--18] providing useful information on their 
genomic diversity at intra- and inter-specific level. 
In this paper we describe the use of two modified 
versions of PFGE,. contour-clamped homoge­
neous electric field (CHEF) electrophoresis [19] 
and field inversion gel electrophoresis (FIGE) [20] 
to characterise Theileria species from eastern and 
southern Africa and demonstrate the usefulness 
of these techniques in defining polymorphism be­
tween and heterogeneity within various stocks of 
T. parva. 

Materials and Methods 

Cattle 
The cattle used were Boran (Bos indicus) steers 

3-18 months of age, born to dams on a farm free 
from ECF. The animals were raised under strict 
tick control and had no antibodies to T. parva or 
T. mutans in the indirect fluorescent antibody test 
[21] before experimentation. 

Parasites 
.; Two species of Theileria, T. parva (comprising 

three sub-species T. p. parva, T. p. lawrencei, T. 
p. bovis) and T. mutans, were used in the study. 
Details of the various stocks of parasites used are 
given in Table I. The Kibarani stock was isolated 
from the Kilifi District of the Kenya Coast, and 
the PembalMnarani stock from the island of 
Pemba, Tanzania (S.P. Morzaria and A.D. Irvin, 

unpublished). The T. p. lawrencei 7014 stock was 
obtained from a naturally infected carrier buffalo 
captured in the Laikipia District of Kenya. The 
T. mutans Intona stock was isolated from Mara, 
Kenya (J. Mutugi and A.S. Young, unpublished) 
and the Kipange stock from the island of Unguja, 
Tanzania (S.P. Morzaria, T.T. Dolan and E. 
Flach, unpublished). The other stocks have been 
described elsewhere [12,22]. All the parasite 
stocks used in this study were uncloned and the 
Muguga and Marikebuni stocks have been iden­
tified as heterogeneous (refs. 13 and 14, and P. 
Toye, p~rsonal communication). Cattle were in­
fected by inoculation with sporozoite stabilates as 
described by Cunningham et al. [23]. The schi­
zont-infected cell-lines were obtained by in vitro 
infection of bovine peripheral blood lymphocytes 
(PBL) with sporozoites [24] and cultured to the 
required infected cell numbers. 

Parasites from three stages of the life-cycle were 
examined; sporozoites from infected tick salivary 
glands, schizonts from established infected lym-. 
phoblastoid cell lines and piroplasms from in­
fected erythrocytes. All these stages are assumed 
to be haploid [25]. 

Purification of different parasite stages 
Piroplasms. When the piroplasms parasitaemia in 
cattle was between 10-25%, 1-2 I of venous blood 
were collected in an equal volume of Alsever's 
solution containing 50 i.u. ml-1 heparin. Follow­
ing depletion of leukocytes, the erythrocytes were 
lysed in distilled water containing 1 mg ml- 1 con­
centration of saponin and piroplasms were puri­
fied as described [13]. The purified fraction was 
immediately processed' for DNA preparation in 
low-melting-point agarose. 

Schizonts. Approximately 108 infected cells were 
lysed with Ah-1 haemolysin [26] at room temper­
ature for 25 min and the schizonts released were 
purified according to the method of Sugimoto et 
aL [27]. 

Sporozoites. T. parva-infected adult ticks were fed 
on rabbits for 4 days to induce maturation of spo­
roblasts to sporozoites [28]. The salivary glands 
of the prefed adults were then dissected and ho­
mogenized in RPMI-1640 medium (Flow Labo-
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TABLE I 

Theileria stocks 

Parasite Stock Parasite stage Sporozoite stabilate Animal number Cell line 
stabilate number number 

T. p. parva 

T. p. lawrencei 

T.p. bovis 

T. mutans 

Muguga 

Mariakani 

Uganda 

Piroplasms 
Piroplasms 
Sporozoites 

Piroplasms 
Schizonts 

Piroplasms 
Schizonts 

PembaIMnarani Piroplasms 
Kibarani Piroplasms 
Marikebuni Piroplasms 

7014 Schizonts 

Boleni Schizonts 

Intona Piroplasms 
Kipange Piroplasms 

aIn vitro infection of lymphocytes with sporozoites. 

3087 
2949 
1004 

3029 
3029 

3066 
3066 

2913 
2448 
3014 

3081 

3039 

ratories, U.K.) before purification over a dieth­
ylaminoethyl cellulose column (Pharmacia Fine 
Chemicals, Uppsala, Sweden) following the 
method described for separation of sporozoites of 
Plasmodium berghei [29]. 

Parasite DNA preparation in agarose blocks 
Purified parasite stages were resuspended in 

either TNE (for piroplasms) or RPMI-1640 me­
dium (for schizonts and sporozoites) to give a 
concentration of between 109 and 1010 parasites 
per ml. The parasite suspension was embedded 
with an equal volume of 1.5% low-melting-point 
agarose (BRL, Gaithersburg, MD, U.S.A.) and 
then lysed, deproteinated and washed as de­
scribed [30]. 

Lambda ladders and Trypanosoma brucei chro­
mosome markers 

Concatemers of bacteriophage A. DNA CI 857 
S7 ladders (48.5-kb monomer) and Saccharomy­
ces cerevisiae DNA size markers were obtained 
commercially (Cambridge Bioscience, Cam­
bridge, U.K.) and Trypanosoma brucei DNAs 
were prepared as described elsewhere [30]. 

F290 
D642 

D784 
D212a 3033 

D786 
D810 3086 

E22 
E39 
F3 

C577a 3103 

D768a 

699 
E211 

Restriction enzyme digestion 
Following equilibration in 1 ml of the appro­

priate restriction enzyme· buffer for 2 h at 4°C, the 
agarose slice containing parasite DNA of 25 p,l 
volume was digested in 100 p,l of the enzyme 
buffer containing 40 units of either SftI or NotI for 
a minimum of 5 h at the temperature recom­
mended by the supplier (New England Biolabs, 
Beverly, MA, U.S.A.). Following digestion the 
agarose slice was resuspended in 500 p,l of either 
0.5 x TBE (90 mM Tris-HCI/90 mM boric 
acidl2.5 mM EDTA) or 1 x TAE (50 mM Tris­
acetate/0.5 mM EDTA) and was used within 24 
h. 

CHEF and FIGE 
Two modifications of PFGE, CHEF and FIGE 

were used to analyse Theileria DNAs. The CHEF 
apparatus was constructed at ILRAD according 
to the specifications of Chu et al. [19]. The FIGE 
apparatus was install~d as described by Carle et 
al. [20]. The Programmable Power Inverter PPI-
200 (MJ Research Inc., Cambridge, MA, U.S.A.) 
was used in association with either CHEF or 
FIGE to vary the pulse time intervals. 
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, For CHEF electrophoresis, 1.5%, 10.5 cm x 
14 cm agarose gels prepared in 0.5 x TBE were 
used and for FIGE 0.8% or 1 %, 24 cm x 22 cm 
agarose gels prepared in either 0.5 x TBE or 1 x 
TAE were used. The buffer was recirculated and 
cooled to 12°C during electrophoresis. Gels were 
stained in ethidium bromide (0.5 f,Lg ml- I ) and 
photographed under ultra-violet transillumina­
tion. 

Oligonucleotide hybridisation 
A 28-mer oligonucleotide (CCCTGAACCC­

TAAA)z corresponding to a sequence of a P. 
berghei telomeric clone [31] was made using an 
Applied Biosystems 381A Synthesiser. The oli­
gonucleotide was labelled with 32p as described 
[32], and was added to the hybridisation solution 
without removal of unincorporated [32P]dATP. 

A Southern blot of SfiI-digested T. parva DNA 
on a nylon filter (Amersham Hybond-N) was pre­
hybridised for 6 h in 6 x sse, 5 x Denhardt's 
(0.1 % each of bovine serum albumin, Ficoll 400 
and polyvinyl pyrollidone), 0.05% sodium pyro­
phosphate and 0.5% SDS at 42°C and then hy­
bridised with the labelled oligonucleotide in the 
same solution for 4 h at 42°C. After hybridisa­
tion, the filter was washed 4 times for 30 min in 
5 x SSC at 45°C before overnight autoradi­
ographic exposure. 

Results 

CHEF gels of Sfi] and Not] digested Theileria 
DNA. Separation of T. p. parva Muguga SfiI-di­
gested DNA on CHEF using a 10-s pulse switch­
ing time for 18 h predominantly resolved frag­
ments of between 30-600 kb, while the 4O-s pulse 
interval for the same' period resolved fragments 
from 400 kb to 1000 kb. A combination of 2 pulse 
switching times (10 s for 16 hand 40 s for either 
2.5 h or 4 h) gave optimum resolution of all the 
fragments between 40 and 1000 kb (Fig. 1A and 
B). 

Using this combination of pulse-intervals and 
digestion with SfiI, piroplasm DNAs from several 
stocks of T. p. parva were analysed. Fig. 1A 
shows' 5 T. p. parva stocks and one T. mutans 
stock separated on CHEF. Except for minor dis­
tortions, the digested DNAs were resolved in dis-
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Fig. 1. Demonstration of polymorphism in 5 different T. parva 
stocks. (A) SfiI-digested DNAs from (1) Muguga piroplasm 
(2949); (2) Muguga piroplasm (1004); (3) Muguga sporozoite 
(passage from 1004); (4) PembalMnarani piroplasm (2913); (5) 
Mariakani piroplasm (3029); (6) Uganda piroplasm (3066); and 
(7) Kibarani piroplasm (2448). Lane 8 is the SfiI-digested pi­
roplasm DNA of T. mutans Intona stock. (B) Lanes 1, 2, and 
8 show ILTat clone 3 T. brucei undigested DNA, X concate­
mers and S. cerevisiae yeast as markers, respectively. Lanes 
3-7 are SfiI-digested piroplasm DNA of (3) Uganda (3066); 
(4) Kibarani (2448); (5) Marikebuni (3014); (6) Mariakani 
(3029); and (7) Muguga (3087) stocks. The CHEF in panel (A) 
was performed at a pulse frequency of 10 s for 16 hand 40 s 
for 2.5 h, while that in panel (B) was performed at a pulse 
frequency of 10 s for 16 hand 40 s for 4 h. Both gels were run 

at 200 V. 

tinct numbers of discrete fragments on parallel 
lanes, allowing for accurate comparison between 
stocks. All 6 stocks of T. p. parva, Muguga; 
PembalMnarani; Mariakani; Uganda; Kibarani 
(Fig. lA, lanes 3-7) and Marikebuni (Fig. 1B, 
lane 5), analysed on CHEF showed restriction 
fragment length polymorphisms (RFLP). T. p. 
parva Muguga and PembalMnarani stocks (Fig. 
lA, lanes 2 and 4) were very similar except for an 
extra 350 kb fragment present in the Muguga 
stock. The Uganda stock was the most unusual in 
that 3 major bands of 270, 300 and 370 kb (Flg .• 
lA, lane 6), present in all other stocks except 
Mariakani, were missing.' Varying degrees of 
ethidium bromide staining intensity of some frag­
ments, e.g., 650-300 kb fragments in T. p. parva 
Muguga, PembalMnarani and Mariakani stocks, 

,. 



A B c 

Fig. 2. CHEF separation of PembafMnarani, Mariakani and 
Muguga SfiI-digested DNAs (panels A, Band C, respec­
tively) showing presence of DNA fragments stained less in­
tensely with ethidium bromide than others of similar sizes (ar­
rows). This may indicate that those stocks have mixed parasite 

populations. 

indicated either the presence of heterogeneous 
parasite populations within stocks (Fig. 2A, Band 
C, respectively) or incomplete digestion of some 
of the 8ftI fragments. All these stocks were pre­
pared from field isolates and have been main­
tained in the laboratory without cloning. The faint 
bands did not disappear by either increasing the 
period of digestion up to 10 h or increasing the 
concentration of the restriction enzyme up to 100 
units. The total number of major 8ftI bands in the 
different stocks of T. parva examined varied be­
tween 28 and 33, the Uganda stock having the 
smallest number. 

The summation of the sizes of 8ftI fragments, 
accounting for apparent doublets and excluding 
faint bands gave an estimate of 9-10 x 106 bp for 
the size of the total genome of T. parva Muguga. 
The Uganda stock appeared to have the smallest 
genome. 

In stark contrast to T. parva DNA, the ge­
nomic DNA of T. mutans was cut frequently by 
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SftI and the majority of the fragments were be­
low 65 kb (Fig. lA, lane 8). Various combina­
tions of voltage and pulse intervals ranging from 
10 to 3600 s in CHEF did not separate the undig­
ested T. parva and T. mutans into more than 2 
fragments. 

FIGE analysis of T. p. parva and T. mutans. Fig. 
3A (lanes 1, 2, 3 and 4) shows FIGE separation 
of NotI digested D NAs of 4 stocks of T. p. parva 
Mariakani, Muguga, Uganda and Kibarani re­
spectively) and one stock of T. mutans (Intona). 
Polymorphism was again observed among the 
different T. p. parva stocks. As with SftI, the T. 

A B 
1234 12 

Fig. 3. FIGE of T. parva genome undigested and digested 
with Noti. (A) Lanes 1-4 are piroplasm DNAs of (1) T. parva 
Mariakani (3029); (2) Muguga (2949); (3) Uganda (3066); and 
(4) Kibarani (2448). (B) Lanes land 2 show undigested pi­
roplasm DNA of T. parva Kibarani and undigested DNA of 
ILTat clone 3 of T. brucei. The FIGE in panel (A) was per­
formed in 1 % agarose gel at forward pulse of 6.66 s and back­
ward pulse of 2.22 s for 24 hat 300 V. The FIGE in panel (B) 
was performed in 0.8% agarose gel at forward pulse of 0.3 s 

and backward pulse of 0.1 s for 20 h at 240 V; 
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mutans DNA was cut into numerous fragments of 
less than 100 kb (Fig. 3A, unmarked lane). The 
undigested T. parva Kibarani (Fig. 3B, lane 1) 
and Marikebuni DNAs were separated into 4 
fragments while the other stocks of T. parva and 
one stock of T. mutans separated into only 3 
fragments. 

Analysis and comparison of DNA prepared from 
different developmental stages of T. parva. Cer­
tain T. p. parva stocks do not produce high pi­
roplasm parasitaemia, e.g. T. p. bovis Boleni, T. 
p. lawrencei 7014 and T. p. parva Marikebuni. 
Therefore, genomic DNAs were prepared from 
either schizonts derived from infected cell-lines or 
sporozoites obtained from infected tick salivary 
gland acini. The DNA was digested with SfiI and 
then analysed by CHEF electrophoresis. Fig. 1A 
shows that no differences were apparent between 
T. p. parva Muguga piroplasm DNA (lane 2) and 
sporozoite DNA (lane 3) derived from the same 
stock. It is interesting to note that the T. p. parva 
Muguga sporozoites were passaged through the 
tick/cattle cycle 3 times while the piroplasms were 
passaged only once from the original reference 
stabilate. 

The restriction profiles of the schizont-derived 
DNAs of Muguga and Uganda stocks were the 
same as those obtained from the piroplasm 
DNAs. The SfiI restriction profiles of the T. p. 
bovis Boleni and T. p. lawrencei 7014 stocks were 
different from each other and from other T. p. 
parva stocks (results not shown). Although schi­
zont-derived DNA showed evidence of bovine 
DNA contamination it was sufficiently pure to al­
low comparison with the piroplasm-derived DNA. 

Hybridisation of SfiI-digested T. p. parva DNA to 
the P. berghei telomeric probe. A Southern blot 
of SfiI-digested DNA from 5 different T. p. parva 
stocks was probed with a 32P-Iabelled oligonu­
cleotide whose sequence was derived from the 
published sequence of cloned telomeric se­
quences from P. berghei [31]. Strong hybridisa­
tion signals were obtained on 7-8 SfiI fragments 
(Fig. 4B). In addition, weak signals were ob­
served, mostly corresponding to fragments stain­
ing weakly with ethidium bromide (e.g., in Fig. 
4B, lanes 2 and 5), but sometimes to strongly 
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Fig. 4. Hybridisation of SfiI fragments of T. p. parva DNA 
with a synthetic P. berghei telomeric repeat oligonucleotide. 
Panel (A) shows an ethidium bromide stained gel. Lanes 1-5 
contained SfiI-digested DNA from the T. p. parva stocks; (1) 
Uganda (3066); (2) Marikebuni (3014); (3) Kibarani (2248); 
(4) Mariakani (3029); and (5) Muguga (3087). Lane A con­
tained undigested DNA from T. brucei ILTat 1.3 (ILRAD 430) 
and lane B contained concatemerised lI.DNA. Sizes of frag­
ments inferred from these markers are shown in kilobase pairs. 
Electrophoresis was carried out at 200 V using 10-s pulses for 
16 h followed by 40-s pulses for 4 h. Panel (B) shows the re­
sults of hybridising a Southern blot of this gel with the oli-

gonucleotide probe. 

stained SfiI fragments around 250 kb (Fig. 4B, 
lanes 4 and 5). Only the two largest fragments 
detected by this probe were of the same apparent 
size in all stocks. Many, but not all, of the SfiI 
fragments differing between the stocks, hybri­
dised with the probe. The pattern of SfiI bands 
seen by the telomeric probe was unique in e~ch 
of the 5 T. p. parva stocks examined except for 
Uganda (3066) and Mariakani (3029) which ex­
hibited no obvious differences (Fig. 4B, lanes 1 
and 4). The probe was also found to hybridise 
strongly with 7-8 bands on an BcoRI digest of 



several stocks of T. parva DNA and these frag­
ments are susceptible to BAL 31 digestion sug­
gesting that they are situated at the ends of chro­
mosomes (R.P. Bishop and B. Sohanpal, 
unpublished results). 

The oligonucleotide probe hybridised strongly 
with all the T. brucei chromosomes (Fig. 4B, lane 
A) as has been observed with a different Plas­
modium telomeric repeat probe [33]. 

Discussion 

Sftl and Notl restriction enzymes cut the T. 
parva genome infrequently resulting in large-sized 
DNA fragments between 30 and 1000 kb. Both 
FlOE and CHEF resolved the majority of these 
fragments allowing genomic comparisons to be 
made between different species and stocks of 
Theileria. 

Restriction digests using both enzymes re­
vealed polymorphisms in different stocks of T. 
parva. In particular, Sftl produced sets of frag­
ments that could be discretely resolved by CHEF 
allowing informative comparisons to be made 
from ethidium bromide-stained gels. Of the elec­
trophoresis methods used, CHEF was found to be 
the most useful. The straighter migration of DNA 
in this system allowed more accurate compari­
sons than could be made using OFAOE (ref. 13 
and unpublished observations) and fragment res­
olution was superior to that obtained with FlOE. 

The genome size of T. parva estimated from 
CHEF experiments agrees well with that de­
duced from Cot analysis by Allsopp and Allsopp 
[14]. This agreement leads us to interpret the faint 
bands detected in some T. parva digests as orig­
inating from minor components within a mixed 
population, or from incomplete digestion at some 
sites. Otherwise, the stoicheiometry of ethidium 
bromide staining would lead to a much larger es­
timate of the genome size. 

The observation that the intensity of faint bands 
may vary on passage of a particular stock further 
supports the view that the parasite stocks are het­
erogeneous. For example, in T. p. parva Muguga 
stock, the two Sftl fragments between 370 and 400 
kb have been found to be more intensely stained 
in one passage than the ones described in this pa­
per. However, the evidence that these faint bands 
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really belong to minor components of a mixed 
population must await analysis of cloned T. parva 
parasites. So far, cloned parasites are not avail­
able for such a study and due to the nature of T. 
parva life-cycle cloning may not be a trivial pro­
cedure. The presence of heterogeneous parasite 
populations in T. parva appears to be a common 
feature of field isolates and laboratory stocks. We 
were able to detect heterogeneity in Muguga, 
PembalMnarani and Mariakani stocks. Similarly, 
heterogeneity has been detected in T. p. parva 
Muguga stocks by DNA probes [13,14] and in T. 
p. lawrencei by MAbs [12,13]. The heterogeneity 
in the Muguga stock is present despite its main­
tenance in the laboratory by several tick/cattle 
passages over 25 years. 

Hybridisation of Plasmodium telomeric repeat 
sequences to some T. p. parva Sftl fragments sug­
gests that the telomeric repeats of these related 
Apicomplexan parasites are similar. Strong hy­
bridisation of this probe with· 7-8 Sftl fragments 
in T. parva suggests that the genome of this or­
ganism contains at least four chromosomes. This 
is consistent with our observation of the presence 
of 4 discrete fragments in FlOE separations of 
undigested T. parva DNA (Fig. 3B). 

Some weak hybridisation signals correspond to 
bands strongly stained by ethidium bromide and 
may represent internal genomic copies of telo­
meric repeats, as observed in Plasmodium [34]. 
However, most weak signals were associated with 
bands faintly stained with ethidium bromide, 
which we have supposed to be the result of ge­
nomic heterogeneity within these parasite stocks. 
Thus most of the heterogeneity within these stocks 
may be the result of alterations in telomeric or 
sub-telomeric regions (between 100 and 350 kb; 
Fig. 4). 

Comparing different stocks, more than half of 
the polymorphic Sftl fragments hybridise with the 
telomeric repeat probe. Thus, rearrangements in 
Sftl telomeric fragments between 100 and 350 kb 
may account for the majority of the polymor­
phism between stocks. Further fine mapping of 
these Sftl fragments needs to be performed to de­
termine if this polymorphism is due to rearrange­
ments in tel orne ric repeat or sub-telomeric re­
gions. In P. Jalciparum, rearrangements within 
sub-telomeric regions [35,36] account for major 
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chromosome size polymorphisms. Changes within 
the SfiI telomeric fragments, however, cannot ac­
count for all the observed polymorphisms, as 
some polymorphic fragments do not hybridise 
with the telomeric probe. Whether the remaining 
differences are due to large scale rearrange­
ments, or merely to mutations affecting SfiI sites, 
remains to be determined. 

It is clear that SfiI RFLPs may be used in char­
acterisation and differentiation of T. parva stocks 
and will form a useful supplement to the cur­
rently available tests such as antischizont MAb 
reactivities [12] and RFLPs revealed by radiola­
belled probes [13,14]. The information gleaned 
about the parasite using the existing tests is lim­
ited, as the DNA probe hybridises mainly to one 
SfiI fragment and the panel of MAbs do not re­
cognise more than 3 parasite specific antigens. 
This is in contrast to SfiI polymorphisms, which 
examine the whole genome. 

The genome of T. mutans was cut more fre­
quently with both SfiI and NotI than was that of 
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T. parva. This suggests that the genome of this 
parasite is either of much higher G+C content 
than those of related species, or that there may 
be highly reiterated G+C-rich regions in the gen­
ome of this parasite which are absent, or of dif­
ferent sequence in the others. Further genetic 
analysis of this parasite is necessary to establish 
its relationship to other Theileria species. 

We conclude that, when purified parasites are 
available, SfiI RFLP analysis by CHEF electro­
phoresis provides a simple and useful addition to 
the battery of techniques available for the char­
acterisation of T. parva parasites. 

Acknowledgements 

We thank Mr. W. Emonyi and Mr. J. Kiarie 
and B. Sohanpal for providing technical assist­
ance, Dr. C. Sugimoto and Mr. R. Njamunggeh 
for purifying schizonts and Dr; A. Bensaid for 
advice on the use of FIGE apparatus. 

This is ILRAD publication No. 793. 

7 Young, A.S., Brown, C.G.D., Burridge, M.J., Cun­
ningham, M.P., Kirimi, I.M. and Irvin, A.D. (1973) Ob­
servations on the cross-immunity between Theileria law­
rencei (Serengeti) and Theileria parva (Muguga) in cattle. 
Int. J. Parasitol. 3, 723-728. 

8 Radley, D.E., Brown, C.G.D., Burridge, M.J., Cun­
ningham, M.P., Kirimi, I.M., Purnell, RE. and Young, 
A.S. (1975) East Coast fever, 1. Chemoprophylactic im­
munization of cattle against Theileria parva (Muguga) and 
five theilerial strains. Vet. ParasitoL 1, 35-41. 

9 Dolan, T.T., Radley, D.E., Brown, C.G.D., Cun­
ningham, M.P., Morzaria, S.P. and Young, A.S. (1980) 
East Coast fever: further studies on the protection of cat­
tle immunized with a combination of theilerial strains. Vet. 
Parasitol. 6, 325-332. 

10 Morzaria, S.P., Irvin, A.D., Taracha, E., Spooner, P.R, 
Voigt, W.P., Fujinaga, T. and Katende, J. (1987) Immu­
nization against East Coast fever: the use of selected stocks 
of Theileria parva for immunisation of cattle exposed to 
field challenge. Vet. ParasitoL 23,23-41. 

11 Allsopp, B.A., Gibson, W.C. and Stagg, D.A. (1985) 
Characterisation of some East African Theileria species 
isolates by isoenzyme analysis, with particular reference to 
T. parva. Int. J. Parasitol. 15,271-276. 

12 Minami, T., Spooner, P.R, Irvin, A.D., Ocama, J.G.R, 
Dobbelaere, D.A.E. and Fujinaga, T. (1983) Character­
isation of stocks of Theileria parva by monoclonal anti­
body profiles. Res. Vet. Science 35, 334-340. 

13 Conrad, P.A., lams, K., Brown, W.C., Sohanpal, B. and 



Ole-Moi Yoi, O.K. (1987) DNA probes detect genomic 
diversity in Theileria parva stocks. Mol. Biochem. Para­
sitol. 25, 213-226. 

14 Allsopp, B.A. and Allsopp, M.T.E.P. (1988) Theileria 
parva genomic DNA studies reveal intra-specific sequence 
diversity. Mol. Biochem. Parasitol. 28, 77-84. 

15 Sugimoto, C., Conrad, P.A., Mutharia, L., Dolan, T.T., 
Brown, W.e., Goddeeris, B.M. and Pearson, T.W. (In 
Press) Phenotypic characterisation of Theileria parva schi­
zonts by two-dimensional gel electrophoresis. Parasitol. 
Res. 

16 Van der Ploeg, L.H.T., Cornelisen, A.W.e.A., Barry, 
J.D. and Borst, P. (1984) The chromosomes of the kine­
toplastida. EMBO J. 3, 3109-3115. 

17 Spithill, T.W. and Samaras, N. (1985) The molecular kar­
yotype of Leishmania major and mapping of a- and (3-tub­
ulin gene families to multiple unlinked chromosomal loci. 
Nucleic Acids Res. 13, 4155-4161. 

18 Van der Ploeg, L.H.T., Smits, M., Ponnudurai, T., Ver­
meulen, A., Meuwissen, J.H. and Langsley, G. (1985) 
Chromosome sized DNA molecules of Plasmodium falci­
parum. Science 229,658-661. 

19 Chu, G., Vollrath, D. and Davis, RW. (1986) Separation 
of large DNA molecules by contour-clamped homogenous 
electric fields. Science 234, 1582-1585. 

20 Carle, G.F., Frank, M. and Olson, M.J. (1986) Electro­
phoretic separation of large DNA molecules by periodic 
inversion of the electric field. Science 232, 65-68. 

21 Goddeeris, B.M., Katende, J.M., Irvin, A.D. and Chumo, 
RS.C. (1982) Indirect fluorescent antibody test for exper­
imental and epizoological studies on East Coast fever 
(Theileria parva infection of cattle). Evaluation of a cell 
culture schizont antigen fixed and stored in suspension. 
Res. Vet. Sci. 33, 360-365. 

22 Irvin, A.D., Dobbelaere, D.A.E., Mwamachi, D.M., 
Minami, T., Spooner, P.R and Ocama, J.G.R. (1983) 
Immunization against East Coast fever: correlation be­
tween monoclonal antibody profiles of Theileria parva 
stocks and cross-immunity in vivo. Res. Vet. Sci. 35, 
341-346. 

23 Cunningham, M.P., Brown, e.G.D., Burridge, M.J. and 
Purnell, R.E. (1973) Cryopreservation of infective parti­
cles of Theileria parva. Int. J. Parasitol. 3,583-587. 

211 

24 Brown, C.G.D., Stagg, D.A., Purnell, R.E., Kanhai, G.K. 
and Payne, Re. (1973) Infection and transformation of 
bovine lymphoid cells in vitro by infective particles of 
Theileria parva. Nature 245, 101-103. 

25 Irvin, A.D. and Boarer, e.D.H. (1980) Some implications 
of a sexual cycle in Theileria. Parasitology 80, 571-579. 

26 Asao, T., Kinoshita, Y., Kozaki, S., Uemura, T. and Sak­
aguchi, G. (1984) Purification and some properties of 
Aeromonas hydrophila haemolysin. Infect. Immun. 46, 
122-127. 

27 Sugimoto, C., Conrad, P.A., Ito, S., Brown, W.C. and 
Grab, D.J. (1988). Isolation of Theileria parva schizonts 
from infected lymphoblastoid cells. Acta Trop. 45,203-216 

28 Bailey, K.P. (1960) Notes on the rearing of Rhipicephalus 
appendiculatus and their infection with Theileria parva for 
experimental transmission. Bull. Epizoot. Dis. Afr. 8, 
33-43. 

29 Mack, S.R., Vanderburg, J.P. and Nawrot, R (1978) 
Column separation of Plasmodium berghei sporozoites. J. 
Parasitol. 64, 166-168. 

30 Van der Ploeg, L.H.T., Schwartz, D.e., Cantor, C.R and 
Borst, P. (1984) Antigenic variation in Trypanosoma bru­
cei analysed by electrophoretic separation of chromo­
some-sized DNA molecules. Cell 37, 77...:..84. 

31 Ponzi, M., Pace, T., Dore, E. and Frontali, e. (1985) 
Identification of a telomeric DNA sequence in Plasmo­
dium berghei. EMBO J. 4,2991-2995. 

32 Berger, S.L. and Kimmel, A.R (1987) Guide to Molec­
ular Cloning Techniques, Academic Press, New York. 

33 Allshie, C., Dempster, M. and Hastie, N. (1989) Human 
telomeres contain at least three types of G-rich repeat dis­
tributed non-randomly. Nucleic Acids Res. 17,4611-4627. 

34 Vernick, K.D., Walliker, D. and McCutchan, T.F. (1988) 
Genetic hypervariability of telomere related sequences is 
associated with meiosis in Plasmodium falciparum. Nu­
cleic Acids. Res. 16, 6973-6985. 

35 Corcoran, L.M., Thompson, J.K., Walliker, D. and Kemp, 
D.J. (1988) Homologous recombination within subtelom­
eric repeat sequences generates chromosome size poly­
morphisms in Plasmodium falciparum. Cell 53, 807-813. 

36 Biggs, B.A., Kemp, D.J. and Brown, G.V. (1989) Sub­
telomeric chromosome deletions in field isolates of Plas­
modium falciparum and their relationship to loss of cy­
toadherence in vitro. Proc. Natl. Acad. Sci. USA 86, 
2428-2432. 




