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The expression of several surface antigen genes in Trypanosoma brucei is mediated by the duplicative
transposition of a basic-copy variant surface glycoprotein (VSG) gene into an expression site. We determined
that the appearance of variant 118, in a parasitemia, resulted from at least four independent duplicative
transpositions of the same VSG 118 gene. Variants 117 and 118 both appeared at specific periods but resulted
from multiple independent activations. Antigenic variants thus occur in an ordered manner. We show that in
the duplicative transpositions of VSG genes, the ends of the transposed segments were homologous between the
basic copy and the expression site. Sequences other than the previously reported 70-base-pair (bp) repeats
could be involved. In one variant, 118 clone 1, the homology was between a sequence previously transposed into
the expression site and a sequence located 6 kilobases upstream of the VSG 118 gene. In variant 118b the
homology was presumably in 70-bp repeat arrays, while in a third 118 variant yet another sequence was
involved. The possibility that the 70-bp repeats are important in the initial steps of the recombinational events
was illustrated by a rearrangement involving a 70-bp repeat array. The data provide strong evidence for the
notion that gene conversion mediates the duplicative transposition of VSG genes. We discuss a model that
explains how the process of duplicative transposition can occur at random and still produce an ordered
appearance of variants.

Trypanosoma brucei is a protozoan parasite transmitted
by an insect vector, the tsetse fly, to a mammalian host.
When living in the bloodstream of the mammalian host, T.
brucei is covered by a dense protein coat consisting of a
single glycoprotein, the variant surface glycoprotein (VSG;
12), which protects it against complement-mediated lysis.
Moreover, by repeatedly changing the antigenic identity of
the VSG coat, T. brucei escapes antibody-mediated im-
munodestruction (13, 38, 39). Each VSG is separately en-
coded, and there may be up to 1,000 different silent basic-
copy VSG genes in the genome. The expression of these
VSG genes occurs through different DNA recombinational
processes, which translocate VSG genes to one of several
telomerically located expression sites, creating an expres-
sion-linked copy (ELC; 14). It is this new ELC which is then
transcribed (for a review, see P. Borst, Annu. Rev.
Biochem., in press). Several other VSG genes that are
always located at telomeres seem to be activated in situ (9,
19, 24, 34, 35, 41, 42).
A major route of VSG gene activation involves the dupli-

cative transposition of a preexisting basic-copy (BC) gene
into an expression site, presumably by unidirectional gene
conversion (10, 26, 27, 33). All of the transposed segments
analyzed thus far contain the VSG gene coding sequence and
1 to 2 kilobases (kb) ofDNA located 5' of it. The 5' ends of
the transposed segments are located within an imperfect
70-base-pair (bp) repeat (10, 18; T. De Lange, J. Luirink, J.
M. Kooter, and P. Borst, EMBO J., in press). At the 3' side,
the transposed segment ends variably, either -within the
conserved C terminus or beyond the conserved 3' end of the
gene (6, 28).
Even though different mechanisms apply to the activation

of VSG genes, some variants always arise early while others
arise late. Antigenic variants may therefore be generated in
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order, as in the case of T. equiperdum (11, 23, 40; A. Y. C.
Liu, P. A. M. Michels, A. Bernards, and P. Borst, J. Mol.
Biol. in press). We wanted to determine the mechanism of
duplicative transposition and identify whether variants arise
in order.

MATERIALS AND METHODS
Strains and cloning of trypanosomes. T. brucei variant 121

has been described by Liu et al. (J. Mol. Biol., in press), and
variant 118b by Michels et al. (21, 22). Trypanosomes were
cloned as described by Michels et al. (22).
DNA isolation and Southern blotting analysis. T. brucei was

grown in rats and purified from blood elements as described
by Fairlamb et al. (16). Nuclear DNA was isolated from
trypanosomes as described by Van der Ploeg et al. (33) and
digested with a fourfold excess of restriction endonuclease,
and the products were resolved on 0.8% agarose gels.
Following transfer to nitrocellulose (32), the filters were
prehybridized and hybridized with 32p-labeled probes (17,
29). After hybridization, filters were washed to a final
stringency of 0.2 x SSC-0.1% sodium dodecyl sulfate (SDS)
at 680C.

Construction and screening of genomic libraries. Nuclear
DNAs of variant 118 clones 1 and 4 were completely
digested with EcoRI and HindlIl, respectively, and then
ligated into the plasmid vector pUC18. These ligation mix-
tures were used to transform Escherichia coli HB101. About
2 x 104 transformants were screened for each library with a
32P-labeled probe of VSG 118 (5' EcoRI-PstI fragment from
TcV 118-2) and the 1.8-kb HindIII fragment described in Fig.
5. The isolated genomic clones were then used for subse-
quent characterizations.
RNA preparation and analysis. White male Wistar rats (300

g) were used to grow trypanosomes for RNA and DNA
isolations. Total RNA was isolated by LiCl precipitation
described by Auffray and Rougeon (2). Northern analysis of
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FIG. 1. Ordered appearance of antigenic variants in T. brucei. A
cloned population of variant 121 was used to initiate a chronic
infection of a rabbit. Blood samples were collected at daily intervals;
the parasites were amplified in rats, and RNA was isolated, trans-
ferred to nitrocellulose, and hybridized with VSG 118 and 117
5'-specific cDNAs. (Top) Schematic representation of the parasit-
emia; (bottom) dot blot Northern analysis of the samples. Lanes
117a and 118b contain control RNAs from variants 117a and 118b,
respectively. Lanes dlO through d28 contain RNA isolated from the
mixed populations on the indicated days.

RNA was carried out on 1% agarose gels containing 2.2 M
formaldehyde as described previously (8). The blots were
hybridized overnight in 50% formamide-5 x Denhardt
solution-3 x SSC-20 mM phosphate, pH 7.0, at 42°C with
32P-labeled probes. Following hybridization, filters were
washed to a final stringency of 0.2x SSC-0.1% SDS at 68°C.
DNA sequence analysis. Sequence analysis was performed

by the dideoxy chain termination method (30). Two ap-
proaches were used to generate suitable DNA fragments for
subcloning into the replicative forms of bacteriophage M13,
mpl8 and mpl9. In the first method, DNAs were cleaved
with restriction enzymes and ligated into the appropriate
M13 vector. In the second method, DNA subclones were
treated with Bal 31 exonuclease for various times at room
temperature to generate a series of overlapping clones.
These were subsequently ligated into the M13 vectors.

Pulsed-field gel electrophoresis. The electrophoresis units
and DNA samples were as described by Schwartz and
Cantor (31) and Van der Ploeg et al. (35). Agarose blocks
containing trypanosome chromosome-sized DNA molecules
were placed in the slots of a 1.0% agarose gel. DNA was
electrophoresed for 22 h at a pulse frequency of 20 s at 210
V/cm at 20°C. After electrophoresis the DNA was stained
with ethidium bromide and transferred to nitrocellulose as
described previously. The filter was hybridized with a 32p_
labeled cDNA probe (500-bp EcoRI-PstI fragment of TcV
118-2 [6]). Following hybridization, the filter was washed to
a final stringency of 0.1 x SSC at 680C.

the infected rabbit, variant 118 was detected at days 15
through 22, with a maximum of 30% positive fluorescing
variants at day 20 (Fig. 1). RNA samples were obtained from
parasite populations at days 10, 15, 20, 22, and 28 of the
parasitemia, transferred onto nitrocellulose filters, and
probed with cDNAs of VSG 117 and VSG 118 (Fig. 1).
Transcription of the 118 VSG gene was detected from days
15 through 22. Transcription of the 117 VSG gene was
detected after day 20.
Because the BC of VSG gene 118 is present as a single

copy, located at an internal position in the genome, the
activation of the 118 VSG gene must occur by duplicative
transposition of the gene into an expression site (37). There-
fore, the number of different ELCs which are detected in the
population may represent the minimal number of individual
activations. We analyzed the DNA from the heterogeneous
population of parasites isolated on day 20 for the presence of
VSG 118 ELC fragments. The VSG 118 cDNA probe hy-
bridized to the 5' end of the gene only in EcoRI-digested
nuclear DNA. It therefore does not detect length alterations
of the ELC which result from growth or deletions of the
telomeric repeats. A total of at least six distinct 118 ELCs
were detected in the EcoRI-digested DNA of the day 20
mixed population (Fig. 2, lane d20; as determined from a
comparison of lane d20 with the other lanes). Several of
these ELCs were already present in the day 15 population, in
which we first identified variant 118 (data not shown). That
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RESULTS

The appearance of a single variant occurs through the
generation of different ELCs. We determined whether the
timed appearance of a single new variant results from many
independent activations of the same VSG gene. This would
provide strong evidence for the notion that an order exists in
which antigenic variants arise. A rabbit was infected with a
clonal population of T. brucei variant 121. We then searched
for the appearance of variants 118 and 117 to determine the
number of independent activation events which led to the
presence of these variants. At daily intervals through day 50,
blood samples were collected. All samples were tested with
fluorescent antibodies for the appearance of variant 118. In

FIG. 2. Analysis ofVSG 118 ELC fragments. NuclearDNA from
a heterogeneous population of trypanosomes obtained from day 20
(d20) of a parasitaemia, variant 118 clone 1 and clone 4, and variant
118b were digested with EcoRI, size-fractionated on 0.8% agarose
gels, and transferred to nitrocellulose filters. The filter was hybrid-
ized with a 32P-labeled cDNA probe (PstI-EcoRI fragment from the
5' end of cDNA TcV 118-2 [6]. The different 118 ELC fragments in
the sample isolated from the day 20 parasitemia are indicated with
lines. Sizes are indicated in kilobases).
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these extra fragments in the mixed population were indeed
ELCs can be seen from the hybridization of three cloned
VSG 118 variants obtained from the day 20 mixed population
(Fig. 2). These ELCs were located on at least two different
chromosomes, of 2,000 and 340 kb, as determined by pulsed-
field gradient gel electrophoresis (Fig. 3, arrowheads).

Independent duplicative transpositions of VSG 118. To
better understand the mechanism of duplicative transposi-
tion and to prove that the different ELCs resulted from
independent VSG gene activations, we compared different
cloned variants obtained from the day 20 population of the
parasitemia. Three VSG 118-expressing variants were com-
pared: 118 clone 1, 118 clone 4, and variant 118b. Each clone
in Fig. 2 had a 118 ELC which corresponded in mobility to a
band in the Southern blot containing the DNA from the day
20 population; furthermore, all three variants transcribed the
VSG 118 gene, as determined by Northern analysis (see Fig.
8). To determine the size of the transposed segment and the
region of the breakpoint in the 118 ELC of clones 1 and 4,
nuclear DNAs isolated from these clones were digested with
restriction endonucleases, transferred onto nitrocellulose,
and hybridized with three different probes isolated from the
118 BC gene (Fig. 4, see legend for mapping strategy). Based
on these hybridization patterns, physical maps of the two
clones were constructed. Figure 5 shows the physical maps
of the ELC genes of all three independently cloned VSG 118
variants; variant 118b has been published previously (20) and
has a transposed segment of about 4 kb, while variant 118
clone 1 and variant 118 clone 4 both had transposed seg-
ments of about 8 kb. Moreover, the clone 4 transposed
segment was different from that of clone 1 in that it had 70-bp
repeat insertions in the 1.0-kb PvuII fragment of both the BC
and ELC (see below).
The presence of an insertion element in both the BC and

ELC of clone 4 shows that its ELC arose independently of
clone 1 and variant 118b. Also, the differences in the length
of the transposed segments and the differences in the phys-
ical maps between clones 1 and 4 and variant 118b demon-
strate that all three ELCs resulted from independent dupli-
cative transpositions. Since these three ELCs were located
in the 2,000-kb chromosomes, as shown by pulsed-field gel
electrophoresis (data not shown), they probably represent
one expression site only. However, in the day 20 parasite
population we found hybridization of the VSG 118 cDNA
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FIG. 3. Chromosomal location of the VSG 118 ELCs. Agarose
blocks containing trypanosome DNA samples isolated at day 15,
day 20, and day 28 of the parasitemia were loaded in the s ots of a
1.0% agarose gel and electrophoresed for 22 h with a pulse fre-
quency of 20s. The gel was stained with ethidium bromide (right-
hand panel), and the DNA was transferred to nitrocellulose and then
hybridized with the 32P-labeled 500-bp PstI-EcoRI cDNA fragment
from the 5' end of clone TcV 118-2 (left-hand panel).
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FIG. 4. Characterization of the 118 ELC and BC genes in variant
118 clone 1 and clone 4. The physical maps and location of probes
are indicated in Fig. 5. Digestion was with BgII (lanes 1), HindIll
(lanes 2), PvuII (lanes 3). (A) The transposed segment of clone was
about 8 kb in length, which is much larger than previously analyzed
transposed segments. The length of transposed segment is illus-
trated by the hybridizations of BglII-digested DNA (lanes 1) with
probes that are derived from an area up to 6.0 kp upstream of the BC
gene, which all detect ELC fragments. Because BgIII cuts within the
118 gene, the 5' cDNA probe (panel 5') and probe H (panel H) (these
probes span an area up to 2.8 kb upstream of the gene) detect a
single 3.9-kb fragment containing both the ELC and BC fragments.
Only in the hybridization with a probe located even further upstream
(probe P) did we detect the end of the transposed segment. In this
case the 3.9-kb BgIII ELC and BC fragments, a 4.2-kb BC BglII
fragment, and a 23-kb BglII ELC fragment hybridized (probe P, lane
1). The faint band at 6 kb in lane 1 was common to all variants and
therefore unrelated to the 118 VSG gene transposition. The telomere
end of the ELC was mapped with the 5' cDNA probe in HindIll and
PvuII digests (lanes 2 and 3, respectively). (B) The transposed
segment in clone 4 was also large (about 8 kb). However, compared
with clone 1, we found different BC and ELC fragments in clone 4.
The 5' cDNA probe (panel 5') and probe H (panel H) both detected
the same two BglII fragments of 4.2 and 5.4 kb (lanes 1). The BC
copy fragment in clone 4 was 1.5 kb larger than that of clone 1, and
the ELC fragment was 0.3 kb larger. This was confirmed by analysis
of BC and ELC clones that contained these rearranged sequences.
The presence of inserted stretches ofDNA in the 70-bp repeat array
of the BC and ELC of clone 4 is illustrated in the hybridization with
probe H. The clone 1 1.8-kb Hindlll fragment, containing both the
BC and ELC are respectively 3.3 kb and 2.1 kb in length in clone 4
(panel H, lane 2). In the HindIll and PvuII digests we mapped ELC
fragments containing the tip of the telomere (probe 5' lanes 2 and 3).
With the 4.2-kb PvuII probe (probe P) we determined the 5' end of
the transposed segment; in the BgIIl digest (probe P, lane 1) we
detected the ELC fragment of 4.2 kb, which comigrated with the
4.2-kb BgII BC fragment; in addition we detected the 5.4-kb
enlarged BC fragment and the 6.0-kb fragment which was common
to clone 1 and clone 4. The 25-kb BglIl ELC fragment spanned the
5' end of the transposed segment. Hybridization with probe P also
allowed mapping of the PvuII and Hindlll fragments located up-
stream in the expression site (ELC fragments indicated with dark
lines). These physical maps were verified with the cloned and
purified ELC fragments, 6.0-kb EcoRI fragment of clone 1, and
2.1-kb HindIIl ELC fragment of clone 4.

with the 340-kb chromosome (Fig. 3). This indicates that
duplicative transpositions occurred at other expression sites
on different chromosomes. The appearance of variant 118 in
this parasitemia therefore resulted from at least four (three at
a 2,000-kb and one at a 340-kb chromosome) independent
duplicative transpositions of the same VSG 118 gene. As at
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FIG. 5. Physical maps of the 118 BC and ELC genes. The black
boxes indicate the coding sequences of VSG 118 gene. The open
boxes indicate the coding region of VSG pseudogene MiTat 1.1000.
The DNA fragments used as hybridization probes are shown below
the map of the 118 BC. Probes used: 5', 500-bp PstI-EcoRI cDNA
fragment from the 5' end of clone TcV 118-2 (6); H, 1.8-kb HindIII
fragment located within the transposed segment (it contains many
70-bp repeats, which cause a faint smear in the hybridizations with
all variants in the high-molecular-weight range); P, 4.2-kb PvuII
fragment located upstream of the 70-bp repeats. The size of the
transposed segment in each variant is indicated below the ELC
maps with a line. The open triangle represents insertions, and the
flanking arrows show the integration sites. Abbreviations: Bg, BglII;
E, EcoRI; H, Hindlll; P, PvuII; S, Sall.

least six distinct 118 ELCs could be detected in the day 20
population (Fig. 2), numerous simultaneous activations of
the same VSG 118 gene must have occurred.

Duplicative transposition of VSG genes is mediated by
homologous flanking sequences. Thus far, the 5' ends of the
transposed segments have been located in an imperfect
70-bp repeat (10; De Lange et al., EMBO in press). Another
case described previously (27) demonstrated the presence of
a variant with an aberrant 5' end of the transposed segment.
However, the 5' border sequence of this transposed segment
remained unidentified. Because the expression sites con-
tained 70-bp repeats, it can be assumed that these repeats
function in aligning the BC and ELC site. Evidence for this
notion can be obtained by establishing that the 5' borders of
other transposed segments retain homology between BC and
ELC but can consist of different DNA sequences. We
therefore determined the 5' border sequence of the BC and
ELC of a transposed segment which did not end in a 70-bp
repeat. Unlike variant 118b (21, 22), the 5' border of the
transposed segment in clone 1 and clone 4 was not located in
the 70-bp repeat region.
To determine the nucleotide sequence of the 5' end of the

transposed segment, we isolated a 6-kb EcoRI fragment from
the 118 ELC of clone 1. The sequences around the break
junction of both the BC and the ELC of the 118 VSG gene in
clone 1 were determined (Fig. 6). The 5' end of the trans-
posed segment in clone 1 was located in a stretch of DNA
about 350 bp long, in which there was 60% homology
between the BC and the ELC and which completely differed
from the 70-bp repeats. In Fig. 6 this region is divided into
two parts, a 50% homologous region and a region which
retains 70% homology between the BC and the ELC (HR
region). The sequence downstream of this homologous re-
gion was identical to that of the BC. The fragment which was
about 50% homologous between the BC and the ELC (ES in

Fig. 6) hybridized to two bands in a PvuII digest of nuclear
DNA from different variants. However, in variant 118 clone
1, a third band was visible (Fig. 7, arrowhead). This third
hybridizing PvuII fragment correponded to the VSG 118
ELC fragment of clone 1. Moreover, the ES sequence did
not hybridize to the 4.2-kb PvuII BC fragment of VSG 118,
which contained the 5' end of the transposed segment.
Because the ES sequence preexists in the genome, as
deduced from its hybridization to two BC bands in nuclear
DNA, it is unlikely that the ES sequence was created at
random during duplicative transposition of VSG 118 by a
sloppy DNA polymerase. The ES sequence must therefore
have been duplicated and transposed into the expression site
previous to the VSG 118 transposition. Because the ELC of
variant 118 clone 4 did not hybridize with the ES probe, its
5' breakpoint must be located in another DNA sequence.

Therefore, different sequences (70-bp repeats and the
350-bp region presented here) that are homologous between
the BC and ELC can flank the ends of the transposed
segments. Their function may be to align the BC and the
ELC. Apparently, homology between the transposed seg-
ment and its target site, as opposed to the presence of a
particular nucleotide sequence, is essential for duplicative
transposition.

Duplicative transposition of two linked VSG genes. The
transposed segments of clones 1 and 4 both carried two
linked VSG genes, the MiTat 1.1000 VSG gene, located
proximally, and the 118 VSG gene, located distally. How-
ever, the mRNA of the 118 VSG gene was the only detect-
able mature VSG mRNA (Fig. 8). The presence of several
stop codons in the nucleotide sequence of the MiTat 1.1000
gene showed that it was a pseudogene (Fig. 6, boxed
sequences). The VSG 221 expression site also possesses two
VSG genes at an expression site (5). However, both the VSG
221 and its pseudogene produced mature mRNAs. We are
currently analyzing whether the MiTat 1.1000 pseudogene is
transcribed in nuclear run-on assays.

70-bp repeats inserted at the BC and ELC of variant 118
clone 4. We found an insertion element in the 70-bp repeats
located upstream of the 118 gene of clone 4 (Fig. 9). To
identify conserved sequences that may mediate recombina-
tion at the 70-bp repeats, we analyzed these inserted se-
quences. The integration occurred between the fourth and
fifth 70-bp repeats of the original BC; however, the length of
the inserted fragment was 1,500 bp in the BC and 300 bp in
the ELC. Sequence analysis of the inserted fragments dem-
onstrated that 4 and 13 70-bp repeats had been added into the
70-bp repeat regions of ELC and BC, respectively (Fig. 9).
Because the sequence of these repeats was different from
that of the flanking 70-bp repeats, we can exclude the
possibility that they were generated through unequal sister
chromatid exchange.

DISCUSSION

All activations of the VSG gene 118 BC occur by duplica-
tive transposition of the gene into a telomerically located
expression site (4, 33). We show that the appearance of
variant 118 occurs in an ordered manner, because many
independent activations of the same VSG 118 gene were
detected at one specific period of a parasitemia. Variant 118
appeared earlier than variant 117, and the occurrence of both
variants was accompanied by the presence of many different
ELCs (data for VSG 117 not shown). We have demonstrated
at least three distinct duplicative transposition events of the
VSG 118 gene, occurring at one expression site, located in
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FIG. 6. Sequence of the 5' border of the transposed segment and
of the VSG pseudogene miTat 1.1000 in variant 118 clone 1.
Nucleotide sequence was determined by the dideoxy chain termi-
nation method (30). The top line shows the sequence of the ELC; the
lower line shows the differences in the nucleotide sequence of the
BC; the first 100 nucleotides are 50% homologous between BC and
ELC; the nucleotide sequence beyond this point only needs dele-
tions in the BC strand for optimal alignment. The nucleotide
sequence, except for the first 100 nucleotides, is aligned to optimize
homology. ES, expression site-specific sequence between EcoRI
and PstI sites. This sequence is 50% homologous between the BC
and the ELC. This sequence was used as a probe to detect its copy
number in the trypanosome genome. HR represents the 70%o homol-
ogous region between the BC and the ELC. Sequences downstream
of HR are completely identical between the BC and the ELC. The
arrows in the sequence indicate the starting position of the identical
region. Stars show missing residues. The open boxes indicate the
in-frame termination codons in the coding region of the MiTat 1.1000
gene. The double line shows the end of the coding region of the

FIG. 7. Characterization of the ES sequence in variant 118 clone
1. Nuclear DNAs were digested with the restriction enzyme PvuII,
size-fractionated in 0.8% agarose gels, transferred to nitrocellulose,
and hybridized with the 100-bp PstI-EcoRI fragment of clone 1
shown in Fig. 6 as ES. Following hybridization, filters were washed
to a final stringency of 0.2x SSC-0.1% SDS at 68°C. The origin of
the DNA samples is indicated at the top.

the 2,000-kb chromosomes. However, transpositions into
other expression sites occurred, as shown by the hybridiza-
tion of VSG 118 cDNA with a 340-kb chromosome (Fig. 3).
We have not shown that this gene copy on the 340-kb
chromosome is transcribed. However, this ELC was present
at day 20 and not in the day 28 population. Therefore, it must
have been selected against. Since this selection probably
resulted from the antibody-mediated killing of variant 118
trypanosomes, the VSG 118 gene may have been tran-
scribed.
The data show that a timing mechanism must exist which

allows the ordered appearance of variants. It is unlikely that
the timing of expression is regulated by sequence homolo-
gies between the BC and the ELC. In variant 118 clone 1 the
5' end of the transposed segment was located in a 350-bp
stretch ofDNA which was 60% homologous between the BC
and the ELC. The 5' end of the clone 4 transposed segment
was located in yet another sequence, because its ELC did
not hybridize with the clone 1 breakpoint sequence. The
breakpoint of the previously described variant 118b is, as in
most other variants, located in the 70-bp repeat array (21).

MiTat 1.1000 gene. Abbreviations: Bg, BglIH; H, HindlIl; S, SalI.
14-mer, Conserved nucleotide sequence at the end of most VSG
genes.

VOL. 7, 1987



362 LEE AND VAN DER PLOEG

A B
12 1 2

i8-

0-6-

kb

FIG. 8. Analysis ofRNA of the VSG 118 and VSG MiTat 1.1000
genes in clone 1 and clone 4. Total RNA (15 ptg) from each variant
(lanes: 1, clone 1; 2, clone 4) was electrophoresed in a 1% agarose
gel transferred to nitrocellulose filter, and hybridized with a 5'-
oriented 500-bp PstI-EcoRI cDNA fragment from clone TcV 118-2
(A) or the 700-bp Sall-HindIII fragment spanning the coding region
of the MiTat 1.1000 gene (B). Following hybridization, filters were
washed to a final stringency of 0.2x SSC-1.0% SDS at 68°C.

The 5' ends of these three transposed segments are thus all
different in sequence. Therefore, the nucleotide sequence
itself is not enough to explain the ordered generation of
variants. As VSG genes have extensive homology at their 3'
ends, it can be postulated that these mediate the ordered

appearance. However, all VSG genes have related se-
quences at their C-terminal coding regions and in their 3'
untranslated regions; therefore, it is unlikely that these could
determine order.
Another possibility is that frequent duplicative transposi-

tions occur randomly, allowing any homologous sequence to
mediate duplicative transposition. Specific switches, such as
those we detected, would then have been selected for by
another mechanism. Since the switch frequency estimated in
vitro is too high (10-6 to 10-7 per division; G. S. Lamont,
R. S. Tucker, and G. A. M. Cross, Parasitology, in press) to
explain the limited number of different variants that occur in
vivo, selection seems to be a real option. Selection could
result from diminished viability of a short-lived switch
intermediate (36). Variants with coats that consist of more
than one type of VSG have been identified (3, 15). These
may represent switch intermediates. Thus, if only a few
combinations ofVGSs in double coats are protective in vivo,
successful antigenic switches will be few. The timed and
independent activations of VSG gene 118 by different dupli-
cative transpositions can thus be explained if they occurred
in a common precursor variant.
Pays et al. (26) have provided evidence that segmental

gene conversions among telomeric VSG genes can alter the
VSG gene coding sequence. Moreover, based on the struc-
ture of the transposed segment, a process equivalent to the
gene conversion which occurs during mating type switches
in yeast has been proposed to mediate the duplicative
transposition of VSG genes from a chromosomal internal
location to a telomeric position (10, 25, 33). Duplicative

118 clone4 ELC
BgE P H Bq HEBgtIIV I

1-------5' "s 3' 2kb,a

e ----I-- 1234 b

'14'ATAATGATTAATAATGATAGGAGAGTGGTGTAAGTGTGTGCATACGAATATTATAATAAGA CAG

TAATATTAGTAATAATGATAATAATAATGATAAGAGAATGTTGTGAGTGTGTATATACGAATATT
ta

ATAATAAGAGCAGTAATAAATATAATGATAATAATGATAATAATAGGAAAGTGTTTTGAGTGTGT
lb

GTATACGAATATAATAATAAGAGTAGTAATAATAATGATAAAAATAAGAGAGTGTTGTGTGTATG
C

CGAATATTATAATAAGAGIAGTAATGATAATAATAATAATAATAATAGGAGAGTGTTGTAAGTGT
d

CTGTATACTTATATTAGAATAAGAGTAATAAGGATAATAATAATAATGATAAG
*5

AGAGTGTTGTGAGTGTGTATATACAAATATTATAATAAGAAGTAATGATAATGATAATGATGA

TAATAATAGGAGTGTGTTGTGAGTGTGTATATACGAATATTATAATAAGAGFAGCGGCGCTATT

CS. CAG...... (TAA)n..... TAG PAGAGTGTTGTGAGTGTG(TP)mTA CGAATATTATAATAAGAG
1. TTGTAATGGTAATAGTGATAATAATAG AAGAGTGCTGTGAGTGTGTATATA CAAATATTATAATAGAG
2. CAGTAGTAATAATAATAATAATGATAA GAGAATGTTGTGAGTGTGTATATA CGAATATTATAATAA
3. TGATAATAATAATGATAATAATGATAG GAGAGTGTTGTAAGTGTGTGCATA CGAATATTATAATAAGAG
4. CAGTAATATTAGTAATAATGATAATAATAATGATAA GAGAATGTTGTGAGTGTGTATATA CGAATATTATAATAAGAG
a. CAGTAATAAATATAATGATAATAATGATAATAATAG GAAAGTGTTTTGAGTGTGTGTATA CGAATATAATAATAAGAG
lb. TAGTAATAATAATGATAAAAATAA GAGAGTGTTGTGTGTATG CGAATATTATAATAAGAGI
c. CAGTAATGATAATAATAATAATAATAATAG GAGAGTGTTGTAAGTGTCTGTATA CTTATATTAGAATAAGAG
d. TAGTAATAATAGTAATAAGGATAATAATAATGATAA GAGAGTGTTGTGAGTGTGTATATA____A TA &.T. kAGA,
-7ATGATAATGTGATAATAATAG GAGTGTGTTGTGAGTGTGTATATA CGAATATTATAATAAGAG

FIG. 9. Nucleotide sequence of the insertion in the ELC of variant 118 clone 4. Regions containing DNA of interest were subcloned and
sequenced by the dideoxy chain termination method (30). (Top) Physical map of the VSG 118 clone 4 ELC. 1, 2, 3, 4, and 5 represent the
70-bp repeats in the original VSG 118 BC. a, b, c, and d represent the newly inserted 70-bp repeats in the 118 ELC of clone 4. The positions
of the starting site of each repeat are marked by arrows. The location of the putative integration site is rnarked by asterisks. (Bottom)
Comparison of the original 70-bp repeats (numbered 1 to 5) and the newly inserted 70-bp repeats (lettered a to d). CS, 70-bp repeat consensus
sequence; n and m indicate variable numbers ofTAA and TP nucleotides, respectively. P. Purine nucleotide. See the legend to Fig. 5 for other
abbreviations.

MOL. CELL. BIOL.



TRANSPOSITIONAL ACTIVATION OF A SINGLE VSG GENE 363

transposition via gene conversion requires homologous pair-
ing of the ends of the transposed segments with the target
site. We have demonstrated that a large (at least 350 bp)
stretch of DNA exists at the 5' end of the transposed
segment which is homologous between the BC and the ELC.
This observation provides strong evidence for gene conver-
sion as the mechanism for duplicative transposition of VSG
genes. It also indicates that the 70-bp repeats that flank most
transposed segments can be involved in aligning donor and
target, but that the nucleotide sequence of the homologous
region is not important.
One of the primary functions of the 70-bp repeat may be

initiation of recombination. Insertion elements integrated at
identical nucleotide positions in the BC and ELC of variant
118 clone 4 are indicative of 70-bp repeat specific recombi-
national events. The sequence analysis of the insert and
flanking sequences excludes the possibility that unequal
sister chromatid exchange created the insertions. A compar-
ison of 70-bp repeat recombinations does not allow an
accurate determination of their breakpoints, again due to the
repetitive nature of the sequences (1, 4, 7, 10; De Lange et
al., in press).
The inserts at the BC and ELC of variant 118 clone 4 were

of different lengths. This length difference cannot be ex-
plained by independent transpositions into the same target
site, because such integration events are rare and would not
explain how integration of the same repeats occurred in front
of the same gene at the same site. One possibility is that
there was an initial insertion into the BC, which was rear-
ranged after translocation to the ELC. Alternatively, it is
possible that a single event occurred at duplicative transpo-
sition. This could be explained by integration of 70-bp
repeats during the process of gene conversion. After sepa-
ration of the BC and the ELC, two heteroduplex molecules
then result which repaired differently, resulting in variation
of the insert sizes. We are currently testing whether specific
DNA-binding proteins are present that can recognize and
perhaps cleave the 70-bp repeat and in this way initiate
duplicative transposition.
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