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One would also expect that the future environment, which
is predicted to be warmer and drier, may be still critical to
its distribution and productivity. Thus efforts are required
for its conservation.
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Three complete genome sequences of White spot syndrome
virus (WSSV) from Thailand, Taiwan and China, were
analysed for the presence of tandem repeats. Thirteen
microsatellite and three minisatellite loci which could
serve as potential molecular markers for studying and
understanding the genetic and epidemiological relation-
ship among WSSYV strains were identified. Additionally,
we report the presence of two new polymorphic mega-
satellite loci within the genomes.
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WHITE spot syndrome virus (WSSV), an important shrimp
virus and one of the largest animal viruses is associated with
shrimp mortalities, causing huge economic losses to cultured
shrimp worldwide. WSSV has a large genome size; its
size has been reported as 292,292 base pairs (bp)',
305,107 bp” and 307,287 bp® for Thailand, Taiwan and
China isolates respectively. Since these three isolates show
little variation across their genomes with much of their
predicted proteins showing no sequence homology to any
other viral genes or genes from other organisms" ",
knowledge regarding the evolution, epidemiology or the
pathogenic mechanism of this organism has been limited.
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In the last few years, tandem repeats, i.e. DNA sequences
occurring as multiple copies arranged tandemly at a single
loci, are being increasingly recognized as informative markers
for studying genotypic variations among strains®’ and in
genomic evolution®. Tandem repeat loci exhibiting vari-
ability in their copy numbers are referred as variable number
tandem repeats (VNTRs). VNTRs of microsatellites (with
repeat unit tracts ranging from 1-6 bp) and minisatellites
(repeat unit tracts of 7-100 bp) occur in both prokaryotic™'’
as well as eukaryotic'' genomes. Within genomes, VNTRs
could be located either in the protein-coding or non-coding
regions. Studies on the inter-individual variability in copy
numbers of VNTR alleles have found applications in DNA
fingerprinting in humans'>" as well as in other organisms'*.
In bacteria, in addition to studying genotypic variation”'>'°,
VNTRs serve as potential markers for the identification of
pathogenic bacteria' ™" and the virulence factors associated
with their pathogenicity™. Studies with certain viral genomes
have further shown that polymorphism exists among viruses”'
and has proven to be useful as markers in epidemiological®
and virulence® studies.

In this study, we screened the complete genomes of WSSV
obtained from GenBank for the presence of VNTR loci,
which could facilitate the development of new markers
for detection and characterization of WSSV strains.

The three complete WSSV genomes in GenBank (acces-
sion numbers AF369029 (Thailand), AF332093 (Taiwan),
and AF440570 (China)) were analysed for the presence of
tandem repeats by Tandem Repeats Finder (TRF) program
developed by Benson and coworkers™. The program was run
with parameters set to +2, —5, —3 (match, mismatch, indel)
and minimum score adjusted to 30. Tandem repeats thus
obtained for the three genomes were further compared for
repeat size, copy number and genomic location. For com-
parative analysis, repeats obtained were compared for similar-
ity regions and copy variability within these regions using
BLAST and ClustalW programs. The presence of repeats

No.of occurrences

within coding and non-coding regions was identified based
on the annotation of the WSSV genomes in GenBank.

Figure 1 shows the output of analyses for the three WSSV
genomes with the TRF program and is limited to the unit
repeat size and to the total number of occurrences of these
repeats within the genomes. Our analyses show that there is
a relatively large number of repeats ranging between sizes
1 and 326 bp within WSSV genomes. Further, short repeats
appear to be more abundant compared to larger repeats. As
seen from Figure 1, there exists a high frequency of repeats
of sizes 3, 9 and 12 bases within the genomes.

Computer survey also revealed the presence of 18 po-
lymorphic VNTR loci, of varying repeat sizes in the
WSSV genomes. Tables 1-3 summarize the repeat size,
genomic position, copy number, repeat sequence, classifica-
tion of repeats as perfect or compound based on whether they
occur as a single unit or a combination of two or more re-
petitive units, presence within coding or non-coding regions
and their associated open reading frames (ORFs) for micro,
mini and megasatellite VNTRs within the three genomes.

Since the repeat sequence is determined based on a consen-
sus pattern in the TRF program; the program output is not
always similar to the actual repeat sequence. For example,
the repeat sequence unit output using the TRF program was
CTC with 14 copies for China (AF440570) isolate. However,
on actual observation we see contiguous copies of TCC re-
peated 12 times with starting position at 230529 (Figure 2 a).
Similarly; in Figure 2 b, instead of (ACT)y, we have a
compound repeat of (ACA); ACC (ACT), at position
14327 for Thailand genome (AF369029). Hence, in Tables
1-3 the genomic start position and the repeat unit sequence
have been modified based on the observed repeated sequence
in the prescribed region. This would enable us to more spe-
cifically design primers for amplification of a particular repeat
region.

Almost all of microsatellite VNTRs observed were triplet
repeats. Eleven out of these 13 microsatellite VNTRs were

B AF389029
IAF332003
B AF440570

§ |

Repeat size

Figure 1.
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Comparative occurrence of various repeat sizes within the three WSSV genomes.
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Table 1. Microsatellite copy variation within similar genomic loci of the three WSSV genomes

Repeat Genome/start Repeat Coding/ Associated

size position Observed repeat sequence classification noncoding ORF

3 TH-67689 (AGA)s (GGA), Compound coding orf 42
TW-18733 (AGA)s (GGA), Compound coding wsv 037
CN-52322 (AGA)s (GGA), Compound coding wssv 094

3 TH-89487 (TGT)s Perfect non-coding -
TW-40535 (TGT), Perfect non-coding -
CN-74121 (TGT), Perfect non-coding -

3 TH-93164 (CAG), (TAG)s (CAG), (TAG), (CAG); (TAG), Compound coding orf 65
TW-44216 (CAG); (TAG)4 (CAG), (TAG), (CAG); (TAG), Compound coding wsv 091
CN-77798 (CAG), (TAG)s (CAG), (TAG), (CAG); (TAG), Compound coding wssv 149

3 TH-119135 (GCT)s (GCC), Compound coding orf 84
TW-70375 (GCT)s GCC (GCT), GCC Compound coding wsv 143
CN-104284 (GCT)s GCC (GCT), GCC Compound coding wssv 198

3 TH-119219 (GCT)s (GCC), Compound coding orf 84
TW-70456 (GCT)s GCC (GCT), GCC Compound coding wsv 143
CN-104365 (GCT)s GCC (GCT), GCC Compound coding wssv 198

3and 6 TH-180799 AATGGA (GGA), (AATGGA), Compound coding orf 119
TW-131838 AATGGA (GGA); (AATGGA); (GGA), (AATGGA), Compound coding wsv 238
CN-165439 AATGGA (GGA), (AATGGA), (GGA), (AATGGA), Compound coding wssv 294

3 TH-185395 (C); (T)s (C); (CTT)y Compound non-coding -
TW-136453 (C )3 (T)s (C )3 (CTT)0 Compound non-coding -
CN-170054 (C)H3 (T)s (C )3 (CTT), Compound non-coding -

3 TH-189654 (A)s T (ACT), Compound coding orf 126
Tw-140847 (A)s T (ACT)e Compound coding wsv 252
CN-174445 (A)s T (ACT)e Compound coding wssv 307

3 TH-200953 (TCA)4 (TCT)s TCA (TCC)4 Compound coding orf 134
TW-152149 (TCA)4 (TCT)4 TCA (TCC)4 Compound coding wsv 271
CN-185741 (TCA)4 (TCT)s TCA (TCC)4 Compound coding wssv 326

3 TH-230529 (TCC)yo Perfect non-coding —
TWwW-181730 (TCCO)y, Perfect non-coding —
CN-215323 (TCQC)y2 Perfect non-coding —

3 TH-14327 (ACA)s ACC (ACT), Compound coding orf 8
TW-258569 (ACA); ACC (ACT), Compound coding wsv 446
CN-293191 (ACA); ACC (ACT)s Compound coding wssv 511

3and6 TH-18164 (CCT)s (ACTCCT), Compound non-coding -
TW-262406 (CCT)s (ACTCCT), Compound coding wsv 451
CN-267031 (CCT)s ACTCCT Compound coding wssv 454

3 TH-231669 TTC (CTC), TTC CTC Compound non-coding -
TWwW-182873 TTC (CTC), TTC CTC Compound coding wsv 318
CN-216469 TTC (CTC); TTC (CTC); TTC CTC Compound coding wssv 374

TH, Thailand; TW, Taiwan; CN, China isolates.
Compound repeats showing variation in their units are in boldface letters.

observed to occur as compound repeats showing copy
number variation in one of their units. These have been
marked bold in Table 1. We observed two large perfect
tandem repetition units: a 253 and 326 bp repeated several
times (Table 2), referred to here as megasatellites. While the
former was located in a non-coding region, the latter was
spread partially between a non-coding and a protein cod-
ing ORF located within the repeated region. Among the
three minisatellite VNTRs, one was observed to be a com-
pound repeat with a 45 bp repeat unit interspersed with a
57 bp nucleotide sequence. The 45 bp unit was a perfect
repeat varying only in copy numbers (Table 2).
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A similarity is observed among the three genomes with
regard to the number of detected repeats and their occur-
rences within the genomes. The relatively large number of
repeats existing within this viral genome suggests that the
WSSV genome may be prone to mutational processes
leading to insertion and deletion of nucleotides, and polymor-
phism, if any, arising due to these events could be useful
in using these repeats as markers. This is akin to the ear-
lier observations in several genomes studied. We looked
further for polymorphism within the identified repeats and
identified 13 microsatellites (unit repeat size < 10 bp), three
minisatellites (unit repeat size < 100 bp) and two mega-
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Table 2. Microsatellite copy variations within similar genomic loci of the three WSSV genomes

Repeat Genome Coding/ Associated
unit (bp) start position (Repeat unit) copy numbers Classification non-coding ORF
54 TH-142744 (54)6 Perfect Coding orf 94
TW-93475 (54)12 Perfect Coding wsv 178
CN-127388 (54)6 Perfect Coding wssv 234
45 and 57 TH-107964 (45), 57 (45)5 57 (45); 57 (45) Compound Coding orf 75
TW-59013 (45), 57 (45)5 57 (45)3 57 (45)3 57 (45), Compound Coding wsv 128
CN-92594 (45), 57 (45)5 57 (45)4 57 (45)3 57 (45)5 60%(45); Compound Coding wssv 183
69 TH-187894 (69)6 Perfect Coding orf 125
TW-138949 (69)s Perfect Coding wsv 249
CN-172547 (69)6 Perfect Coding wssv 304
TH, Thailand isolates; TW, Taiwan isolates; CN, China isolates.
*Extra copy of GAA present.
Table 3. Megasatellite copy variations within similar genomic loci of the three WSSV genomes
Repeat Genome start (Repeat unit) copy Associated
unit (bp) position numbers Classification Coding/non-coding ORF
253 TH-126432 (253)¢ Perfect Non-coding -
TW-77669 (253)4 Perfect Non-coding -
CN-111575 (253)¢ Perfect Non-coding -
326 TH-28251 (326)¢ Perfect Partially coding and non-coding 17
TW-272678 (326)s Perfect Partially coding and non-coding 473
CN-2 (326)s Perfect Partially coding and non-coding 532

TH, Thailand isolates; TW, Taiwan isolates; CN, China isolates.
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Figure 2. Multiple sequence alignment for microsatellite regions.

satellite (unit repeat size > 100 bp) polymorphic loci within
the three WSSV genomes. Studies have shown that microsa-
tellite VNTRs can bring about an alteration in gene ex-
pression in eukaryotes® and prokaryotes”°. There is strong
evidence to show that microsatellite copy variations can act
as molecular switches, which play an important role in bacte-
rial phase variation'*?’. These could be located either within
open reading frames, such that alteration in the length of the
repeat alters the translational reading frame, or within
promotors™, where they affect the relative position of flanking
promoter components and influence transcription. While
triplet repeats are known to be associated with phase-
mediated bacterial virulence, non-triplets within coding
regions have the potential to radically modify protein and shift
bacterial phenotypes. Phase-variation genes described as
‘contingency genes’ facilitate adaptation of bacterial
population to changing environmental conditions® and are
also recognized as an important mechanism for modulation
of gene expression involved in bacterial virulence. Though

CURRENT SCIENCE, VOL. 89, NO. 5, 10 SEPTEMBER 2005

similar mechanism has not been reported in viral genomes
thus far, a study by Davis and coworkers' has demonstrated
the presence of very short polymorphic repeats in human
cytomegalovirus genome, suggesting a role of insertion—
deletion events and the use of these repeats as moleculer
markers. Similar studies with avian influenza virus, have
shown variation in the length of trinucleotide repeats to
be associated with increased virulence®. Most of the micro-
satellite repeats in this study were triplet repeats existing
as compound repeats with variation in any one of their
units. These triplet repeat arrays were much shorter than
those frequently examined for studies of microsatellite
variation. Identification of surrounding ORFs and the pro-
tein they encode may be one way of understanding the
function of VNTRs. In this study, we tried to associate
VNTR loci and their ORFs and found that most of the
microsatellites identified were associated within probable
protein-coding ORFs. It remains to be seen whether the
variability associated with these has any implication as
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contingency genes, which could be involved in the virulence
and host adaptation in WSSV strains. This could possibly
explain the vagaries associated with this viral disease in
shrimps and its adaptation to different hosts.

Recently, a study by Wongteerasupaya and coworkers™
has shown that different WSSV strains isolated from
Thailand had a variable 54 bp VNTR locus and suggested
its role as a marker for epidemiological studies of WSSV
strains. In addition, we could identify two other minisatellite
VNTRs; a 69 bp pertfect repeat and a compound repeat of 45
and 57 bp (Table 2). Similar results were also observed by
Marks and coworkers®' using a different tool. Our observation
also suggests that these three minisatellite variations have
significant potential to be used as markers for studying VNTR
diversity, which could help understand the genetic and
epidemiological relationships between WSSV strains isolated
from different geographical regions and from several different
hosts. This is a rare feature of this virus.

While micro- and minisatellites are frequently being used
as molecule marker tools, the role of higher tandem repeats
such as megasatellites has not been determined in any genome
except the human genome, where a few studies have sug-
gested the association of these megasatellites with genes that
are responsible for producing a large amount of tran-
scripts such as ribosomal RNA™ and U2 small nuclear
RNA®. In WSSV, the exact role and nature of these re-
peats in their genomes require further study.

Understanding the molecular basis of VNTR variation
will not only help in strain discrimination, but also on host
adaptation and virulence mechanism of any organism. This
study provides a substantial number of polymorphic loci in
WSSV genomes. The minisatellite markers described here
could help discriminate between WSSV strains in epidemi-
ological and ecological studies. Further, the microsatel-
lites described could provide a basis for determining
phenotypic variations that can arise due to small differ-
ences in gene sequences and their role in the virulence of
WSSV strains. Further, VNTR-based molecular biology
experiments are required, which could significantly extend
our understanding of the infection process in this important
viral pathogen.
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DNA samples from four Indian sheep breeds, viz. Garole,
Deccani, Bannur and Madras Red were screened by
PCR-RFLP to determine the presence of FecB mutation
in these breeds. The Garole was the only breed, which
carried the FecB mutation. The FecB mutation was in-
trogressed from Garole sheep into Deccani sheep and
Bannur sheep, and the performance of the crossbred
sheep is being monitored in subsequent generations.
Approximately half of the first backcross ewes (progeny
of FecB heterozygote F1 rams) was found to carry one
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copy of FecB mutation, as expected. The FecB PCR-
RFLP test was found to be fast, accurate and useful as
a tool for making breeding decisions.

Keywords: FecB (Booroola) gene, Garole sheep, PCR—
RFLP test, prolificacy.

SHEEP occupy a special niche in the Indian agricultural pro-
duction system and are important for the rural economy.
They are efficient converters of otherwise unutilized poor-
quality grass and crop residues into meat and skin. Profit-
able and sustainable sheep production is a high priority
for India and genetic improvement of sheep for meat pro-
duction is one of the important developmental priorities.
Enhancing reproductive rate is a logical approach to improv-
ing economic efficiency of meat production. However, the
litter size of almost all Indian sheep breeds, except the Garole,
is low and is thus a major constraint to sheep-meat produc-
tion. Introduction of a prolificacy gene into non-prolific
sheep breeds having other desired traits may effectively
increase the reproductive performance of local breeds. The
concept of breeding for increased fecundity has been ac-
cepted and adapted in ruminant breeding'. However, the
conventional method of selective breeding to increase the
reproductive performance of local sheep breeds would be a
slow process, since the heritability of litter size is typically
low and there is not much variation to exploit in the non-
prolific breeds.

The highly prolific ‘Booroola’, a strain of Merino sheep,
developed in Australia was selected solely on the lambing
performance of ewes”. Ovulation rate analysis of this breed
further provided strong evidence for single gene control of
the trait’. The Booroola fecundity gene, FecB, is a single
autosomal mutation that shows additive effect for ovula-
tion rate and partial dominance for litter size®. In early 2001,
Wilson et. al.® identified the mutation that causes super
prolificacy of Booroola, which was confirmed by groups
in France and the UK"®. The mutation was found in the
bone morphogenetic receptor type 1B (BMPRIB) gene. It is
hypothesized that this mutation might be reducing the
signalling through the receptors of granulosa cells. The
BMPRIB gene in humans is located in a region of chro-
mosome 4 that contains homologues of genes that have been
shown to be linked with the Booroola mutation®, Recently,
it has been shown that the Garole possesses the same muta-
tion as the Booroola’, supporting the theory put forth by
Turner® that the Bengal sheep that arrived in Australia in
1792 might be the probable source of FecB mutation in
Booroola.

The Garole is the only known prolific sheep breed in
India and is a native of Sunderban, the swampy delta region
of the Ganga river in West Bengal'’. This breed is mainly
reared for meat production. However, it has low growth
rate and body weight and poor survival in harsh semi-arid
environment' ', Therefore, three Indian sheep breeds, viz.
Deccani, Bannur and Madras Red with more desirable
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