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 Abstract

" Two molecular methods, the Randomly Amplified Polymorphic DNA (RAPD)
analysis and thé microsatellite technique, were used in.determining geneic variations in wild _
populations of the black tiger shrimps, Penaeus monodon, Fabricius.  Specimehs were
collected from 5 geographically separated locations of P. monodon consisted of Satun-
Trang, Phangnga, and Medan in the Andaman Sea and Chumphon and Trad in the Gulf of
Thailand.

In the RAPD analy31s using 7 arbitrarily selected primers, the percentages of
polymorphlc bands of 5 geographlc populations investigated varied from 51.5-57.7%. The
'average similarity index within populations across all primers ranged from 0.86-0.89. The
Phangnga P. monodon showed the highest level of within population similarity whereas the
remaining populations showed slightly lower similarity index. The genetic distance between

populations and UPGMA dendrograms indicated that the medan population was genetically
* different from Thai P.moﬁodon. (Dij=14.976%). Within Thailand, the Satun-Trang P. ..
.monodon was separated from the remaining geographié populations with a genetic distance-
of 2.632%. RAPD analysis yielded a total of 252 genotypes. A Monte Carlo a.r'lalysis'
illustrated geographic heterogeneity in genotype frequencies within this species suggesting
that genetic population structure does exist in this taxon (P<0.001 for all primers).
. Significant differences in genotypé freqliencies between Thai and Indonesian(Medan) P.
monodon were observed (P<0.0001). Within Thailand, The Andaman Sea P. monodon was
| signiﬁcanﬂy different from that of the Gulf of Thaialnd indicating population differentiation

between P. monodon from these two main fishery regions of Thailand.



) In the microsatellite technique, Ninety-seven (GT)n and 16 (CT)n microsatellites
were isolated from the partial genomic library of P. monodon. The microsatellites sequences .
were classified into three categories, perfect, imperfect and compound. The predominant
éategories found in P. monodon microsatellites are imperfect repeats for both (GT)n and
(CT)n. Very long repeat arrays with the common répeat_of 30-35 were found in P.
monodon microsatellite clones which resulted in difficulties in primer design. Four
miicrosatellite loci, CUPm618 CUPmo13, CUPmo195, and CUPmo386, were successfully
amplified. The number of alleles of each locus ranged from 14-28 alleles Genetlc
diversny among populations of Thai P. monodon were examined at CUPmo 18 Tocus.
Differences in allelic distribution and heterozygosity were .observed in all populatwns. A
chi—square analysis  using GEN.EPOVP indicated a significant difference between the

population of P. monodon from the Andaman Sea and the Gulf of Thailand (P#o.os).
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ama : 69 33/36 52.2 ~ 0.8646
Cwew B 34730 53.4 0.8626
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_ néuﬁﬂ.aﬂn FYR-ATY WY TUWT a319 aH
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@318 0.9478 0.9742 0.9697 - 0.3340
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Luauhmmuunmwmamdnwmﬂ?mﬂmeynu WUIIINNNELRD WA ULAS zanlny
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101 174 268 428 456 : 457 459

fuadu-amlng  P=0.0201 p=0.8810 p=0.0001 P=0.0000 P=0.7604 P=0.0387 P=0.0000
BUATU-LUAU P=0.0000 P=0.0000 P=0.0000 P=0.0000 P=0.0000 P=0.0000 P=0.0000
8 Ny -LNa% P=0.0000 P=0.0000 P=0.0000 P=0.0000 P=0.0000 P=0.0000 P=0.0000

v

é’aamaﬁ'\mu@ P=0.0000 P=0.0001 P=0.0000 P=0.0000 P=0.0001 P=0.0000 P=0.0000
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end ligation i pUC1T8 fieaaae Smal 91n%439 transform m]uwg; E. coli DH50L fatianais
‘ampicillin "|@ transformants HI&% 18,000 colonies liavn1TAsI9RaLW microsatellite clones
launns hybridization nudeTasay (GT) s yas (CT)15 wunilseuusnudu (GT)n 97
clones, (CT)n 9134 16 clones wanwwiily microsatellites lmnﬁuﬂ e {GATA)n, (ATT)n,
(AAC)n, (AT)n uay mononucleotides (A)n uaz (G)n nmImaauiiaedleinazes
smicrosatellite clones Wy microsatellites o perfect, unperfect ez compound Tudnan
24, 53, URT 23% GINEIGU (F98079 microsatellite ’Imﬂﬂ’ld ﬂLLa@qlusﬂﬂ 4) UFGIIN
microsatellites lumnmmmﬂumﬂmu@ unperfect WONTINITINLIIT W repeat ’mea“
clone flAuL1I0aUa 6 repeats AUTININNIT 100 repeats Iﬂﬂmmu repeat fIWLNN

:vwa@aﬂ'lwmq 30-35 repeats (nm 5)
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neanuuy PCR primers U8 myinTEwAsLLTYes microsatellite loci

ansauiandlalnausiao flanking regions 289 microsatellite clones WuN@aNULL
PCR primers Lﬁamwmn{uﬂiﬁumm microsatellite loci laly computer software "Gene
Runner’” 8n1elun1snn PCR fs 1 PCR reaction ﬂixnam;w 15-25 ng DNA, 1+ X PCR
buffer, 200 mM dATP, dCTP, dGTP usc dTTP, 100 nM %83 primer WaRzea uez PCR
product szamaFaylaumIaaasin upper %38 lower primer fidunng s @iv’m g-32P dATP
Taelmawla Ta polynucleotide kinase 1JsunIugmiLyin PCR @a 940, 1 w#1; annealing
temp (Tm-5), 30 3wi#l; 720, 1 WIT S 7 38U @8@IL 900, 30 W17 annealing temp
(Tm-5), 30 Aui; 720, 1 Ui 91UI% 38 38U LEILATIZANRAIY 6% polyacrylamide gel
(run gel 9 55 mA Uszanmt 2 va.) WUl 4 loci Ailn PCR product auiienala uazsunsn
score allele 0 e CUPmo 18, CUPmo386, CUPmo131 s CUPmo 195 erhmnasay
loci tmandt [mﬁﬁ'l,ﬂmmaauﬁ'uﬁ';arjwrzo INTITY TG wuﬁwgn loci Hanuudsdugs
fafduan alleles Awuluuass locus agluria 14-28 alleles FagnamImagaunuLlIiL

284 microsatellite fiegniuvins CUPmo18 locus haas lugﬂﬁ 6

) AEGT123456789101!!21314151617181920

bp

L

CUPmoli8

& o . L ode ‘
31}1'1 6 ANULLTNUY 89 microsatellite NaBus CUPmo18 locus

. P v a o
un? ACGT= M13 sequencing markers; v 1-20 = NIIINTIINTIA 20 @7
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NNITATIIFOY allelic segregation maagjni& wuﬁnn loci fin1snnonea allele
inwe-un lggn Lﬁu‘lﬂmungmaowuma pnawfidiunis  CUPmo386 locus $9a719Wy
anmm:mao null allele 91 microsatellite markers Awawlagsqansnvinanlaidu genetic
tags Lwamnaau genotype maaqevi@]a fratnsmImenen allele mnwa—uu vl,ﬂgg}n‘nmtmua
CUPmo18 locus melugﬂﬁ 7
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mmsmaaaaummmeumawuﬁmmlumamam 4 ﬂauﬂa 898 @39 Wi Ul
TUNWT Tasn1sarannuudsiud locus CUPmo 18 wmmvmamﬂo 983U allele U8z MY
nIzvad allele LANA1IAU (gﬂ’n 8) wazien heterozygosity agjflwn’m 0.49-0.83 (@m’mq 3)
iosndaefilglumsfineni sample size aaunain ua microsatellite locus fiaTavay
Jeuusiugs éwﬁa:uanmmLmnéwmaﬁuqmm‘lgﬁﬁaéﬁ effective number of allele (ne)
‘nmmmmnam ne = 1/ 2P2 ila P = a1 allelic frequencies N e wuiwﬁm% URSTUNT
ummu@nmomowuﬁmmma@ LLa'*mwoa'mm'lmmnmsmawmmsuuawam W8z 2Ina
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Abstract

Random amplified pelymorphic DNA (RAPD) anal-
ysis was used to amplify the genome of black tiger
- prawns {Penaeus monodon) to detect DNA markers
" and assess the utility of the RAPD method for in-
vestigating genetic variation in wild P monodon
in Thailand. A total of 200 ten-base primers were
screened, and 84 primers yielded amplification
.. products. Six positive primers that gave highly re-
producible RAPD patterns were selected for the
analysis of three geographically different samples of
Thai P monodon. A total of 70 reproducible RAPD
. fragments ranging in size from 200 to 2000 bp were
~ scored, and 40 fragments (57%} were polymorphic.
The RAPD analysis of broodstocks from three differ-
ent locales, Satun-Trang, Trat, and Angsila, revealed
different levels of genetic variability among the sam-
. ples. The percentages of polymorphic bands were
© 48% and 45% in Satun-Trang and Trat, respectively,
suggesting a high genetic variability of the two sam-
ples to be used in selective breeding programs. Only
25% polymorphic bands were found in the Angsila
- sample, indicating the lowest polymorphic level
among the three samples examined. Primer 428 de-
tected a RAPD marker that was found only in P,
monodon originating from Satun-Trang, suggesting

*Correspondence should be sent to this author.
© 1997 Blackwell Science, Inc.
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the potential use of this marker as a population-
specific marker in this species.

Introduction

The black tiger prawn (Penaeus monodon Fab-
ricius) is successfully cultured for food in many
Asian countries. In Thailand, this species is the
most economically important cultured shrimp, pro-
viding a substantial income of approximately US$2
billion in 1994 {Lin and Nash, 1996). The shrimp
production of Thailand has increased rapidly dur-
ing the last decade. The total amount of farm-raised
black tiger prawns increased from 33,000 metric
tons in 1987 to 220,000 metric tons in 1994. How-
ever, the farming of P. monodon relies entirely on
broodstocks caught from wild populations for the
supply of juveniles. Attempts to domesticate this
species are now being undertaken (Benzie, 1994).
As a first step toward the genetic improvement of
this species, genstic variations among populations
are being investigated.

Allozyme variability has been extensively used
in Penaled prawns, but a low level of variation has
been reported {Nelson and Hedgecock, 1980).
Although a significant difference in allozyme
frequency among Australian populations of P mo-
nodon has been found (Benzie et al., 1892), more:
genetic variation has been detected using mitochon-
drial DNA (mtDNA] restriction fragment length
polymorphism (RFLP) analysis (Benzie et al., 1993}
and mtDNA sequence analysis (Palumbi and Ben-
zie, 1991). These studies suggested that the DNA
technique would provide a better source of useful
markers in Penaeid prawns.

The random amplified polymorphic DNA
{RAPD) analysis, developed by Williams et al.
(1990}, utilizes a single short primer of arbitrary
sequence to amplify random segments of genomic
DNA. The RAPD markers allow the examination of
genome variation without previous knowledge of
DNA sequences. The method has been used success-
fully to detect génetic variation in several plants
and animals (Bevos and Gale, 1992; Brummer et al.,



1995; Gwakisa et al., 1995). It has been used to
examine genetic diversity in P. vannamei (Garcia et
al., 1994), revealing a high level of genetic variation
among populations. In P. monodon, the inheritance
of RAPD banding patterns in six fullsib families
has been demonstrated {Garcia and Benzie, 1995),
indicating the possibility of using RAPD markers to
track the progeny of pair mating in selective breed-
ing programs.

In this study, we used RAPD analysis to detect
polymorphic BNA markers in P monodon and as-
sess the utility of RAPD for investigating genetic
variation of wild P monodon in Thailand.

Results and Discussion

Optimization of the polymerase chain reaction
assay for P monodon

Experiments were carried out to optimize polymer-
ase chain reaction (PCR) program parameters for the
reproducible amplification of discrete DNA pat-
terns. The length of each phase of the PCR program
and the number of cycles were evaluated. Inconsis-
tent amplification was minimized by including
three concentrations of template DNA (100-fold
span) in the program evaluations. Optimal program
parameters were selected on the basis of consistent
amplification at all DNA concentrations in addition
to increased intensity and clarity of the banding
pattern, as suggested by Bielawski et al. (1995). The
optimal program parameters identified for P mono-
don were 35 cycles of 5 seconds at 94°C, 45 seconds
at 36°C and 1.5 minutes at 72°C. This program is
considerably different from the standard protocol
recommended by Williams et al. (1990} and that
used by Garcia and Benzie (1995) for developing
RAPD markers from the Australian P monodon. We
found that reducing the length of each phase of
the program increased the intensity of amplification
products, as also has been shown by Yu and Pauls
{(1992). This supports the proposal that decreasing
the length of each phase of the PCR program helps
maintain the activity of Taq polymerase. We alsc
observed that increasing the number of PCR amplifi-
cation cycles above 35 cycles did not significantly
increase band intensity but produced smear pat-
terns.

RAPD analysis

Two hundred 10-base primers were screened for
their ability to prime PCR amplification of P. mono-
don genomic DNA. Only 84 RAPD primers (42%)
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yielded amplification products, while the rest of
the primers did not amplify the DNA template or
resulted in smear or faint bands. Six positive prim-
ers that gave reproducible RAPD patterns with re-
solvable fragments that stained intensely were
selected for further analysis. A total of 70 scorable
bands, ranging in size from 200 to 2000 bp, were
produced from RAPD analysis of three geographi-
cally different samples of Thai P monodon. Thirty
of these bands were monomorphic, and 40 bands
were polymorphic (Table 1). Each primer generated
8 to 15 scorable bands. An example of RAPD ampli-
fication patterns and the bands scored by primer
459 is shown in Figure 1. Only reproducible bands
were scored for presence or absence. Primer 428
appears to identify more variable regions of the P
monodon genome, whereas primers 101 and 456
show less variable RAPD patterns.

To assess the usefulness of the RAPD markers in
determining the genetic diversity of P monodon,
we studied genetic variation of three geographically
different samples of P monodon in Thailand. The
most important shrimp fishing grounds in Thailand
are the Gulf of Thailand and the Andaman Sea, and
there are different locations along both coasts where
broodstocks are caught for shrimp farming (Figure
2). In this study, we compared P. monodon of the
Andaman Sea collected from Satun and Trang prov-
inces with that of the Gulf of Thailand collected
from Chon Buri {Angsila district) and Trat prov-
inces. The tiger prawns collected from Satun-Trang
and Trat are those most commonly used as spawners
in P monodon farming and are candidates for use
in selective breeding. However, broodstocks from
Satun-Trang tend to be much larger than those from
Trat and exhibit different color. Moreover, although
this is still controversial, the shrimp farmers claim
that the Andaman Sea broodstocks produce more
eggs and better quality seeds, making the price of
the Andaman Sea broodstocks 5 to 10 times higher
than those of the Gulf of Thailand.

RAPD analysis of 28 individuals in each of the
Satun-Trang and Trat samples and 15 individuals
of the Angsila sample revealed different levels of
polymorphisms. The percentages of polymorphic
bands were 47.8% for Satun-Trang, 45.3% for Trat,
and 24.2% for Angsila {Table 2). The results suggest
that P monodon collected from Angsila are the least
polymorphic among the three samples. The sample
collected from Anggsila was small because this popu-
lation is rather homogeneous. Before farming activi-
ties, no P. monodon was found in this area, and not
until recently was P. monodon present in fisheries
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Table 3. Nucleotide sequences of six selected primers and number of amplified bands shown in the RAPD analysis in

P monodon.

Primer No. Sequence No. of amplified bands Nc. of polymorphic bands
101 GCGCOTGGAG 9 4

174 AACCGEGCAGG 15 e

428 GGCTCCGGTA 8 8

456 GCGGAGGTCC 15 7

457 CGACGCCCTG 15 16

459 GOCGTCCGAGGE 8 4

Total 70 40

N

Figure 1. RAPD patterns using primer 459 of wild-
caught individuals of P monodon collected from the An-
daman Sea. Lane M: 100:bp DNA ladder. Lines indicate
the bands that were scored.

cetches, indicating that these shrimp may be escap-
ees from farms in this area (K. Hassanai, personal
communication). Although Angsila and Tral are a
few hundred kilometers apart, prawns collected
from these two areas are quite different. Broodstocks
form Angsila will not be used for shrimp farming be-
cause oftheirlower fecundity and hatchability when
compared with broodstocks from the Andaman Sea.

The percentages of polymorphic bands were
comparable in Satun-Trang and Trai, suggesting
similar levels of polymorphism of the two samples
to be used for establishing selective breeding pro-
grams. This is in good agreement with mtDNA RFLP
analysis of P monodon collected Irom these two
locations, which showed similar levels of mtDNA
variations (Klinbunga, 1896). The RAPD analysis of
the six fullsib families of 2 monodon showed a
much lower level of polymorphism (6.2%; Garcia
and Benzie, 1995), which may be due the fact that
wild-caught individuals would exhibit a higher
level of genetic variation than that of the families.
Studies of genetic veriation in F vennamei using
the RAPD technigue (Garcia et al., 1994) also indi-

THAILAND {

Figure 2. Map showing locations {shaded) where black
tiger prawn broodstocks are commonly caught for shrimp
farming in Thailand. Arrows indicate the three sample
sites: 1, Satun-Trang: 2, Trat; and 3, Angsila.

cated a higher genetic variability among popula-
tions; percentages of polymorphic bands ranging
from 39% to 77% have been found.

The six RAPD primers used in this study appear
to detect genctic variability among the three sam-



RAPD variation in P. monodon 113

Table 2. Total numbers of bands and percentages of polymorphic bands found in populations of P menodon.

Total no. of bands present out of the

No. of monomorphic/

Sample possible total of 70 bands polymorphic bands Percentage of polymorphic bands
Satun-Trang 67 35/32 47.8
Trat 64 35/29 45.3
Angsila 62 47/15 24.2

ples at different levels. Figure 3 shows the results of
amplification using primer 428. Different patterns
were seen between Satun-Trang and Trat. A 950-bp
band (indicated by the arrow) was present in more
than 70% of individuals from Satun-Trang (lanes
1-7) but absent in all individuals from Trat (lanes
8-14). This band was also absent in the Angsila
sample {data not shown)}, suggesting a population-
specific marker detected by primer 428. RAPD pat-
terns produced by other primers such as primer 174
shows less variation, and different patterns among
different samples were not clearly observed (Fig-
ure 4).

The total proportion of shared bands was used
to calculate the similarity coefficient (F) between
samples (Nei and Li, 1979). As shown in Table 3,
genetic similarity coefficients between samples in-
dicated that Trat is more similar to Angsila than to
Satun-Trang. However, to obtain a more stable data
analysis, a larger number of primers as well as larger
sample sizes are required. Liu et al. (1994} suggested
that the number of primers required is correlated
with the level of genetic variation of the species. Six
to seven primers were sufficient to assess genetic

kb M1 2 34 5
”~

Figure 3. RAPD patterns using primer 428 Lane M: 100-
bp DNA ladder; lanes 1-7, individuals from Satun-Trang;
lanes 8-14, individuals from Trat. Lines indicate polymor-
phic bands; an arrow indicates the specific band that was
found only in the Satun-Trang sample.

Figure 4. RAPD patterns using primer 174. Lane M: 100-
bp DNA ladder; (A) lanes 1-6, individuals from Satun-
Trang; (B) lanes 1-6 individuals from Trat.

variation within and among populations of highly
polymorphic species, but at least 10 to 15 primers
were required for species with a low level of genetic
diversity (Demeke et al., 1992; Huff et al., 1993).
For marine species, a larger number of sample sizes
was required to accurately detect genetic diversity
in pepulations than for terrestrial species. Grewe et
al. {1993) caculated that to be 85% confident of
detecting mtDNA haplotypes that occur in a popula-
tion of lake trout (Salvelinus namaycush) with a
frequency of 5%, 60 fishes would have to be sam-
pled. However, O’Connel et al. (1995) showed that
a sample size of 25 to 30 individuals was adequate
to identify all genotypes present in Atlantic salmon
populations but a larger number of individuals
would be required to differentiate between closely
related populations.

Table 3. Similarity coefficients, F (top diagonal), and
genetic distance, d (bottom diagonal), for the wild popula-
tions of P monodon using RAPD analysis.

Sample Satun-Trang Trat Angsila
Satun-Trang — 0.931 0.930
Trat 0.069 — 0.968
Angsila 0.070 0.032 —
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This work shows the usefulness of RAPD analy-
sis in studying genetic variation in P monodon.
Genetic variability found in the wild populations
will be useful in selecting particular populations
for establishing a selective breeding program. The
RAPD method provides a simple way to detect ge-
netic polymorphisms with a nanogram of DNA,
which allows the animals to be used further in the
selective breeding program. DNA exiracted from the
juveniles as small as PL5 was also more than enough
for genetic analysis using this method. Moreover,
the number of DNA polymarphisms that can be
detected by the RAPD method seems virtually un-
limited because the number of primers can be in-
creased effectively as desired.

Experimental Procedures

Prawn samples and DNA extraction

Samples of black tiger prawn (F monodon) were
obtained from three different locations comprising
Trat and Angsila in the Gulf of Thailand and Satun-
Trang in the Andaman Sea from December 1994 to
June 1896, Specimens were kept frozen in liquid
nitrogen or alternatively stored in ethanol and trans-
ported to the laboratory for further analysis. Geno-
mic DNAs were extracted from pleopods, which
were ground with plastic pestles in microcentrifuge
tubes containing 500 pl of exiraction buffer (100
mM Tris-HCI, pH9.0; 180 mM NaCl; 200 mM su-
crose; 50 mM EDTA; and 1% SDS). Samples were
incubated at 85°C for one hour, Subsequently, pro-
teinase X (500ug/ml) and RNase solution (100wng/
ml) were added to the reaction tubes, and the sam-
ples were further incubated at 37°C for one hour.
Proteins were precipitated from nucleic acids by
adding 5 M potassium acetate to the final concen-
tration of 1 M, chilled on ice for 306 minutes, and
centrifuged at 12,000 rpm for 10 minutes. The su-
pernantants were then extracted once with an equal
volume of phenclichloroform:iscamyl alcohol
{25:24:1) and twice with chloroform:isoamy! alco-
hol (24:1). The samplses were precipitated with abso-
lute ethanol and washed twice with 70% ethanol
and resuspended in TE buffer. DNA concentration
was determined by spectrophotometric method
using DU 650 Spectrophotometer (Beckman Instru-
ment Inc.).

PCER amplifications and product analysis

DNA amplifications were performed in a Perkin
Elmer Cetus DNA Thermal Cycler (model 2400).

Armplification reactions were carried out in 25-u!
reaction volume coniaining 10 mM Tris-HCl, pH
8.3; 50 mM KGL; 2 mM MgCl,; 0.001% gelatin; 100
uM each dATP, dCTP, dCTP, and TTP; 0.2 uM
primer; 25 ng genomic DNA; and 1 unit of Tag DNA
polymerase (Williams et al. 1990). Ten-base oligo-
nucleotides, numbers 101-200 and 401-500 (Bio-
technology Laboratory, University of British
Columbia}, were used in the primer screening step.
Amplification was perfomed for 35 cycles of 5 sec-
onds at 84°C, 45 seconds at 36°C, and 1.5 minutes
at 72°C.

Amplification products were analyzed by elec-
trophoresis in 1.6% agarose gels and detected by
ethidium bromide staining {(Maniatis et al., 1982).

Data analysis

The RAPD patterns of individuals were scored
based on band presence or absence. The index of
similarity (F) between samples was calculated using
the formula {Nei and Li, 1979):

Fo=2n,(a, + n),

whkere n,, is the number of RAPD fragments shared
by the two samples, and n, and n, are the numbers of
RAPD fragments scored in each sample. The genetic
distance (d) was calculated using the formula Hillis
and Moritz, 1890):

d=1~-F
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Abstract

Isolation and characterization of microsatellite sequences from the genome of the black tiger
_ prawn, Peﬁaeus monodon, are described. -‘N.incty—se\'/eh (GT)n and lG(CT)n microsatellites

were isolated from partial genomic libraries composed of 18,000 and_‘ 5,250 clones,

respectiVeiy. The genomé library screénihg indic_atéd that (GT)n microsatellites are more

! abﬁndant than (CT)n ih P. monodon genome. The mic'rosatellités _se.quences were 'classiﬂéd

 into three cafegon'és, perfect, imperfect and compound. The predominant catégories found in

P monoddﬁ ‘microsatellites are imperfect répeats for both _(GT)h and (CT)n.

Very long repeét arrays were found in P. monodon microsatellite clones which resulted in
difficulties in primér.design.' Two rhicroséteﬁite llvoéi, CUPmbIS.amd. CUPmo386, were
| successfully amplified. The number of alleles of each locus was preliminary determined. For
| the CUPmo18 locus, Medelian inheﬁt‘énce was testéd.by anélysisvof genotypic ra.tios in F1
offspring and their parents. The results of this study firstly demonstrate the presence of highly -
: polymorphic microsatdlite markers in P. monodon. “These mafkers will be useful in population
" studies and parental determination in P. monodon. Ho&eVer, the low abundance and
ﬁifﬁculdes in obtaining a'large ﬁumbcr 6f usable microsatellite loci indicated that these markers

. may not be appropriate for use in genome mapping of this species.

- Introduction

- Eukaryotic genomes contain a large number of interspersed tandemly repéated sequences called
microsatellites or simple sequence repeats (Tautz, 1989; Weber and May, 19.89). These refer to
: tahdcm repeats with a motif of leés than 6 base pairs in length. The :repea't number of
micfo"satellite's has been derﬁonstrétcd'to be highly variaBle in béth plants and animals,
" providing van attractive source of genetic pol'yri-}o'rphisms' (Stallings etal., 1991, Roderet al. ,
1995). ' |
Microsatellite sequences have been obtained by searéhing databases such as GenBank
- (Weber,1990) and EMBL databank (Lagercrantz et al., 1993). 'However, this procedure is
limited to a few species, mainly huﬁw and mouse (Beckmann and Weber, 19925. In species

- whose published sequences are not available, microsatellite sequences can be obtained by



screening genomic libraries with synthesized oligonucleotides and sequencing glones which
‘gave positive hybridization (Cornall et al.,. 1991, Johansson et al., 1992). Based on the unique
‘sequences ﬂanking microsatellites; primers are designed to detect the microsatellite IOCi'through
pélymerase chain reaction with genomic DNA. Alleles at microsatellite loci can be size
fractionated on dénaturing polyacrylamide gel eiectrophofesis. 'Allelicv variants of a
“microsatellite locus are codominant and show Medelian inheritance.

Microsatellite markers have great potential use in aquaculture and fisheries biology. A
number of studies have applied microsatellites to genetic tagging and p.opulationv studies
(Brooker et al., 1994; Garcia de Leon et al., 1995; Colbourne et al., 1996; Her'binger et al.,
'1997). The use of microsateﬂité markers to idenﬁfy disease resistance has beeﬁ emphasized in
the Buropean flat oyster, Ostrea edulis (Naciri et al., 1995). In this study, we have screened
:fo'r the pfeéence'of microsatellite répeats in the genome of the black tiger prawn, Penaeus
monodon, characterized and showed that they were polymorpkﬁc.. The results suggest that P.
‘monodon microsatellites will be valuable as genetié markers for use in population studies and

parental determination.

Results and Discussion

Isolation bf Microsatellites iﬁ P. monodon.

-A séquénée is-considered to be a microsatellite when the number of repeats is > 10 for mono,
>6 for .di,_ >4 for tri and >3 for tetra, penta .and hexanucleotide repeats (Stalling et al., 1991,
‘Estroup et al., 1993). In this study, a total of 156 microsatellites 'were.isolated from a partial
genomic library of P. monodon. Aithough the genomic library was‘scréened for (GT)n and
(CT)ﬁ microsatellites, several microsatellite motifs including one tetranucle()tide: GAGT, two |
.- trinucleotide repcatsi (ATT)n and (AAC)n, 27 dinucleotide repeats of (AT)n, and a few

mononucleotides (A)n and (G)n, were coincidentally found.

Distribution of (GT)n and (CT)n microsatellites
The partial genomic Iibrariés were screened separately with 32p_-jabelled (GT)15 and (CT)15
synthetic probes. A larger pr_oportion of the colonies screened gave positive hybridization with

the (GT)15 probe'indicating that (GT)n were more abundant than (CT)n repeats in the P.



rﬁanodon genome. Ninety-seven (GT)n and 16 {(CT)n microsatellites were isolated from

18,000 and .5;250 colonies screened, respecﬁveiy. Assuming that all clones carried different

inserts, and that the average insert size was 500. base pairs (bp), the total number of bp

analyzed are estimated to be 9.0 x 106 bp for (GT)n and 2.6 x 106 bp for (CT)n. Considering

that our parﬁai library were representative of the whole P. monodon genome and assuming that

- the (GT)n and (CT)n sequences are evenly distributed throughout the genome, the average

distance between neighboring microsatellites can be estimated by dividing the totaiv length of
screened DNA by the number of isolated microsatellites. Thus, .in the clone fraction of the
black tiger prawn genome, (GT)n hﬁcrosatéllitcs occur on average every 92.8 kb and (CT)n
microsatellites every 164 kb; These vélues are based on several assumptions and, hence, must

be treated with caution. On the basis of th’is_cstirhate', it appears that the black tiger prawn

- microsatellites are less abundaﬁt than those previously reported in other species such as human

(every 28 kb for (GT)n, Beckmann and Weber, 1992), rat, rartus sp. (evéry 21 kb for (GT)n, .
Stallings et al., 1991), honey bee, Apis mellifera (every 34 and 15 kb for (GT)n and (CT)n,

fcspectively, Estroup et al.,, 1993) and Atlantic salmon, Saimo sarla (1 1-56 kb for (GT)n,

McConnell et al., 1995). "

Characterization of (GT)n and (CT)n microsatellites
‘Microsatellites of P. monodoﬁ described in this study were classified into three categories,
' berfcct', imperfect and compound, as defined by Weber (1990). Perfect microsatellites are
uninterrupted series of a repeat unit while imperfect microsatellite sequences differ from perfect
- ones by the presence of one to three bases that arrest an alternating tandem repeat. Compound
fepea;s consist of several different repeat types and are separated by less than three bases. The
* predominant categories found in P. monodon microsatcl.lites' were imperfed repeats for both
(GT)vn and (CT)n microsatellites but highér_pércentages of imperfed (CT)n was found (Table_
1). - When compared with other species, the proportions of the different classes of
miérosétellites differ between species. Perfec.t repeats'w.ere the most .abvundant class found in

other species, particularly in mammals. Surprisingly, the perfect repeats were found at very



| 'k_)w per‘ortions in P.monodon, 24% and 12.5% for (GT)n ahd (CT)n microsatellites,
' r{éspectively as compared to 64% for (GT)n in human
" The longest perfect stretch of each of the (GT)n and (CT)n microsatellite arrays were
plotted according to the number of uninterrupted repéat units (Fig. 1). The most common size
class found in P.rionodon microsatellites was 30-35 dinucleotide repeats for (GT)n. This is
apprdxi_mately twice the size of those reportéd in mammalian genome and about 4-5 times larger
than thosé reported in Honey bees énd Atlantic cod (Estfoup et al, 1993'; Brooker etal, 1994).
The most common repéat unit of (CT)n microsatellites in P. 'monoa’or:z is 12-17 Which is
shorter than those of (GT)n repeats. Howevef, it should be noted that the repeat lengths of the
(CT)n microsatellites were actually extremely long but because there were many interrupted
bases along (CT)n repeat arrays.and only the lar'gevst perfect stretch of each repeats were
counted. The maximum array size found in P. }nonodon microsatellites was 371 bp and the
repeated arrays of greater than 200 bp were commom. Therefore, both (GT)n and (CT)n
microsatellites found in P. monodon -ére significantly lafger and more degenerate than those
reported in other species. |
(GT)n repeats were frequently associated with (AT) fepeats in the compound microsatellites
~ (37%, data not shown).- (AT) rcpéats wefe also fodnd n pdsitive clones of perfect and
imperfect categories suggested that this type of dinUc_leotide repeats may contribute at high

density in the shrimp genome.

Microsatellite polymorphisms

Usable microsatellites were very difficult to obtain in P. monodon due to the very large and
comple).('fépeat .arrays found in .this speéies. Many clones coﬁtainéd only one side of the
unique ﬂankihg séqucnces which made tberﬁ ndt available for primer design. Insufficient
flanking sequences obtained from many positive clones might'be due to the strategy of
digesting the same aliquot of. genomic DNA with multiple restriction enzyfnés. Thi-s possibility
will be addressed in the future work by first checking what enzyme(s) generated fhe clones
which had little flanking sequence and when these have been identified, by using only the other
enzymes to generate the fragments for future libraries. In some cases, even if siifficient.

flanking sequence was found in a microsatellite containing clones (which often was not the
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ca:se), the possible size of the PCRi avmplification products generated from the microsatellite
would be larger than could be accurately separated and sized by the gel systems used.

.' In the present stﬁdy, 9 primer sets Were designéd and PCR conditions weré optimized.
Only 2 primer sets yielded scorable amplification products. Most primer sets yielded multiple
DNA bands which may be due to the fact that ..the.se microsatellite loci are embedded in some

kinds of cryptic répeats which are dispersed throughout the genome (O'Reilly and Wright,
1995). The stﬁdies of repeated sequences in the genome of the marine shrimp, Penaeus
vannamei have revealed a tandemly repeated penté.nucleotidc nljcrésafellite émbedded within a
larger reﬁ)eated satellite sequence (Bagshaw and Buckholt, 1997). Thev2v usable microsatellite

loci, CUPmo18 and CUPmo386, are both perfect (GT)n with 60 and 30 repeats units,
respeétiVely(Tablé 2).

To test the variability of P. monodon microsatellites, the 2 primer sets were used to
ampli'fy the loci from wild P. _moﬁodon.v (Figs. 2 and 3). For locus CUPmo18, we observed
28 alleles with the heterozygosity value of 0.66 . The locus CUPmo386 was also found to be
-polymorphic, showihg 14 allzeles with observed heterozygosity of 0.19. The expected
heterozygosities estimated from allele frequencies for the CUPmo18 and CUPmo386 loci were
10.95 and 0.83, repectively (Table 3). .The heterozygote deficits seen at both loci might be due
to .sar'npli,ng errors. All shrimps used in this study were wild-caught broodstocks coﬂected.
from trawlers at Satun province in The Andaman Sea and they might be widely caught from the
_'ééa around this area. Since the population structure of P. monodon in this area has not yet |
‘been extensively studied, the samples used in the variability test might c‘onsi%ﬁ of more than
.voné populatjon causing. the deﬁciencies of heterozygotes (Crow, 1986). The extreme
he'teroz'ygote deficit found at locus CUPmo386 may also cause by the presence of null alleles.
Information on the segregation and Uansﬁﬂssion of alleles within a large number of families of
VP. monodon is required for identification of null alleles at this locus. From.allozyme analysis,
homozygote excess has repeatedly been 6bserved in marine mollusc which has been explained
-as a form of balancing selection, where the relative fitness of homoiygotes and heterozygotes is
‘different during different phases of the life cycle (Singh and Green, 1984, Smith, 1990).

Moreover, the Australian Jack mackerel, Trachurus declivis, showed homozygote excess at



seven out of éight allozyme loci without any relations to geographically separated stocks
(Richardson, 1982). Nonetheless, the results suggested that the microsatellite loci in P.
monodon were highly polymorphic. Weber (1990) noted that the degree of microsatellite
' -pblymorphisrri in humans is positively correlated with the size of the microsatellite arrays.
Therefore, the large microsatellite arrays found in P. monodon may : indicate that

microsatellites, when usable, could provide highly variable genetié markers for this species.

Allelic Inheritance

Mendéliaxﬁ inheritance of the microsatellite locus, CUPmo18, was tested in F1 progeny. The
.gen.otyp‘es of 10 randomly selected fry and a pareﬁtaj female were examined. The parental
female's genotype at locus CUPmMo18 was 158/120. All fry inherited either the 158 or 120
faHeies from the mother (Fig. 4). From the allelic ségregation of the progeny, the inferred
genotype of the parental male w'as. 144/136. This indicates the feasibility of identifying
progeny group by this microsatellite locus.

The results of this s’tﬁdy demonstrate the presence of highly polymorphic microsatellite
‘markers in the black tiger prawn, P. monodon. _'These and other microsatellite loci will bé
fuseful in breeding prograthe, population genetic studies and parental determination in P.
.monodon. Héwever, a father low abundance and difficulties in obtaining usable dinucleotide
‘microsatellite markers indicated that the approach as outlined here may not be appropriate for
-generating sufficient markers for use in genorhe mapp.ing or even for applications in
" aguaculture or fisheries biology reqﬁiring fewer markers. Enrichment procedures, now
.I available, for the larger rﬁicrosatlellites (tri and tetra nucleotide érrays) appéar to be the direction
that work should focts, to generate necessary nuclear markérs for this or any other species |

which présent the type of problems encountered.

Experimental Procedures

Samples and DNA extraction
~ Samples of black tiger prawn (P. monodon ) were wild-caught broodstocks collected from
- Satun province (South of Thailand) in the Andaman Sea. Specimens were kept frozen in liquid

_ nitrogén and transported to the -laboratofy for further analysis. Genomic DNA was extracted
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from pleopods of individual shrimps as described by Tassanakajon et al, 1997. DNA

concentration was determined by spectrophotometric method using DU 650 Spectrophotometer

_(Beékm.an Instrument Inc.).

vLibrary construction ,
Fifty micrograms of genomic DNA was digested with 25 units each of .Ala I, Hae 111, Hinc 11
~and Rsal in 250 pl reaction, according to the manufécturer 's instructions. After digestion, -
DNA fragments were lsize fractionated on 1.5% low melting agarose (865 Kem, FMC).
‘Genomic DNA fragments of 300 to 700 bp were excised and recovered by using a phenol
' 'freeie fracture procedure (Qian and Wilkinson, _19’91). Fifty nanograms of size—select.ed DNA
' fragments were ligated with 40 ng of Sma I-digested and phosphatased pUCI8 DNA
) | (Phé.rmacia) and ligation products were transformed into MAX Efficie'nc'y DH 5o competent
N cells (Gibco BRL). Transformed cells were grown on LB_égar plates containing 50 pg/mli

- ampicillin according to standard protocol (Sambrook et al., 1989.)

Library screening

_' FolloWing transformation, bacterial colonies were transferred to Whatman paper #42 (Ashless),
denatured in 0.5 N NaOH, 1.5 M NaCl for 7 min, ﬁeutralized in 1 M Tris-HCL, pH 7.6, 1.5 M
NaCl for 3 min twice and washed with 2 X SSC, 0.2% (w/v) SDS for 30s. DNA was
imniobilized onto the filters by baking at 80°C fbr 2 h | Libraries were screened separately for
" (GT)n and (CT)n microsatellite repeats using synthetic (GT)1 5.and (CT)]5 oligonucleotides.
The oligonucleotides were 5'end-labeled With'[y-32P] ATP and_T4 polyndcleotide kinase
(Pt}armacia). The filters were hybridized to the labelled -oligonucleotide probe at 60°0C

overnight using the reaction conditions of Westneat ct al. (1988). The filters were washed

- twice with 2xSSC, 0.2% SDS at 60°C for 30 min. each and once with 0.2xSSC, 0.2% SDS at

600C. Microsatellite clones were identified by .autoradiography and positive clones were

picked from plates and grown in LB medium.

DNA sequencing and primer design
- Plasmid DNA was purified by a modification of the boiling lysis procedure of Holmes and

Quigley and sequenced using a T7 Sequencing kit (Pharfna'cia) according to the manufacturers
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recommendations. PCR primers were designed from the sequences flanking the microsatetlite

© repeat arréys using.Gene' Runner V.3 (Hastings Software Inc.).

PCR Analysis
For PCR analyse of locus CUPmo18, the reverse primer was 5S'end-labeled Wih [y—32P]ATP
: _:using T4 polynucleotide kinase (Pharmaci.a). Arﬁpliﬁcétion was performed inalo Ll reaction
volume containing 15 ng of DNA template, 0.6 UM labeled reverse primer, 0.6 UM forward -
primer, 10 mM Tris-HCI, pHS.B, lmM MgClp, 50 mM KCIJ, 0.01% gelatin, 0. 1 % Tween-20,
© 200 M dNTPs and 0.25 unit of Taq Polymerase (Perkin Eliner). PCR was carried out for 7
.cycles consiéting of 1 min at 94°C, 30s at 55°C and 1 min at 72°C, followed by 38 cycles of
30s at 90°C, 30s at 55°C and 1 min at 720C. |

| For iocﬁs CUPmo386, the..fc')rward primer Waé labelléd and PCR conditions were the same -
* as those of locus CUPmo18 with the exception that annealing te'mpérature was 43°C and
Tween-20 was omitted. After.PCR'amplification, .an equal volumé of formamide loading
'_:bﬁffer was added and the produci was denatured for 15 min at 950C before being subjected to
electrophoresis on 6% denéturing acrylamide gel. A standard M13 sequencing reaction was
used as DNA size marker. Gel was fixed, dried and exposed to an au’to’fadiographic film at
-80°C for 16 h. |

Data aﬁalysf.f
‘The informativeness of the microsatellite loci were determined as follows. The number of
alleles at each locus, the prbponion of iﬁdividual Samples tﬁat are heterozygous (direct-count
“heterozygosity, Hobs) and the unbiésed estimate of heterozygosity (Hexp Nei, 1978), were
“assessed for each locus using a modified version of BIOSYS-1 program (Swofford and
| Selander. 1981). Hardy-Weinberg expectation test for each locﬁs. was a Markov chain
" "approximation 1o exact test” folldwing Guo énd Thompson (1992) and carried out using the

GENEPOP program (Raymond and Rousset,1995).
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‘Table 1. Microsatellite sequences isolated from various species and categorized according to

2 Estroup et al, 1993.

v3 Beckmann and Weber, 1993.

_ 4 Wintero et al., 1992.
"9 Brooker et al., 1994.

- Weber (1990).
‘Tiger shrimp! Honey beez_ : ._ Human® Porcine? Aantic
| | éod5'
motif GT  CT GT CT Gr  GT GT
a9 6 3 s 114 105 64
% perfect 24 125 48 a6 64 71 49
- % imperfect 53 75 2 31 25 19 45
" %compound 23 125 . 30 23 [l 10 6.3
' Mostcommon 30-35 1217 7-9  10-12 . 1215 1618  6-11
éize class | . |
| Lamgestsize . 66 48-53 >80 2224 2730 2830 560
class | |
-1 The present study
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“Table 2. Microsatellite sequences, PCR primers and optimized annealing temperatures for P.

monodon microsatellites loci

Locus Repeat units ~ Primer sequences ‘Annealing
Temp. (°C)
CUPmol8 = (GDeo  f*:5 TGTCATTCTTCTATTACGTGTC 55

r: 5 GACTGACATCAACCATATACC
. CUPmo386  (GT)30  f:5 CGGTATCGGGTTAAAGAGT . 43
r: 5 TACAATGTTCATAATTCCTG

* f = forward, r = reverse




2

'E‘able 3. Allele size and heterozygosity at P. monodon microsatellites loci detected by PCR

- amplification.
Locus sample  observed = size-range Holv)syk H_CXP** H-W
size alleles - (bp) (P -value)
CUPmo8 62 28 106-162  0.66 0.95 < 0.000l
CUPmo386 48 14 | 132-170 0.19

083 < 0.0001

*observed heterozygosity
- **expected heterozygosity

***probability of agreement to Hardy-Weinberg equilibrium



.Figlire 1.

Figure 2.

13

Length distribution of (GT)n and (CT)n microsatellites in P. monodon. The three _
categories of microsatellites (perfect, imperfect and compound repeats) were

pooled. Number of repeats were counted from the longest uninterrupted repeats.

Ampliﬁcation pattern of microsatellite CUPmo18. Lanes 1-20 : 20 unrelated

 individual P. monodon. The size standard is a sequencing ladder of M13 mpl8.

Figure 3

Figure 4.

Amplification pattern of microsatellite CUPmo0386. Lanes 1-14 : 14 unrelated

individual P. monodon. The size standard is a seqﬁencing ladder of M13 mp!8.

Microsatellite alleles of a parental female (P) and 10 randomly selected offspring.
The. genotypes at locus CUPmo18 are as follows : (P) 120/ 15.8;' postlérvae ( 1.) |
120/144; (2) 158/136; (3) 120/136; (4) 120/136 ; (5) 158/136; (6) 158/144; (7)

120/144; (8) 120/136; (9) 120/144; (10) 158/136; inferred parental male genotype:

136/144. Size of alleles were estimated using an M13mp18 s.equence ladder (not

shown).
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Abstract. Randomly amplified polymorphic DNA analysis (RAPD) was used to examine
genetic variation of wild black tiger shrimp, Penaeus monbdoﬁ. Specimens were collected
from 5 geographically separated locations. of P. monodon consisting bf Satun-Trang,
Phangnga, and Medan in the Andaman Séa and Chumphon and Trad in the Gulf of Thailand.
‘A total of 100 P. monodon individuals were investigated using 7 arbitrarily selected
primers. Fifty—eight (72.5%) out of 7 reproducible RAPD amplified fragments ranging in size
frpm 200-2200 bp were polymorphic. The percentages of polymorphic bands of 5 geographic
pqpulations iﬁvestigated varied from 51.5-57.7%. The genetic distance between populations
and UPGMA dendrograms indicated that the Medan population was genetically different from
Thai P. monodon (Dy = 14.976%). Within Théiland, the Satun-Trang P. mornodon was
separated from the remaining geographic populéltions with a genetic distance of 2.632%.
RAPD analysis in the present study yielded a total of 252 genotypés. A Monte Carlo -
analysis illustrated geographic heterogeneity in genotypé frequencies within this species
suggesting that genetic population structure does e);ist in this taxon (P < 0.001 for all primers).
Significant differences in genotype frequencies between Thai and Indonesian (Medan)
P.monodon were observed (P<0.0001). Within Thailand, the Andaman Sea P. monodon was
éigniﬁcantly different from that of the Guif of Thailand (P-values bétween. 0.0000 and 0.0387)
indi.cating population differentiation between P. monodon from these £wo main fishery regioné

of Thailand.



Infroduction

The black tiger shrimp, Penaeus monodon Fabricius, is one of the most economically
important cultured .Penaeus species. It accounts for 46 % of total world production for
cu.itur.ed marine shrimps (Hanpongkittikun et al. 1995). The main farming areas of P.
monodon are mostly located in various tropical countries, particularly in the South East Asian
reéion. In Thailand, the farming of P. monodon has expanded tremeﬁdously during the last
decade and is still consistently increasing at present. As a result, Thailand has become the
“world’s leading producer of P. monodon since 1991 with an average production of at least
260,000 metﬁc tons per year (Lin and Nash 1996). However, the répid expansion. of the P. |
mon(;don farming activity has created several subsequent pfoblems mainly originating from
péor.management resulting in an occurrence of environmental pollution and a spread of
several epizootic diseases - (Flegel et al. 1992). To maintain the national P. monodon
production leading to its sustainable farming industry, proper management programs based on
various scientific disciplines are required. Accordingly, a basic knowledge on genetic
variation and population differentiation of P. monodon is essentially important for such a -
purpose.
Although a .signiﬁcant difference in allozyme frequency among Australian populations of
P. monodon has been_reported (Benzie et al. 1992), identification of genetic diversity in
several Penaeid shrimp inclgding P. monodon'through alleyme analysis indicated a relatively
low level of genetic polymorphjsms and limited polymorphic allozyme markers (Lester 1978;
Hedgecock et al. 1982). More genetic variation in Penaeus épecies has .been detected using

restriction fragment length poiymorphiém (RFLP) analysis of entire mitochondrial DNA
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(mtDNA) (Benzie et al. 1993) and sequencing of amplified mtDNA fragments (Palumbi and
.Bénzie 1991). Nevertheless, these apprééches are tedious and time consuming. |
~ Alternatively, randomly amplified polymorphic DNA analysis'(R_APD) is a simple and
répid method to generate genetic markers withdut prior'kﬁowlédge of the genorﬁe’ Whjch is
squected to be analyzed (W.illiam et al. 1990). Iﬁ this approach, a single random primer
(usually 10-mers with GC éon%ent more than 50%) was utilized to randomly amplified
segments of genomic DNA on thev basis that the RAPD primer scans the genome for the small |
inverted sequences reﬁuiting in amplification of DNA segments of variable Iéngths.. It hés
been subcessfully employed to determine geﬂetic diversity in P. vaﬁnamei (Garcia et ai. 1994)
and P. monodon (Tassanakajon et al. 1997),.suggesting the potential 'applicéﬁon of using this
method for population .genetic. studies in §thef Penaeid specieé. |
In the present study, genetic diversity in wild P. monodon was further investigated in 5
geograplﬁcélly separated populations of wild P. monodon from two main fishery regions: the
Anciaman Sea on thé west and ;che Gulf of Thailand on the:' east coasts. The RAPD approaches
_Were used .t'o determine whether 'pdpulation differéntiation- actually occurs in Thai P.

monodon.



Materials and methods
Sampling

One hundred P. monedon individuals were wild-caught alive from different sample sites
during March 1995 to August 1996. These were from Satun—Trang {n = 17) and Phangnga (n
=20) of Thailand and Medan (n = 15) of Indonesia, wﬁich ali are located in the Andaman Sea,
and from Chumphon (n = 20) and Trad (n = 28) of the Gulf of Thailand (Fig. 1). Pleopods
were dissected out and kept frozen in liquia nitrogen or alternatively in absolute ethanol

during transportation. Specimens were stored individually at -80°C until required.

DNA extraction

Total DNA of P. monodon was extracted from abdominal pleopods using the proteinase-
- K/phenol-chloroform isolation method described in Tassanakajon et al. (1997). DNA
concentration was determined spectrophotometrically using a DU 650 Spectrophotometer

(Beckman Instruments Inc.).

PCR amplifications and analysis of the resulting products

DNA ax.npliﬁcation was performed in a Perkin-Elmer Cetus DNA Thermal Cycler (model
2400). .PCR_ amplification reactions were carried out in a 25 pl reaction volume containing 10
mM Tris-HC, pH 8..3, 50 mM KCl, 2 mM MgCl,, 0.001% gelatin, 100 pM each of dATP,
dCTP, dGTP and dTTP, 0.2 uM RAPD primer, 50 ng genomic DNA and 1 unit of Tag DNA

polymerase (Wilham et al. 1990). ‘Ten-base oligonucleotide primers were obtained from the
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Biétechnology Labo;atory, University of British Columbia. The PCR reaction was carried out
for 35 cyclés 'éonsisting of 5 s at 94°C, 45 s at 36°C and 90 s at 72°C. The amplification
products were then electrophoretically analyzed in 1.6% agarose gels and visualized Ey

ethidium bromide staining (Maniatis et al. 1982).

Data analysis

All reproducible and resolvable bands ranging from 2.00—2200 bp were scored from the gel.
The-presencé (1) or absence (0) éf an_ambliﬁed fragment was treated in a dominant fashion
without further consideration of the quantitative aspect of the results (i.e., band intensity
differences between homo- and heterozygotes).

The index of similarity between individuals was calculated using the formula
Sx'y=2nxy/nx-f~ny, where n, and n, represent the number of ﬁagmeﬁts scored for individual x and
y, respectively, and n,, is the number of fragments fsharedb by both individuals. Within
population similarity (S) is calculated as the average of S,, across all pairwise comparisons
bét\yeen individuals within a population. Eetween populatibn similarity with a correction for
within population similarity is S; = 1+8';-0.5 (S;+S;), where S; and S, represent the S éstimates
for population i and j, respectively, and S'; is the average similarity between random pairs Qf
individuals across popuilations i and j (Lynch 1990). |

| S; was then converted to a measure of genetic distance (D) using the equation D; =
-In[S’; /\I(SiSj)], (Lynch 1991). A phenogram based on this estimate was constructed using the
unweight pair-group method with arithmetic average (UPGMA) of Phylip version 3.57¢

(Felsenstein, 1991)



7

A RAPD pattern is _reférred to as a genotype. A geogréphic heterogeneity test of
signiﬁ(:ance in génotypé frequencies between populations or regions was carried out using a
Monte Carlo simulation tRoff and Bentzen, 1989) implemented in REAP (McEIroy et al.
| 1991). Resulté are expressed as the pfobabiiity of homogeneity between compéred pbpulations '

or regions.

Results
RAPD dnalysis

Seven arbitrarily selected primers 101, 174, 268, 428, 456, 457 and 459, originated from the _
Uhiversity 6f Bfitish Columbia Biotechnology Laboratory, were used in RAPD analysis of
100 P. monodén individuals collected from 5 g.eogravphically separated locales. A tétal of 80
scorable bands ranging from 200-2200 bp in sizé were unambiguously scored (Table 1).
Twenty-two of these bands '(27..5%) were monomorphic (present in at least 95% of all
investigated individuals) and 58 bands (72.5%) were polymorphic'(pres'envt in less than 95%).
Each primer generated between 9-15 scorable bands. The complexity of the _banding patterns
varied dramatically between primers. It. should be noted that primer 4.56 gziVe the mghest
nurhber of ampliﬁéd-bands (15 bands) but yielded the least polymdrphic vllevel (60.0%). On the
of;her he;nd, primérs 268 and 428 yielded the highest lével of polymorphism which was 88.9
%. The investigated P. monodoh individuals from Satun-Trang (n = 17), Phangnga (n = 20),
C_hurhphon (n = 20), Trad (n = 28) and Medan (n = 15) produced 71, 66, 64, 69 and 73
s_;:oréble bands resulting . in 57.7, 51.5, 54.7, 52.2 and 53.4% of polymorphic bands,

respectively (Table 2).



.8
RAPD patterns of Thai P. monodon (Satun-Trang, Phangnga, Chumphon and Trad) are
cléarly different from those of P. monodon from Medan. An illustration of RAPD patterns for

the 5 geographic populations and the bands scored are shown in Fig 2.

~ Similarity index within and between populations

The averége genetic identity within. populatic‘)ns (S) across all the primers ranged from 0.8626
to 0.8878 (Table 2). The highést similarity index within pOpulatién was found in P. monodon
from Phangnga (0.8878) whereas slightly Iower sifnilarity indiées were observed in
Chumphon, Trad, Satuh~Trang and Medan at 0.8785, 0.8646, 0.8655 and 0;8626', respectively.
The average genetic similarity between populations (Sij) across all the primers was from
0.7548 to 1.0026 (Table 3) While the S; émong P. 'moﬁodon originéting from Thailand was
not drastically different, such a value, however, indicated that the Thai and Medan 2.

monodon populations seem to be reproductively isolated.

Genetic distance and dendrogram

Genetic distance (D) was converted from a measure of between-population similarity
corrected by ghe within-population values (Nei 1972; Lynch 1990) and is shown in Table 3.
These values were then subjected to phylogenetic reconstruction. The UPGMA dendrogram
resulted from overall i)rimers, indicatiﬁg three distinctly phylogenetic-separated groups
c_omposed of group 1 (Phangnga, Chumphon, and Trad), group 2 (Satun—Trangj and group 3 -

(Medan) (Fig 3).
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Laige genetic differences were surprisingly observed between Medan and all of the That -
samples (14.976%). Within Thailand, the Satun-Trang P. monodon was separated from the

remaining populations with a genetic distance of 2.6%.

Heterogeneity in genotype ﬁequenéy distributions.

In the present stﬁdy, 252 genotypes were observed from a total of 100 individuals using 7
decanucleotide RAPD primers. For overall pbpulations, a Monte Carlo simulatiqn showed
statistically significant differences in RAPD genotype heterogeneity for all single primers,
inﬁjcating that population subdivisions do exist in P. monodon (P<0.0001 for primers 101,
268, 428,457 and 459, and P = 0.0001 for 174 and 456).

- For ‘each -primer, highly significant differences in genotype frequencies were also
observed befween the Thai and Medan P. monodon (P<0.0001). Moreo.ver, heterogeneity in
" genotype frequencies between Thai P. moﬁodon from the Gulf of Thailand and the Andaman
Séa was significantly observed for primers 101, 268, 428, 457 and 459 (P = 0.0201, 0.0001,
<0.0001, 0.0387 and <0.0001, réspectively). Interestingly, primer 428 gave significant results
for geographic heterogéneity among all 4 geographic samples of the Thai P. monodon (P-
valueé betv?een 0.0000 and 0.0403). In contrast, primers 174 and 456 gave no significant
geographic heterogeneity for all pa.irwisé comparisons among all P. monodon populations

from Thailand (P-values between 0.0924 and 0.9530).
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Discussion

A basic knowledge of DNA polymorphisms a.nd.molecular markers of P. monodon is essential
for its breeding programs (Tassanakajon et al. 1997). At present, only allozyme variability has
been extensively used for population genetic .studies in Penaeid species. Nevertheless, genetic
héterogeneity detected by aﬁozyme electrophc;resis. in these taxa, especially {or P. monodon, is
q:uite iow-v (mean heterozygosity was 0.073 for 97 crustacean -speciés and 0.0276 for P.
monondon collected frorﬁ 10 géographic locales in South East Asia), limiting its application to
. be further enﬁployed in selective breeding programs (Hedgecock et al. 1982; Daud 1995;
éodsuk 1996). A few genetic polymorphism studies based on the DNA approach  have also |
béen reported in P. monodon and generally shown a greater‘ level of genetic variability than
that from protein electrophoresis (Bénzie etal 1993; Garcia et al. 1994; Sodsuk 1996).

In the present study, the RAPD technique was used to evaluate the extent of genetic
variability in wild .populations of P. monodon collected frém 5 different geographic locales
c;)vering the main supplying sourc.es of wild P. momnodon broodstock forv'. culture activity -
a:round the Malaysian Peninsula. Seven out of 300 RAPD 10-mers screened yielded high
s;;rength and consistent RAPD patterns with resolvable fragments (Tassanakajon et al. 1997).
Nevertheless, to simplify the expeﬁments, all primers were selected based on our “standard
ampliﬁqation..program” and we did not attempt to further standa'rdize such selected primers.
This allows us, in practice, to empléy the 7 selected primers in our selective breeding
programme of P. monodon -at Chulalongko’rn‘. University easily ‘and conveniently:
Theoreticaliy, it may be argued that the RAPD approach can give a biased datum iﬁ

population studies of P. monodon limiting its further application in “real practice”.
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Nevertheless, determination of the mode of ihheritance (e.g., from our half-sib families) and
vérifyin’g horribiogy among _co-rriigraiing fragments from différent populations of P. m'onodon_
will cértairiiy_resxiit in more valid aiid stable data for b'feeding programs (Dowiing et al. 1996).
The percentages of poi'.ymorphic bands of P. monodon in this Study .varie.(.i from 51.5-
5:7.7%. This polymorphic levei was about as high as those préi/iously. reported in P. vannamei
(39-77%) (Garcia et al. 1 994)._Baséd on this estimate, Saﬁm—Ti’ang iias the highest ie\i'el of
genetic diversity within a popuia”tion.. However, this est.imatev cannot be used z%s a standard
émong iaboi*atories and should be treated with caution. .Thev RAPD apprOach detzéﬁed
abundance boi_ymorphisms in P. monodon revealea by a total of 252 genotypés from 7
differént primers, of which 104 were private genotypes (found in only oné ‘population). Tht.e. '
nlimbers of RAPD genotypes m"Sanin-Trang, Phangrig;a,vChﬁmporn, Trad and Medan wére
65, 58, 63, 85 and 50 genotypes, res;iéctiveiy. |
| | The band sharing approach based.on the presence lor absence of the -am;iiiﬁed DNA
fiégments’ was used fo estirhate similarity indices. The inean estimated similarity within each
population was high, reﬂectirig a high similarity of compared sequencés. The Phangnga' P
moﬁodon showed thé highest level of within population similarity whereas the remaining
pépulations _showed éimiiax’"ievéls. |
Similarity between populations (S;) was estiinated with a correction value. As a result, the
estimated level can be greater than 1 if .sequenée similarity between pOpulzitiOns was higher
- than that .Within populations. The Medanvpopuiation‘showed ari extremely large difference in
béfween 'popiiiation similarity when compared to all of the Thai P. monodon. This indirecﬂy

indicates that P. monodon from Medan should be regarded as a different stock. _
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The UPGMA dendrogram indicated an ancestral relationship shared among Phangnga,
Chumph_on aﬁd Trad whereas Satun-Trang from the Andaman Sea showed a reasonable
genetic distance from the rest. of Thai P. monodon. More importantly, Satun-‘Tratxg 1s located
aeproximately 200 hundred kilometets far from Medan on the same coast,. .but a clear “genetic
br..eak” was observed betWeeh”the former and the iattef. This may be explained by the
limitation of gene flow caused by the surface currents of the Strait of Malacca which serve.s as
art overflow channei during both ndrtheast and southwest monsoons (Dale 1956).

Geographic heterogeneity analysis illustrated. highly signiﬁcaht_differences in genotype
frequencies among all Thai and Medan P. monodon. This was concordant w1th an extremely
high - F”estimate (0.4810 for overall populations and 0.2104 for Thai P. monodon). Moreover,
it was clear that all but prirhers 174 and 456 was able to statisticaﬂy significant distinguish P. |
monodon popuiations from the Andaman Sea end :.the Gulf of Thailand. These results
suggested the existence of genetic population differentiation between two regions of Tha1 P
monodon. Surprisingly the Phangnga population located in the Andaman Sea was clustered as
a sister taxon to Chumphen’s from the Gulf of Thailand in the UPGMA dendrogram.
Nonetheless an mablhty fo dlscnmmate thetr genotype heterogenelty was also observed when
using primer 174 (P = 0.1825), 268 (P = 1.0000), 456 (0.4409) and 457 (P = 0.0526). Sodsuk
(1996) studied genetic polymorphisms of P. monodon in South East Asia using mtDNA-
~ RFLP of 4 restrietien enzymes (Bam HI, Eco RV, Pvu Il and Sac 1) with small sample sizes
(N = 9.3 in average). His data indicated geographic homogeneity among the east and west
eoast populations (e.g., between Medan and Trad and between Surat of the east and. Phuket of
the West Malaysian Peninsula). However, significant geographic heterogeneity among these

was observed with larger individuals of the same sample set (N = 20.6) and a higher number
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of ':'res'trictio"n endonucleases (lOII'heXameric and 1 pentameric restricﬁon enzymes) (Klinbunga |
1§96). Accordingly, the uﬁexpected historical and correht relationships among geographically '
different P. monodon from Chumphon and Phangnga needs to be clarified by a larger number
of RAPD prirriers. Morveover; to obtain more reliable results, a larger number of sémple' sizes
'm%ly also be required.

Five out of 7 primers used in the present study showed significant differences between P.
monodoh from the Gulf of T'hailan.d and the Andaman Sea. Oniy primer 428 showed genetic
heterogeneity for all P. monodon pop’uiaﬁons used in this study implying the promising
.abihty to developed popﬁléﬁon’ or region specific marker(s) through the RAPD approach.
vMore'ov'e.r, the results from primer 428 strongly supported an occurrence o1° genetic population
structure between the 4 geograbhically separated vTh:ai “P. monodon which is in accord with
the overview results when microsatellite loci are employed (Tassanakajon, unpublished .dat'a).'
‘The Monte-Carlo simulation analysis indicoted that -primers 174 and 456 did not yielo any
infonhative‘ results which were possibly due to ampliﬁc’:ation.of conserved regions in the P.
-monodon genome by such primers.
ngh levels of polymorphlsms and the existence of population dxfferennatxon of P.
monodon found in the present study showed that RAPD markers are one of the most sultable'
tools | for populanon genetic stud.les and for estabhshmg the breeding program in this

economxcally important species.
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Table 1. Sequences of 7 decanucleotide primers used in this experiment, numbers of

amplified bands and their size ranges (bp) observed from RAPD analysis of P. monodon.

Primer No. - Sequences Size-range No. of amplified No. of polymorphic bands
(bp) bands
10t GCGCCTGGAG 1800-426 i3 10(76.9%)
174. AACGGGCAGG 1500-450 10 7(70.0%)
268 AGGCCGCTTA 1300-400 9 8(88.9%)
428 | GGCTGCGGTA | 1800-200 8 8(88.9%)
456 GCGGAGGTCC 2200-260 15 9(60.0%)
457 CGACGCCCTG 2000-350 13 9(69.2%)
459 GCGTCGAGGG 1550-430 11 7(63.6%)

Total 80 58(72.5%)
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Table 2. Total numbers of bands, percentages of polymorphic bands and similarity estimates

within populations (average for all primers) observed in 5 conspecific populations of P.

monodon.

No. of Percentage _ Similarity index

Total no. of _
Sample site _ monomorphic/ of polymorphic within populations
‘ band observed
polymorphic bands bands (S SD)

“Satun-Trang 71 30/41 577 0.8655 + 0.0437
Phangnga 66 32/34 515 0.8878 £0.0691
Chumphon 64 29/35 54.7 0.8785 +0.0587
Trad 69 - 33/36 522 0.8646 £ 0.0557

Medan 73 34/39 534 0.8626 £ 0.0705
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Table 3. Pairwisé comparisons of genetic distance (above diagonal) and similarity between
populations (below diagonal) across all investigated primers for 5 geographic populations of

P. monodon

Population ~  Satun-Trang  Phangnga | Chumphon Trad Medan
S Trang — 00296 T B—Y T 3813
Pharignga ’ 0.9744 o 0.0029 0.0299 0.2888
Chumphon 09442 1.0026 o 00354 0.2941
Trad o 09478 09742 0.9697 - ._ | 0.3340

Medan ' 07882 - 0.7804 o782 0.7548 ;
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Fig.1. Map showing sampling sites (shaded) for five geographic P. monodon populations used
in this study.
I:?ig; 2. RAPD patterns using .vprimer. 268. Lane M: 100 bp DNA ladder; a, P. monédon
individuals from Medan; b, P. monodon individuals from Satun-Trang; ¢, P. monodon
indiVidﬁals’ frém ‘Phangnga; d, P. monodon individuals from Chumphon; e, P. monodon
individualsvfrom ;frad. Lines indicate bands that were unambiguously scored.
F ig. 3. :UPGMA dendrogram éhbwing the relationships among 5 gedgréphically different

populations of P. monodon, generated according the distance matrix in Table 3.
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