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Abstract: A total of 1479 recombinant clones were obtained from a Sau3A-digested genomic library of Penaeus

(Litopenaeus) vannamei and used for probe hybridization. Of the 251 clones that tested positive to one or more

of the probes and were sequenced, 173 (69%) contained 573 simple sequence repeats, or microsatellites, with 3

or more repeats. The frequency of microsatellites with 3, 5, and 10 or more repeats was 1 in 0.94 kb, 1 in 2.78

kb, and 1 in 5.94 kb, respectively. To increase the number of polymorphic markers for mapping, 136 primer

sets that flanked microsatellites containing single or multiple motifs with 3 or more repeats were designed and

tested. Of the 136 primers, 93 (68.0%) were polymorphic in cultured shrimp, with polymorphism information

content (PIC) values ranging from 0.195 to 0.873, and observed heterozygosities ranging from 10% to 100%.

These markers are being used along with other markers to construct a linkage map for P. vannamei.

Key words: Penaeus (Litopenaeus) vannamei, shrimp, microsatellites.

INTRODUCTION

Marine shrimp of the superfamily Penaeoidea represent
approximately a third of the world’s commercially impor-
tant shrimp species and account for more than 80% of the
wild catch, with Pacific whiteleg shrimp, Penaeus (Litope-
naeus) vannamei (Baldwin et al., 1998), being the leading
species farmed in the Western Hemisphere. Recently, sus-
tainability of penaeid commercial fisheries and shrimp
aquaculture industry has been threatened by overfishing,
habitat destruction, viral diseases, and chemical pollutants
(Naylor et al., 2000). Among the viral diseases, infectious
hypodermal and hematopoietic necrosis virus (IHHNV),
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taura syndrome virus (TSV), and white spot syndrome
virus (WSSV) have caused serious economic losses to the
shrimp industry worldwide (Lightner et al., 1997). When
IHHNV became a serious problem in the United States,
efforts were initiated to domesticate P. vannamei using
specific pathogen-free (SPF) stocks (Lotz et al., 1995; Carr
et al.,, 1997). When TSV emerged as a major problem for
the industry, the same SPF P. vannamei stocks were then
used for selection for TSV resistance. Although a genetic
component for susceptibility of P. vannamei to viral dis-
eases has been suggested (reviewed in Argue and Alcivar-
Warren, 1999), basic information is lacking on the genetic
loci responsible for resistance or tolerance to viruses, im-
mune response, and high growth of shrimp. To understand
these traits and to increase the rate of genetic improvement
in shrimp breeding programs, the loci responsible for these
traits need to be first identified through linkage and
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quantitative trait locus (QTL) mapping (Alcivar-Warren
et al., 2002).

Simple sequence repeats, or microsatellites, are ideal
markers for gene mapping owing to their variability and
abundance in the genome, inheritance in a Mendelian
fashion, and codominant expression (Hearne et al., 1992;
Wright and Bentzen, 1994; Ozaki et al., 2000). A limited
number of microsatellites have been isolated from penaeid
shrimp species, including a small number from P. vanna-
mei (Garcia et al., 1996; Bagshaw and Buckholt, 1997;
Moore et al., 1999; Ball et al., 1998; Tassanakajon et al.,
1998; Xu et al., 1999; Vonau et at., 1999; Brooker et al.,
2000).

Progress in developing microsatellite-based linkage
maps for Penaeus shrimp has been slow owing to difficul-
ties in amplifying a large number of scorable microsatellite
loci (Tassanakajon et al., 1998; Moore et al., 1999; Brooker
et al., 2000). However, Xu et al. (1999) reported 99 mi-
crosatellites in P. monodon by direct sequencing of genomic
library clones, without probe hybridization, obtained by
using several vector DNA—target DNA ratios. A study was
then initiated to isolate usable (polymorphic) microsatel-
lites from a P. vannamei genomic library consisting of 10
different vector DNA—target DNA ratios using both direct
sequencing and probe hybridization. Preliminary results
obtained by direct sequencing are being reported elsewhere
(Alcivar-Warren et al., 2002; Z. Xu et al., unpublished re-
sults), and the results obtained by probe hybridization are
presented here.

MATERIALS AND METHODS

Construction and Screening of Genomic Library

DNA was isolated from ovary of an adult P. vannamei
(Garcia et al., 1994). The size-fractionated library was
constructed following procedures performed in the labo-
ratory of Dr. Scott Davis, Texas A&M University, College
Station (Garcia and Alcivar-Warren, 1996) with minor
modifications (Xu et al., 1999). Ninety micrograms of
shrimp DNA was partially digested with 60 U of Sau3Al
restriction enzyme (Gibco BRL), and 4.5 pg of vector DNA
(pBluescript II SK+, Strategene) was digested with 20 U of
BamHI (Gibco). Digested shrimp DNA was electrophore-
sed on a 0.8% agarose gel in 1 X TAE (0.8 mM Tris, 0.4 mM
glacial acetic acid, and 0.04 mM EDTA), and bands ranging
from approximately 150 to 800 bp were eluted using

Spin-X columns (Costar). DNA was precipitated using 3 M
sodium acetate (pH 5.2) and 100% ethanol. The 5" phos-
phate groups of shrimp DNA were removed by incubation
with calf intestinal alkaline phosphatase (Promega) and 10
mM Tris-HCI at 37°C for 45 minutes. Proteins (in 100 pl
mix) were degraded with 2.5 pl of 20% sodium dodecyl
sulfate (SDS), 1 ul 0.5 mM EDTA, and 1 pl 10 mg/ml
Proteinase K, incubated at 55°C for 30 minutes, and re-
moved with an equal volume of phenol-chloroform. DNA
was precipitated by 0.1 volume of 2 M NaCl and 2.5 vol-
umes of 100% ETOH, washed with 70% ETOH, and then
dissolved in molecular biology grade H,O. DNA was ligated
at 10 different ratios of shrimp DNA to vector DNA (Table
1) using T, DNA ligase (Gibco) at 15°C for 18 hours, and
transformed into DH50 competent cells (Gibco), using 2 ul
of the target-to-vector ligation mix. Transformed cells from
each treatment were grown on 3 plates containing LB/
ampicillin/IPTG/Bluo-Gal at 37°C overnight. Positive re-
combinant clones were picked up and streaked onto new
numbered LB/ampicillin/IPTG/Bluo-Gal plates for a sec-
ond screening. After overnight growth at 37°C to make sure
they were positive, one half of each positive colony was
picked up and grown in 3 ml of LB with ampicillin (70 mg/
pl) to prepare frozen permanents and isolate DNA using an
alkali lysis procedure (Garcia et al.,, 1996; Ausubel et al.,
2002). Plasmid DNA was stored at —80°C until DNA se-
quencing using an ABI™ 377 DNA sequencer and M13
reverse primer.

For probe hybridization, the remaining half of each
white colony from plates of the second screen were streaked
onto 30 plates containing numbered nylon membranes,
and left overnight at 37°C. Membranes were placed first in
10% SDS for 3 minutes, followed by denaturing solution
(1.5 M NaCl) for 5 minutes, neutralization solution (1.5 M
NaCl, 1.5 M Tris, pH 7.5) for 5 minutes, soaked in 2x SSC
(0.3 M NaCl, 0.03 M Na citrate, pH 7.2) for 5 minutes, and
air dried for 10 minutes before baking them overnight at
65°C in a vacuum oven. Prehybridization washing was
performed by first soaking the membranes in 2x SSC for 5
minutes and then placing them in 500 ml prehybridization
washing solution (5% SSC, 0.5% SDS, 1 mM EDTA) at
50°C for 1 hour. Membranes were then placed into a
Kapak/Scothpack bag with 40 ml hybridization solution
(5% SSC, 0.5% SDS, 250 mM potassium phosphate buffer
[0.5 M KH,PO,, 0.5 M K,HPO,, pH 6.5], 5X Denharduts)
and incubated at 65°C for 1 hour. Four microliters of la-
beled probe was added to each bag for overnight hybrid-
ization at 37°C. Probes were labeled sequentially [(GT);s,



Polymorphic Microsatellites in P. vannamei Shrimp 313

"pa1sa) saqoad 2y Jo d1owr 10 duo ur pajeadar dre aanIsod Pajsa) Jey) SAUO Y JO AWOG,

"2qo1d auo uey) arour 0] aAnIsod UdIQ dARY ABW JUO[D JUO ISNELIIQ ‘SUWN|0d § snoladid ay) Jo uonippe ay) Jussaidal J0u s20p UWN]OD SIYT,,

souanbas uo paseq ‘pasn saqoid jo

z 9 6 61 8¢ 1 91 9F s1eada1 ureuod JBY) SAUOP JO "ON
quonezipuqdy aqoxd £q

i 68 €S 8¢ 18 8 €€ 89 aansod sauop jo ‘oN
15T 6L¥%1 SOUOP [eJ0],
911 ¥C 6€ i3 91 57 S ¢l 43 605 (01:1) 01
g¢ i2 il S id 8 0 6 01 681 (81) 6
(57 9 81 S 6 91 4 14 9 She (9:1) 8
8¢ 8 4! S 9 S 0 i4 01 161 F1) L
8T I i4 ¢ I id 0 4 6 eel (T1) 9
6 I 4 0 I id I I I 08 (1'1) ¢
I 0 0 0 I 0 0 0 0 L (8°0:1) ¥
I 0 0 I 0 I 0 0 0 S (9°0:1) €
0 0 0 0 0 0 0 0 0 41 F0:1) ¢
0 0 0 0 0 0 0 0 0 8 (TOT) 1
Soqoxd spnospnu - S(vrol) S(LLLD)  °'(OLD)  f1vl)  Y(10)  ff(0D)  SM1v)  <N(1D) sauop (oner 1981e3-101094)

e19) pue -1 1q

0] ®>5Mw0& SIUO[d JO "ON

JueuIquIodalr Jo "ON

"ON JUSUI}edI],

$9qOIJ 9PIIOAPNULIR], PUB DPNOIPNUILL, OPHOSPNUI YIIM UOHZIPLIGAH 0} JAIISOJ SUOL) awvuuva (snavuadojyT) snavuad jo pquinu [ejo], *I d[qeL




314 Dawn Meehan et al.

OLOVOLOOLVOLVIOLLLYVODLO ¥

§€009¢dV N 881 109319 ¢ COHLY) O Y) E(LY) OVVODLVLVOOVVLVOOVVOVIOOD :d  9F 9ATYXINNL

¥€009¢dV 1o9310dur punoduon CTELY)FOV)LY(OV)LYE(OV)LYE(OV) 8¢ OATXINN.L
VDOOVOLOVOLODDIOVV.LOVD o

€€009¢dV N 6%C 109310d ¢ pagradulr T 99§10 [ ELY) T EOV) T E(LY) T IEOV)OVEOV) T HOL) VLLLLOVIOODODLLOD9D i LE9ATXINNL
DVOVOLYVIOOIDOOVOLYD i

7€009€1V (574 S d 9¢T 109J13J ¥ “O(L0)4(LD) (D)D) ODLODDLVLYOVOVOVLVO 1€ 9ATXINNL
DYDODVVV.LYOVOLYVOVOD

1€009¢dV c¢ 9 d 01¢ 109J13J ¢ F(1D) " (1D02) ODDOVIDVVIVOOVIOVVID W €T 9ATXINNL
SDDLLLYVODLOOVIOVOVL i

0€009¢dV N 911 109J13J ¢ “rE(00VVL) T A(00VVL) OLOVODLLLYVVOOVVYVOVD i GT"9ATXINNL
(V) VOOVLVLVOOLOLOVOLVLLLLOOD

£7009¢IV 9¢ 9 d Ghz  199)1ad § 9y1adur punodwo) 1 “POV) T EHOV) (VL) (OV)LPVD)DDY (VD) DVVIOVOOVOVOLOVOODOOD 4 99'GATYXINNL
1931ad | OLLLLLODDIOLLYOOLOLL o

92009¢dV oy 9 d 081 auubum ﬁﬁdo&&ou 1 99J13d ¢ CAELY) U S(IV)FOV) (D) (D) T DILODIOVOOIDVOVVOLOIOL ¥ GATXINNL
OO LLODLYVOLOOV.LLOVVLIOV

G7009¢IV 9 9 d 91 ﬁoﬁo@ ¥ Juo,tumm: T 999J19d T (0L ""(0OLV) " "(VI) " "*(1D) "*(10)0"(OL) " "*(OL) OOIOLLIDLOLLIOOIOLLL G GATXIN(L
DLODVVDOOVVVOVOV.LOOD

72009¢dV 78 8 d (14 10919 ¢ ML) ML) ROL) OVHODDODLLOVOLYLLLOD :d 8¢ GATXINN.L
DDOVOLOVV.LOOVVLYOVOVY A

€2009¢dV 9% S d 701 1991194 € TELY) T M(IY) U S(LLLD) OOVOLLLLVVOLLYVIOOLO . GE'GATXINNL
DOVOLODYOVOLOOVVVOOL A

72009¢dV ov 8 d S/1 109J19d ¢ ©SOL) T HLO) T EOL) (D) o) DDINDDIOLVVVIDDOVOVD LTUSATXINNL
109)10d 1 909519d punodurod | o) DOVOVODOVLV.LOLVOVOOOV I

12009¢€dV Vi 6 d 092 909119 1 T (IDLO)YHID) N IDIDID)H(1LOID) ¢ (OL) OOLLIDDLLLYVVOODVOD :d CTUSATXINNL
OV.LVLOLOLODLODOLOOOL A

02009¢dV 001 4 d (549 109J13] € ...:uiw:fuv..a?@:.: DOLLLODOOVOLOLVVOLYY 9T GATXINNL

61009¢dV 13)1d ¢ EOOVVL) T (00VVIL) pOT'SATXINNL
OVV.LVVLVVODLLVVLVVLYOD i

81009¢dV N 16¢C 109J19J ¢ CHVLL) (VYD) OOVOLVVIDOOODLVLLYO :d THPATXINNLL
S(VL"(OLNL'(OL) ' (OL)INLOLODD? (VD) ODLLYOLV.LLOODLLYOVOLO o

£1009€dV ¢8 01 d 91 Hu&bmmb ?EomEou T 19J13d ¥ TUEOV) (DL) UV T (ID) DOODLYVOVOVVVOOOVVVVL d STEATXINNLL

# UOISSIDY mIo\o SoT9[[e ,d  (dq) azis (0661 “T2q2 M) £108918D) JSJnow jeadoy (,£<,9) LSauop

yuequon) Jo # paadxg SIQWILIJ 3SIAAY X PIeMIO]  I)I[[2IBSOIDIN

uonNezIpLIGAH 9qold 1YY awwuuva (snavuadojr]) snavuad Jo AIeIqr] STWIOUSD) B WO PaurelqQ SAAPIBSOINN *Z I[qe],




Polymorphic Microsatellites in P. vannamei Shrimp 315

panunuo)

S¥009¢dV
¥r009¢dV

£¥009¢dV

r009¢dV

£5009€dV

96009¢dV

§9009¢dV

¥5009€dV
€6009¢dV

6¥009¢dV

62009¢dV

82009¢dV

0¥009¢dV

0¥009¢dV

6€009¢dV

8€009¢dV

££009¢dV
9€009¢dV

[4%

8¢

€€

€€

SL

4!

€€

01

0s

L1

SOT

(444

0ze

9L1

[4¥4

LT€

0s¢

891

8¢T

(4°14

981

991

867

19j1ad 1
9o9519d punoduroo 1 09512d ¢
9o9yraduur 1 9o9519d punoduro) 1

109113 ¢
19J13J £ -
1o9512d ¢
9ooyraduur punodurod 1 929512d %
909310d punodwod 1 999519g T
yopradwur ¢ 9035194 |
109J1d ¢

199J13d 01

109310d 7 p9g1adunr punoduro))

109)19d T

19y1adur 1 929510dwur punoduro) |

109J19d €
1931ad ¥

9o9y1duut punodurod 1 929194 ¢

109310d T popradur 1 09§19 T

109)10d $ 9o9praduur 1 9095194 ¢

199J194

Joop1adur ¢ 999194 ¥

109113 ¢
BREIREE |

CELY) T S(LO)H(LY) (L)
E(VOVL) {(OL)  FOLIVE(L) SH(OV)E(OVY)

£(00VV.L) " (OOVVL)

“EOL) T HOL) T OL) (L) T (OL) (VD) T H(LLD)
THLVY) T HLVY) (VY)Y
£(OVV) 4(D0) P(OID)LL(ID) " ¢(00L)

TEHLLO) H(IDL) T H(LOD) (L) (LLD) T T(LDD) T

£(001)0%(00L)(OLL)LLFOLLLLSOLL) < (1LV)

THOV)THLY) YY)
“E(IDD) (D) (OL) T E(0L)

TUEOL) TOL) T T(OL) (L) (LDD) T S(00L)

TV UEOL) T TE(VLLLE(V.L)?(VO)VVEE(VD)
“E(00VVL) T (00VVIL)
(19)09M(LD)INF(1D) " (LV)LOLVL

N*¢(LV)OVLVOVS(LY)OVOO:(OV).LH(VD)DO (VD)

L) EOV) EOY)
TUS(LVD) T H(OL) (VL) (VD)

TSLV)AVLV)OA(LYY) U S(LLY) " O(LD) T (1D)

TV O(VO)VLE(VO) VLT (VD) E(OL)
(VL) TH(OL)

(o) .m:.muv..iUCUHﬁQOY:AHOW:&@&:.

TEILD)
“9(VD)ODE(VO)
% (v0)DO' (VD) (VD) (VD) (VD) (VD)
T H(00VVL) T S(00VVIL)

S(O0OVVL)

DLVOOOILLLOOLOOVODLL d

OVILVOOVVOVOOVOOOLVVD 4

DVOOHVOHVOOOLVVOVOVVIOD I

OOLODLOVLLLOIOVOVODD A

OVOODVOOVV.LLOODVOVLOVOD I
OVOODLOODVVILOVVOOOLLL :d
DOVVVOOVOVVLVVOOVOOOD A
OLLVOLOOVOOLOVLLOOLOL I
OOLLLOOLOLLOVLOLOOVOD M
OLVLVODIOVLVVODOOILOO A
OOHOVOHLODLOVVOOOVLOOV ™

OLLLOLILOLODLLLOOODLVYOO d

DOVVVVVOVOVOOVOVOVOVVVYD I

OOVIODOHVOLLODDLOOVYD

OLLLOOOLLOIDLYLYDDOD A
OVOODOLLOVOLLODIOVVD
OVOVOOVV.LVOOVOLOOLVL ¥
OLLOVOVOOOILOVVVVVOLY d
OVVVVILVOOOILOOVVVOOL A
OOLVODLVVOVIOVLLVILOOOL
OOLIOLOOLLIOOVVOOLD A
DLODVVOLOLOLOOVVOIOL
DVOLOOOHVVOHOHOOHVOHOVOVY A
OLVVOLIODOLOOVOOVLLLOOO d
DOOVVOHOLVOOLOODLOVL ™A

DOODLVOLOVLLOODODLLOVOD 4

LT ATXINNLL
poVCTATXINALL

SICTZATXINALL

O ATXINNL

5L6°LATXINNLL

VL LANTXINAOL

96" LATXINNL

s1€ATXINAL
P61 LATXINALL

SV LATXINAL
VU ONIXINALL
SOTTONTXINALL
»86 9NTXINNLL
€9OATXINNL
8GOMTXINNL
LS ONTXINNL

pSSONTXINNL
polSONTXINNL



316 Dawn Meehan et al.

£(Ov)

109310d T 9o9310duut S(19)D9"(LVINDLVIVOLLV.LVOLLYLVOS(V.L)
punodwoo 1 “9o9y1adwr g *+€7(1)03€(3)OVE(LY) " H(VLIDIN (VL)

9ooy1adur punodwod z 929310d 1 “E(VLOLVIVVVIE(DL) f(VL)DLO(OV) (VD) OVODOOVOILOIVVVIVIOLY

£8009¢]V N 981 9ooppdur punodwod 1 9295194 T " (OLDOUOL)(VLLLY (LD)VO'(LY)S(OV) (V) DIOVIVVOLVIOOLOVOOOL d /2 8ATXINN.L
"(OL)VLVIDLLLL'(OL) "¢(01) " "(0L)y ?(OL) " "(OL) DVVVILVVODIOVOVIVOOOVD o

98009¢1V N fofely uu&Comﬁb 1 Juuﬁum 9 .U&G&EH 7 0L (0L E(OL)VLLE(ID) T E(LD)IOVE(OL) T OOVIOVOLODLIOOIOVOY /9" 8ATXINNL

G8009¢IV 19310d T 99310d punodwo) 1 E00VVL) (VOVV.L"(ODVV.L) ™ pLESATXINNLL
OVVOLOVOOVIOOLLIOOLOL o

08009¢1V 19 8 d 022 109J13J T VL) (VD) DLVVOOOVOVVIOOODOOVLL :d CESATXINNL
ODIDLVLLIOVVVOIOOOINO i

G/009¢AV 08 C d €11 10913 ¢ .:Ahwv:.mﬁcw.,.fwuv:. O0DOLIOLLIOLOLLIOLLY i STSATXINNL

“E(OOVV.L) T A(OOVV.L) T E(DOVVL) T (DOVV.L)

8G009¢dV 1093124 9 “TEOOVYL) 00V VL) plI'8ATXINNLL
Pyd 7 HOL)THLYY) T HVLY)LALYY)OVOE(LYY) T E(VYL) OOLLVV.LLOVV.IODIDLLOVOD

68009¢IV 4 ¥ d 1Sz 9opradur 1 909519d ¢ o9jradwuy T HVVL) T EOL) HIVY) (VYD) S (VI)OIDHLY) OVVOOVVVOLLVODLLLOOO 6" SATXINN.L
f(LV) T ELY) ELY) DOHOYLOVOOLLYLOLYLVOVOLOD A

0£009¢dV ¢8 6 d 444 109J194 0T (@V)" " (0V) "S(LV)" (1Y) " E(LV) T H(LY) HAY) DVIOVOLLYODLOLOOLOD :d SUSATXINNL
109319d punodwo) ‘¢z 9o9p1adwur | “(09)40V) " *(OV)F(000V) T F(DV)*(000V) DOVDIOIOLLLODLYIOOOD

75009¢AV W ¥ d 12¢ 9oop1aduar punodwo)) | VE(VO) " M(ODIV)OVVE(VO)DVE(VO)VLE(VD) ™ DODVIOVVODLYOOOVOVOV i /9T LATXINN.L
DVHOLLODODOVOLVVVVVL o

1S009¢€1V 96 ¥ d (X4 109J13] ¥ TSV (L) (DY) (L) ODVVOOOLLVVVYVIOOOLYD d Q%1 ZATXINNL
VOVVOVOVIODOVV.IOLLLVYOLLLO

0S009¢dV 1 W 701 109J15] ¢ OZ(LV) (VL) VOVOOOVVOVLLLYOVOVIOOVY . 9F 1 ZATXINNL
OV.LODOVVVOODLOOLLOVD

8%009¢AV 19 ¢ d 67¢ 109310d ¢ poag1adwiy [ 4(VD) (VD) E(OV) E(OV)ODE(OV)OVIA(VD) ODOVODOVOVOVLYOVOVOV i QETZATXINNL

L¥009¢dV 199)19d4 (YD) SPET LATXINNLL
VOVOOOLOVODOVOOLLLD A

9%009¢dV 0sS [« d 61 109J15] ¢ THLD) (L) OLOOODOLLLLLVODLVOOLY A ZET ZATXINNL

# UOISSIOY w_IQo sapa[[e 4 (dq) azis (0661 “12qo M) A1039718D) (SJhouwr jeaday (,£<,9) LSUOP

yuegquon) Jo # pajoadxy SIOWILL] ISIOAY X3 PIemIOg  SII[[9JBSOIIN

panunuo) °z dqel,




Polymorphic Microsatellites in P. vannamei Shrimp 317

panunuo)

18009¢dV
6£009¢dV
8£009¢dV

££009¢dV

9L009¢dV

¥£009¢dV

€2009¢dV

L009¢dV

12009€4V

69009¢dV

89009¢dV

£9009¢dV
99009¢dV

§9009¢dV

¥9009¢€dV

€9009¢dV

29009¢dV
19009¢€dV

09009¢dV

65009¢€4V
88009¢dV

09

L9

LS

€L

SL

SL

98

0s

06

0s

14

I

d 661

N 0L

d 991

d S6¢

d 00¢

d 19¢

d 00¢

d 691

W 09

d 0s¢

d I1¢

W 44!

d 891

d 89¢C

19310d 7 9o9y1aduy 1
109J19d S
109J13J ¥

19p1adwr 1 9995194  'OL)LEOLILLLID) " *(OL) " *(OLD) " *(LV) " *(LV)

[REIREN |

Joo51ad 1
929310d punodwiod 1 9095197 €

109154 §

19519dwr punodwo)) ¢

109)10d 1 9o9praduuy ¢

1095194

109719 ¢

1o9pradwr punoduwiod [ 9991134 |

109)19d T

109)19d ¥

109310d 7 poapradur 1 999194 ¢ HUEUHQQGEZUAV@UUY.ihhuv.:W.Qubw::ob:

109)19d T

109313d 1 999p1adwur punoduwro)) 1 HOLVVOLIH(LLLO) (L)DOLLOOLVYH(L))}E(LLLD)

1093104
1p9519duut punoduro))

109519d 1 9o9pradwt punoduro) |

109J13J ¢

“UHLVL) (YD) S (LV.LOVOS(LV.L)
“EOL)HID) T E(OL) T (0L) (D)
T E(DOVVL) T 4(00OVVL) T E(0DVV.L) T (OOVVL)

YY)

THOL)E(VL)SHOL) T P(0L) (0L H(ILY)

TEOL) V) T(LY) (L)) T E(OVD)
T H(VL)VOS(VL)VOS(VL)LL (VD)€ (VODD)(VD)
*(VOLD)E(VODD)E(VO)S(VLIOL (VL)
*S(LLY) T S(LV.LOVE(LLY)

T S(LLY)VVE(VLL)DVIVLLVOLVS(LLV)

S (Ly)

E(OL) T FOV) T

TELV)OV)VPH(VO)DL (V)LD (VD) (VL) ™
T E(00VVL) T H(00VVIL)

“(LVL) S(VLLLL) U T(LY) (9D L)
“7(00L) " (10D) " E(00L)

S (ID) (L)
THLLLD) YN (LLID) (CL)DOLL

'(LD)

F(OLINLT (VL)
L14(OL)VVOIOOOLOLLL (LLLD)’(1D)
“rE(VD)

U PH(VLY)Y(LLV)OLVY (LLV)OS(LV.L)’(LVV)(9V)

“5(D0VV.L) " ?(00VVL)

DLOOLVOVYYVVOLYVLVOLOOL i
OLLOIOVOLOOLVOVVLIVLIVIOVOL :d  H7¢ SATXINNL
LOESATXINNL

pSLTBAMTXINNLL
OVDIOVOVOLYOVOVOVVLYVD i

9OLYDOIOVVOLIOLIOIVL :d  ,9/7 8ATXINNL
DIDVVIDLIOOVIDIIOND

DLIODIOLIDVOVOIOVOD I 967 8ATXINNL

DIDDOIDOIOOIOLVLIVOLL I
DLOVLLYVVVOOVODOOVOVD 1 FH7 SATXINNL
DVOLLVDLLOOOOIOLYVOL ¥
DOOVLVIVVVOLOOODIOOL i F7T SATXINNL
DVVODDLVVVIDLVLIVOD0 ¥
DLVDLOVVOLVOLLOOIOLYD 077 SATXINNL
O9OLYVOLV.LIOIOOLYD
OVLLVOLIOOLVOLIOOLV.IOD id 9T’ 8ATXINNL
DVVVDOVVOVOVV.LYOLYOVD i
DOLLOVIOLOVVOVOVIOLYD d  ¢6T SATXINNL
DVVOVVVOVIOOLLODOVLYD
OVOIOLLOLVOLLOOVVVOL 061 8ATXINNLL
DOODOVOVOLYLVVVIOL I
DDVOVOOVOOVIOVVYOLL id  H8T'SATXINNL
pC8T'SATXINNL
DVOVOOLOLLYIODOOLYOL
DOVVOLODIOVVOLLLVOOD d 6L SATXINNL
DOVVDVOVVVOVYOVYOVYD
DIO000OVIOOVVLIOIOL d  //T'SATXINNL
DVVOLOVVVOVVODOVVOL

OIOOVLVLVVODOVVOD d  9/T'SATXINN.L

SELTSATXINNLL
L6V T'8ATXINNL

SLTT8ATXINNL
DOVV.LOLLLYOOOLYODLVLO

DOVVVOLOLLOVOOVOOLLL [ ¢7T 8ATXINNL

pOL SATXINNL



318 Dawn Meehan et al.

109310d ¢

TE(I10)E(00L)

OVVOVVODOLVOLVOVOVIOD A

¥6009¢IV 19 / d [si a1 9ooyraduar punodwod 1 929J19q § E(OOLILEWLD) H(LLD) " S(LD) (LLD) S(OLL) """ ODILOLOLLIOODIOOVOLYD . 9T 6ATXINN.L

€6009¢1V 139124 oL SETT6ATXINNLL

26009¢dV 1393194 € “HOOVVL) OOV polO0T6ATXINNLL

16009€dV 19510d 7 9oapraduuy 1 TELY)TE(LY) T (VO)VVE(VO) VY (VD) SOT 6ATXINNL
DOOVLVIDLLYVOOVVVVVLIYDD o

06009¢IV S/ 4 d 91¢ 109113 T I OL) VD) DOVVVOOVVOOVVVVOOVO d €01 6ATXINNL
DOLLLVVOOLOOVIOVOVLLOD o

91109¢IV N 171 1091134 ¢ “E(0OVVL) T O(ODVVL) OOLVOLDIOVOOLLIVYVOD A 66'6ATXINNL
DOOLVOLOVLLODVOVOOOL

S1T09€IV 0S Vi d €87 yoy1ad 1 9ooyroduuy 1 “5(9V) T H(IO)DLVE(OL) OVOOVIOOVVVVOOOVOOVD d €6 6ATXINNL
DDDDLODLVOVOOVOLVVLD

F1109¢IV 79 S d S6T 109J19d ¢ (VD) VD) (VD) DDLODODLLVLYODVVVOOVD i 06'6ATXINN.L
DOVHOVLOVYIDVVOVYOOD

Z1109¢€dV 19 / d 90¢C 109J194 ¢ CEVLY) ELY) (DY) DOVOIDLVOOLLOLYOLLVOD 1L 6ATXINNL

VYYD UELYY) S (VO)LYVE(OY)
LVL"(VO)1’(OV)LE(VO)LLV*(OV)L:(VO)LVV’(DV)

v OLOVLLLOLVIOOVVOD o

11109€dAV (o4 4 d 00¢ 109310d 7 9oog1adur 1 999J19 9 L¥(VD) " °(OV) "5(VD)"¥(1D) "S(VD) " (VL) " S(VD) " OVOILVVOVLLLOVVOOOD i 09'6ATXINN.L
1ap1ad 7 9oapradut 1 9o9p1ad 7 £(01) (0L ML) (LDDDIIO(LI)IDLD) (VD) DVOOVVLYDLYVVOOLVOOV i

60109¢IV S/ 11 d 617 agpdur 1 9o9pradur punoduro) 1 €(von) *(OLVLLILD) €(09)°(19)01"(19)D*(OL) ™ ODOOVVVOVVIVVVOOVOVD . _CH 6ATXINNLL
DOVIDDLODOOVOLVOLYYD o

80109¢IV 9F 9 d GST 19j10duwr punodwiod [ 199J19d ¢ S(LLD)LLLS(LLLLD) "%(10)" *S(OLY)"(10O)"" OVOVIIOLODDDIOOVOLLD ST 6ATXINN.L

90109¢dV 1o9y1adur 1 9293194 1 SH(OL)DO4OL)OL (OL) " (OL) " S8T6ATXINNL

€I109¢dV 159124 TEvo) 8"6ATXINN.L

01109¢dV 109310duy T ONOV)OL(OV)OLT(OV)VY (OV)OLA(OV) ™ 9'6ATXINN.L

¥8009¢dV 1593194 L) SCVEBATXINNLL
701, (LLIDID) T (LLIDID) OVOVOVOVVVOVOVVVVLY

€8009¢AV 0S 9 d LT 199194 8 “HOL) T H(LLLD) T E(OL) T (10) (D) DOOHVOVODLYVOLYOOLOLD i ZEC SATXINNL
109)13d 1 909praduut DVOLVOOLYDLODLOOVD o

78009¢IV 9¢ 8 d 6,7 Ppunodwod [ 9o9510d punoduro) 1-4(90) " (OV)*(OLOV)LV.LILOVI) *(0DDV)"(09) ODOVOLYOLODIOVVIOD d /7€ SATXINNL

# UOISSIDY  (Ho%  SIP® .d  (dq) azis (0661 “10qa M) £103918D JSynour jeaday (,g<.,9) Ol ()

yuegquan) Jo # paradxg SIQWILIJ 9SI0AdY X PIEMIO]  IJI[[PIBSOIIN

panunuo) °z dqef,




Polymorphic Microsatellites in P. vannamei Shrimp 319

panunuo)

6L665¢dV

LY665¢dV

¥1009€dV

£5665¢dV

£0109¢dV

S0109¢dV

Y0109€dV

€0109¢dV

0109¢dV

10109¢dV

00109¢dV

66009¢dV

86009¢dV

£6009¢dV

96009¢dV

§6009¢dV

0T

LS

0s

SL

00T

L9

8L

L9

08

LS

I

[o(s74 1op1aduWr 1 999J19d 7 OVVEOV)LVEOV)VVOVLLVE(V.L) 40V) "(OV)

09¢ 10931d €
T 109310d punodurod 1 9995194 7
¥81 109134 ¥
109y1odwr punodurod |
9/1 929312d punodwod [ 09J19J ¥
961 19931d ¢
1474 109)194
1 309314 ¥
[4:Y4 Joop1edur] ¢

1o9y12d 1 9ooyrodur punoduwos 1
¥ 9ooy1ad 1 9ooyraduur 1 909§19d T

661 1293134 ¢

6¥¢C 109J19d T

8LC 109310d ]
109310dur

punodwod 1 993)13d 1 9091aduut |
929312d 7 o9jaaduur gz ooy1ad |
$P1 99g1adurr punodwiod 1 909J19d ¢

€1z yopradwur 1 909519 7

91¢ 199)19d ¢

T E(VL)DOVIOVIE(VO)VIY (VD)

TE(D00) T E(VD) (VD)

SHID)S(LY) (VD) " E(LV) ™

TUE(LV)HID) (VL) T (OVD)

"S(VID)OVLVVIS(V.LY)

TEOLY)Y(VLO) T H(VLL) U P(LLY) (DL (LLY)

“S(1D) T E(OD)

ey

“rEL0D) T E(LD0) T E(OLD) (VYD)

TS(VLIVOU(VLIVOSU(VL) T (VD)DOH(VD)(VODO)

££(VD)905(VD)90%(VD)DD (VD)DDVIDD¥ (VD) ™
.;Gsu. “E(OIVI)LLIS(OL)

“US(OL) Y (LD)OVIOLVE(LD) (VD) ™

TH(LD)THALY)
VL) RV
ELVIVVOS(VL)

" P(OVD)LVV-(LVD)
TUEVLL) T C(LLV)OOVI(LLY) T F(VLY) S (VL)

TE(VOL)VYLE(VOL) S (LVD)OS(VOL) " *(OLV.LLY)

T S(OLVLLY)OOV (LLY) " "#(0LY) " ?(00L)

T E(VLDVOT(VL) (VL) S (VL)

VL) AY)

OVOVVOOILLLYVOODOLVVO
OV.LVDOOVOOVVVODOLYD d
OOLLOLDLLODOOOOVLVLL I
OVODHHVOVOOIVOVIDILOVO
OVVOLOOLVOLVVIOLOLYOOL 1
OOLLLIODOOLIOOLYVIOLD
OOLOODOVOOLLVLVVLLL ¥
OOVVV.LVYVOOLOIOVVYVOOL d
OOLLYVODIOVLOOOVVOIOVLL ¥
ODOODLLVOLVLLYOLVIOV d
HOOVOVOVVOLVOOOLLVLYD A

DOLODLVVOOIVVVVOLLYVO

i3

OVLLOOLIOVVOLVVOVOOLOD A

OVOOV.ILOOIOVOLOLYOLVOVO

i3

DOVOVVLLLOVOVOOLLLOD ™

OOLVLLOVODIDOVOVLVOL :

=~

OVOOODLLLVLVVILOLVVODD i
OOVOLVOVOVVOVOVODD 1
OLOLOVOODVVLILVIOOD A
OVVVOOVVLLOLOOOLVVO A

DODLVVVODLVVVOVVVVIOD A
OVOVOOLLVOLVOOVLLOLLVO 4
OOD.LOVOLOVVVOVOVOOVOVD

OOVVOLVOOOLVLVVOODILD

OOOLOLOODIOVVOLLIOVOL

DOLOLLLODLODOVOVVOVD

OVOLLOOV.LLVOOVVOVOLL I
OOVLLYOOVOLVOLVVVVOO 4
VLLOOLLOOLIDOLLIOOOD
OILOLVVOVYODOVLYOOOVVYO
VOLOVLLLLLYVODILOOOVD d

OVVOOOOVOVVLLLOLOLYO 4

LTOTAMIXINAL

PIOTAMIXINAL

LLOTATXINAL

COIATXINNL

C8T'6ATXINNLL

8LT'6ATXINNL

VLT 6ATXINNLL

CLT6ATXINNLL

19T 6ATXINNLL

8ST'6ATXINNL

TST'6ATXINNLL

6V 1"6ATXINNL

SYI'6ATXINNLL

PrI6ATXINAL

9eT'6ATXINALL

LIT'6ATXINAL



320 Dawn Meehan et al.

1o9512d T

DDOVOVILVVOHVOHOHVOHOHILOOVD A

0S665€IV 8¢ ¢ d 761 9ooyraduur punodwrod 1 99§19 7 (OL) " (OL)LIOY(OLLDSOLL) (L) *S(OL)" OLLODLOOVOOLLLOOLVID d ZFT OTATXINNL
DOLLOLOVYVDIOVOVOLOL A

6766S€IV ¢Q S d 44\ 199J19] ¢ “TEOV) TEHOLD) T (OL) OVILOVVOVOVVYOOOVOOLD d 9F ' OTATXINN.L
U&bm ¢ Juoﬁomﬁa 1 L) H(OV) T H(DDL) DODODVOLLOLLLLOIOVLLO 4

8¥66S€1V N 907 9o9310d punodwod 1 999519d 1 (OV)ODE(0DIV)A(OV) " E(DD)(OL) E(LY) OOV.LLOV.IOLLLOLODOLVLIOVLD d [HT 0TATXINNL

9¥66S€IV 1991194 ¢ fOVLY)H(LY) LTTOTATYXINNL
VIOONVIDOVVVVVLVIOO ¥

S¥66S€AV 001 C d 86 1o9310dunt punodwo)) T{OVOLILALD) LLVOLVOLLVLVOOLVIOVL . [ZT0TATXINNL
ODLYOVVVOVVVVOLOVOVOD o

¥766S€IV 0S ¥ d 811 199J19] ¢ (OL) " (O0L) " (OL) DOVOHLVV.LYVOOOVOOVOOLD d LI T OTATXINNL
19y1adurr | DVVODLODVVIYVOODLOOV A

91009¢1V 06 4 d 8¢ 9ooy1aduar punodwo) | T EILO)LVALO)LYE(LD) T (OL)VV.LY(0D) DV.LOODLYOOODILOOVLVYD . 96 0TATXINNL
DVVDOOOV.LODOVLYOIOOND

S1009¢AV ¢9 ¥ d 887 199J1J § L) T OL) T(OL) T OL) T H(LY) DOVVOLOVIOOVOVYOOVD i ¢4 0TATXINNL
DOVVVVODOVVVOOVOLY o

€1009¢AV N 88 199J194 TEHOVVYY) T OLLOOLVOOILOLYOVIOVOD . 9 0TATXINN.L

19310d |

9ooy10d punodwod T 09510d ¥ S(LLLO) T (19)(LLLD) E(19) DDOVLYVVVVOVVOOVYOOY o

21009¢AV 001 ¥ d 61¢C 9ooypduut punodwrod 1 99§19 T "(LLID) " E(19) "S(LLLD) " {(LO)LLI(LD) "S(1V) " OVVVVOODLVOVVVIOOLD A 79 0TATXINNL

11009€1V 109310d T oopraduy | (V) (LVLOS(LLY) LSS OTATXINNLL

80009¢1V 309319dw] THLVIOVI(LY) SLY OTATXINNLL
LOODDODIOLLLY.LODDLIOV:Y

S0009€1V 0 ¥ d wi 109519d ¢ 9oagraduur T 99510 d T (VD) HOV) ML) T H(ID)DH(DL) T H(IO) OVOLLVVOOOLLYOODIOLY 4 HH 0TATXINNL
DLVOLOVLYVOOVV.LVOLV.LION

€0009¢1V 1 W 861 199119 ¢ YD) (DY) U E(OLL) OVOLOLIOLV.LIOLLVIOOLD 4 [H OTATXINNL
ODLLLIODLVLLVLLVODLOD:

766651V SS A d 15T 109JI9d 9 E(OLV) E(VD) TH(LYY) E(LYY) H(VALY) E(OLL) DOHOVOOLVLLLYOVOVYOD . ¢COTATXINNL

Uu.tum 1 Juwtwmﬁ: 1 £(VLL) " "(LLV)OOVLLVIOV (LLV) " "(LLV) "¢(LLV)

1866S€dV 9ooy12d ¢ 9ooyrodwur punodwioy 1 M(VLL) T E(VLLVLLVOL)DODS(VLLION(LLY) L8TOTATXINNLL

# UOISSa0OY w_mo\o Sa[a[[e ,d  (dq) azis (0661 ‘19g2 M) £103918D) ot jeadoy (,g,9) LSuoP

NueguaL) Jjo # paadxyg SIOWIIJ 3SI9AY X PIemMIog  I)[[2IBSOIIN

panunuo) ‘g Jqel,




Polymorphic Microsatellites in P. vannamei Shrimp 321

panunuo)

1L665€dV

0L665€dV

696654V

89665¢dV

£9665€dV
996654V

§9665€dV

96654V

€9665¢dV
29665¢dV

19665€dV

096654V

65665€dV

856654V

95665€dV
656654V

¥5665€dV

€6665¢dV

5665€dV
[9665€dV

sS

0s

9¢

L9

€8

0¢

0s

€€

14

171

L1C

€91

66¢

€ve

161

1<t

L6

L1T

91¢

€91

S01

L0T

€L

0¥c

19pradwur 1 9o931ad ¢
929312d punodwo) 1

109J19d ¥
109J19d
109J19d ¢

109J19d
109J1d T

1o9310dunt punoduron)
199J19d ¢

139J19d T
199J13d T

19J19d €

109194 7
199519d punoduroo 1 909510d |
9ooy10d punodwod 1 9ospraduy 1

109124

109J19J T
109J19J

19312d T
9ooyraduat T 909510d T 9o9praduy 1

199J19d ¢
109519d punoduwod |

9oa1adwt punodwiod [ 999J19J ¥

109194

T EILVL)OVEH(LIVOLY)(LLV)

T(LOV)TH(LLY) (LY.L S(LVD) (LV.L)
< €(OY) (VLD S (1D) L)
“(D09)
“EOVY) VL) VL)

XY

TE(OOVYL) OOV T
TEHIO)VE(LY)INT(LY)IN?(LV)
TEILD9) T T(0D0)

(0L 0L)
TEOL) LYY

(YD) (VD) V)

sza.:xﬁb.:

TE(LID)F(OL)

“E(LLID) T E(OLD)S(OLL) S (00L) IOIDLLL(DUD)

e(g)

HOL) HVLL)
(1)
“(LV)*H(OV)ONC(OV)ONH(OV)

Cel(VL) T HOVIVYE(OV)VVIS (VD)

f(OVLY) " "S(1D) " (D0DDDV)

POV)T(DL)

T(VL)OLVIOL’ (VD) P(VL) " f(OLL) ""(19) " *(OL)"

(L)

ODLVVLVVIOOOVVLVOLVY

OOLVLLOOLVOLLIOV.LLOO

DOOVLLVVOOVOVVVIOVILD &

OVVOLVVVIOOOLLOOLOLO

OVOVDHOHVOVDHOLOOVOOLD

DLOVODOVILOOVVLOVODO

OOOVOVOOLVLLLIOLOOVOD
OLOVILOVVOOVLVLVV.LLVOLVO

OVOOHVIOVVOOVVVIOILOVVO

ODOVOOLILLLYOOLLOLLY

LOOVODOOLVVOV.LLOODO
OLVLVOILOOVOOLLVIOLOD
OVVVVOVVOLOLYOOOLILO
OVOVOHOVOVOILOOVOOL
OOIIOVVVODVOLVVILVOOILY

OOLVOLLLVLVOOOVIOVOLVO

DIOLOOLOUYDOLVVVOVOOL
OODIOLLOLVVOOOVLLOVVD
OVOVILOVVOVVVVOOVVIOVO
OOLVOOVOHOVVIVLLIOVOV
OVILVVVOILOODOVOVVVVOOV
OVOLOIDLVOLVOOLOOLY
OLVOI1D009LODLODLVY
ODOVILOLVVLVOVOVOVVOD
OOVOHVOOVOILVOOOIDLOLV.L

LOVOODI1DLODOLOLIOOLD

VYOVOVVODODOVOV.LVVVOL
D00VOHLODDDIDVILOOLYO
OVILOVODOVVOVOIOLVVVOVY

OLVLLIOOLOLOLLLOOOLL

d CCTOTATXINNL

A TCCOTATXINNL

A 0CTOIATXINNL

SITOTATXINNL

EoK B K

ITTOTATXINNL
pEITOTATXINNL

|

4 60T 0TATXINNLL

A

< 80T OIATXINNL

A

A L0TOTATXINNLL
590T0TATXINNL

N
A GOTOIAMTXINNL
N
A OTOTATXINNL
N
4 TOTOTATXINNL
N
4 00T 0TATXINNL
N

ALT6T0TATXINNL

98T 0TATXINNL

SC8TOTAIXINNL

B
AL LLTOTATXINNLL
N
A 9LTOTATXINNLL

S0STOTATXINNLL



322 Dawn Meehan et al.

DVOVVOOVIVOVOOLOLVV ¥

06665¢dV 8¢ ¢ d €6 109J19d ¢ L) HI0) L) ODLIDIOVLYOLLVLLVLIOOLVO 4 _8T¢ OTATXINNL
DLOODOLODLODVLIOLODLD o

68665€IV 44 [4 d 6L1 109J1d T V) (oY) DOOLYOODIVOVVVOOVLY A ZI¢ OTATXINNL
DHOLOLLOOVOOLYODLOL

88665¢dV 1 W S0t 109J19d T HOV) VL) OLVOOV.LOOLOLLOLLOVOOLYD d [1¢ 0TATXINNL
ODOVOLLOLLYOLOLOLODD A

L866S€dV 1 W L€T 109J19d ¢ H0D) T H1D) HOD) DOVVLOLLOOOOLOOOLIOL . HO¢ OTATXINNL
LOVDOV.LODVLIOVOLLO ¥

98665€dV N 61 1oyrodur punodwod 1 9295194 T “E(YD)Y(L0)TH(LOLD)LOS(LOL) H (VD) DIDLLVLVIOLLODOOLLIOLYD i gG67 0 TATXINNLL
HOHOV.LLLOLOVOLODOLLO ¥

686654V N (1} 41 1091194 TELY) DIHVOOILOVOVYVOLOOD . 167 0TATXINNL

78665€V 1094134 HODVV) H88TOTATXINNLL
OVIDVVOVOOLOVOVODDOO ¥

€8665¢IV 19 ¢ d 50T 19J13d T ELY) R OV) DOVVVLIOOVOLODVVVLLIOL 4 $87 0 TATXINNL
OVOODDILODLOVOV.LLOVL ¥

786651V I W 541 109194 oL DODVOVOLYODOOLVLYVVY 4 €87 0TATXINNL
fOL) 5 (OL) ' (0L) DOODIILVIOVIODLLYOVY M

0866S€dV 19 S d 01¢ 19310d ¢ 9oogradur 7 09§19 T S(IDIVOS(LD) SO (ID)OLE(LD)  S(LLV) DILOVIVODLOVYOOLYOVYD 8/ T 0TATXINNL
VVYOVOOOLLYVOOVOVOLVLL M

8L66S¢dV N €61 109J13d ¢ CHVLL)HLLY) LODDDVLVV.LYVOVVLVVLVIOVOD . $97°0TATXINN.L
ODOHVOLLOLOVLLIODLIOLLOO

LL66SEIV 001 C d (¥4 1993194 RN AR DOOLLODOOVOLVVVLVVVLD d GGTOTATXINNL
4(LD) " S(OLVLH(DL) OOOLLLY.LILVV.LYOVYO0DD i

9L66S€dV S/ {4 d 10T 109310d T 9oag1adur 7 909194 ¢ CHLV)LOY(LY) T E(LLLD) (D) (D) SILODLLIDDIOVVOOLYD  8CT O0TATXINNL
ODLVV.LVOOODOVLLYOLO o

GL66SEIV N ST 109194 § ELLY) T (VLL) (VD) (LYD) (V) OVOOOLLLLYOVLIOOOLLLY :d /€T 0TATXINNL
1931d ¥ ELYY)TE(LY) OLOLVOOV.LVODLOOVLLLYD i

¥,665€dV N 08T  oyadur punodwiod 1 9295194 T S(VL) " S(LV) " “4OVDDOV)S(OV)L¥ (VD) €(VD)" " OVVVOOVOVVOVVOILOLOOL . FETOTATXINNL
OVVDLYOVVVOLLOOOVYDD A

€L665¢dV N [ler4 109510d 7 9oapradwur 1 909519g 7 E(VO)H(ID) T EOLINDEOL) T HID) T H(1D) ODOLOLLIDLLLOLOLYOOD . Q77 0TATXINNL
DODLVOVVV.LOVVVVOOOVL i

TL66S€dV N €S 109J19d T HLLO) (VL) DOOVLIODOLLYLIOLOOVOLYO :d 7T OTATXINNLL

# UOISSADY  (Ho%  SIP[[® ,d  (dq) azis (0661 ‘19qaM\) £103318D GSynour jeaday (,£<,9) LSAUOP

yuegquan) Jo # paradxg SIQWILIJ 3SI9AY X3 PIEMIO]  IJI[[PIBSOIIN

panunuo) °z Jqef,




Polymorphic Microsatellites in P. vannamei Shrimp 323

'$21084Z0WOY PaIdPISUOd 219M pueq T payrdwe ey sapdwes [y *(07 01 ¢ = u) so[dures jo 12quINN [eI0], oY) 4q PIPIAIP $2)084Z01)0H Jo 12QUINN [eIO], = AS0FAZ0INH PaAISqO,
uequan o) paprwiqns sem aouanbas [enred A[uo—odouanbas Jo sppprwr ur SN AuBUI 00) 9I9M 1Y T4

“1ourtid oYy Jo uSIsop Yy U PapNIUL Sem JIOUI SIY) JO e,

*(930 ‘voneoyrdure ou ‘spueq Auew 001) uoneziundo 1YLNy padu N Orydiowouow N Orydiowsjod ‘g,
*(T00T “Te 30 UDLIE M -TEAD[Y) JIYdIOWOUOW 21omM WY} Jo Auewr pue pad1ousd uaaq 2AEY $IUOP IAYIO UL PUNO FOW DDVV], JWOS,,
*2ouanbas a1} UTYIIM sjjow pauIquIod Jo [Suts e wolj pausisap udaq aaey Aew srourtid <roasmol] aouanbas ay) ur papnpur syow ay) e 10y srowtid uSisap 0y saouanbas Sunuey ySnous jou a1om 219,

sisk[eue 10§ pajoaas s1owitid oy Aq paxueyy syeadar ajedtpur 2ep[oq Ul RO “(***) 4q pareredss are SUOP € UMM SAN[[PILSOIIW JUIIYIC,

"IoqUINT JUO[ pue (LUvuuvA

(snavuadonrT) snavuag

ST AT) aureu sa1ads ay) (X UBYIIA ST XIA “5°9) DI[21LSOIOIW JY) PIZLIDIOBILYD 10 PAUO[D Je) ISYDILISII dY) JO S[RIIUT Y} £Q PIMO[[O] AISIDATUN) SPYNT, ST ()], SMOJ[OJ SE ST $I)I[2)BSOIIITU 10] INJBDUIWON],

01009¢dV

60009¢dV

£0009¢dV

90009¢dV

¥0009¢dV
20009¢dV

10009€dV

00009¢dV

66665€1V

86665€1V

L666S¢dV

966654V

§6665¢dV

¥6665€dV

1666S€dV

€6665€1V

€€

SL

€8

8¢

L9

L9

€€

6

L€T

STl

¥8¢

61¢

¥81

66¢C

¥8¢

61¢C

1s¢

S81

VT

SSI

§TC

109194
109J19d ¢
109310d T oap1adur ¢ 999194 ¢
19519 ¢

oapradwt 1 9095194 ¢
19519duur punoduro))

199519d punodwod | oay1aduwy |
199J15d ¢

10910duuy

yo9y12d 7 9ooyroduy 1

Jooy1adurr punodwod 1 9ooyrpduwy 1
1J13J ¢

191134 ¥

109113 ¢

1093194 ¢

19310d 9

9oapraduwur punodwod 1 999J19d § VLLAVOL)S(VLL) *(LLV) " "S(V.LL) " *(LLV) "S(V.LL)

o)

(Y)Y
“E(10) " S(10)00(1D)DD (L) LLF(1D)
“rE(1D)O(OL)D05(OL) 0N (L) A(LD)

(VD) T(VOVD)

THLVVY)OTN(VVL) H(LVYY) U S(OL)

f(OVLY)*(LV)ODIOLIO(LD)

£(v0)"(OV)?(1LV)°(OV) " (VO)VL

“(vD)S(VOVOV.L)’(VO)ON(OV)VV (OV)VV (OV)

LYY HLY)

~HH(ID)005(10)IDIIDDYH(ID)DD4(1D)

VL) VL) EOV)IVY (OY)

P(VI)DUVL)H(VO) (VL) LM (VL)L (VD)

S(VL)OVH(VLIVO (VL)Y (VVVL)  "(LV)OV (1LV) "

(D) YOLL) T M(OLL)

“rE(1000) T E(LD) T H(1DD) (00D

CHID)TM(ID) (L)

E(VLL) (VYD) (L)

H(10)#(1D) T (LV.L)
TSOV) T HLYYY) T (OVVY) T S(LLVOLY)LL

OLVLODOLOVOHO
ODOVOLIOILOOLLODIOLYOV
OOLOLOLIOLOOIOOVVVV.LLL
DOHVILOOVOVIDILOVOVV.LYD
DLODOVVOOVOOVVOVVOLO
DODHOHVODOHVOVVOVILOVOVY
OLVVVOOILOLOVVOLOLOD
OVIOVOVOOHOHVOOOVIOVLY
OLODLVOILOOLYOVOLOVOVOV

OVVOLOOLIOVOOV.LOOVOOV

DOOHVOHLOOODOVVIOVVVVLVVDO
OOOVVILOOLOLLVOOVVVOL
OLODLLLLODLVOVLOVOOVIOL
OOOVLVOLOVVLVOLOOVOVVOL
OODLVLVOV.LVVVVVLOLLLOLOOOV

ODOLODODOVOVVLOOVVOLVV

OOVOHLOVOOLLVOVLLOLLYD
OLIDLVIDOOLLYOVOOLLO
OLLOVOVLOOOLOOLYOOVL
OVHOILOO0DDIOLVIOLYLYD
OVOOOVOLVOVLLLOLYOOD
OLVLVIOOODOVIOVOLLVOD
OVVOOVVVVLVVVOLOVODO

OLOIODLYILOLLOLOOOLLY

ODIOLYOVVLLLLYVOLODVOD

OV.LLOOLV LIDLOVLLYOOVO

o

A P8V OIATXINNL

o

A T8Y 0IATXINNL

N

A LGSYOTATXINNL

N

A LYY OIATXINAL

N

A TTV OIATXINNL
SV8COTATXINNL

589€°0TATXINNLL
N
4 POCOIATXINNL
o
d €9 0TATXINNL
o

4 6GC0IATXINNL

56V OTATXINNL
o
AP OIATXINNL
o
A TP OIATXINANL
o
A 0V OIATXINNL
o

ALV OIATXINNL

A

A LECCOTATXINNL



324 Dawn Meehan et al.

(AT)1s5, (GC)ys, (CT)ys, (TAT)1g, (CTC)yg, (CTTT)g, and
(TGTA)g) using y-"*P ATP and the 5-end labeling ex-
change reaction (Gibco). Filters were washed once in so-
lution T (0.2% SDS, 2x SSC) for 15 minutes at room
temperature, once in solution II (0.1% SDS, 1x SSC) for
15 minutes at room temperature, and continued to wash in
solution II once at 37°C and one to two times at 42°C for
20 minutes until very low background radioactive signals
were detected. Membranes were dried, exposed to film for 2
to 3 hours, and aligned to the numbered LB plates to
identify the number of positive clones. Filters were stripped
of the previous probe by first placing the membranes in
molecular biology grade water for 2 to 3 minutes, and then
adding a boiling solution of 0.1x SSC and 0.1% SDS, and
were shaken for 15 minutes. Positive clone sequences have
been deposited in GenBank (accession numbers AF359944—
AF360116).

Characterization of Microsatellites

Microsatellites were divided into 3 categories: perfect, im-
perfect, and compound (Weber, 1990). All motifs with 3 or
more repeats were counted as microsatellites. To compare
with microsatellite frequencies reported in other studies,
motifs with 5 or more repeats and 10 or more repeats were
also counted.

Microsatellite Amplification, Scoring, and
Calculation of PIC Values

The Primers3 program (Rozen and Skaletsky, 2002), as well
as visual editing, was used to design 136 oligonucleotide
primer sets flanking one or more motifs within a clone.
Primer sets chosen were based on the uniqueness of se-
quences and percentage of GC content. Primers were syn-
thesized (Operon Technologies Inc.) and used to amplify
alleles in DNA (100 ng) from 26 cultured SPF shrimp
(Alcivar-Warren et al., 2002). Polymerase chain reaction
(PCR) mixture (25 pl) containing 100 ng DNA, 7.5 ng of v~
32p_ATP-labeled reverse primer, 50 ng of forward primer,
2.0 mM of MgCl,, 0.2 mM of dNTPs, 2.5 U of Taq poly-
merase (Promega) and 1x buffer. The thermal cycler (PTC-
100, MJ Research) profile was 94°C for 3 minutes, 94°C for
1 minutes, 52°C for 1 minute, and 72°C for 2 minute, and
it ran for 21 cycles (Wolfus et al., 1997). Amplified prod-
ucts were electrophoresed in polyacrylamide gels and vi-
sualized by autoradiography. Samples were run next to a
known sequence (Garcia et al., 1996) to determine size. A

microsatellite was regarded as polymorphic when the fre-
quency of the most common allele is equal to or less than
0.99 (Nei, 1987). Polymorphism information content (PIC)
was calculated as in Botstein et al. (1980).

REsuLTs AND DiscussioN

Microsatellite-Containing Clones in Genomic
Libraries

A total of 1479 positive clones were obtained after probe
hybridization of the genomic library. The distribution of
positive clones is summarized in Table 1. Microsatellite-
containing clones were first identified in treatment 3
(vector-target ratio, 1:0.6) with 1 positive clone and in-
creased to 116 clones in treatment 10 (vector-target ratio,
1:10). The 1:10 ratio provided more recombinant clones
(n =509) than 1:1 ratio (n = 80), indicating the impor-
tance of optimization of ligation conditions, as suggested
by Ausubel et al. (2002).

A total of 251 clones tested positive to the dinucleotide,
trinucleotide, and tetranucleotide, probes (Table 1), of
which 173 (68.9%) contained microsatellites, 48 (19.2%)
could not be sequenced, 16 (6.4%) did not contain mi-
crosatellites, and 14 (5.6%) were identical to other clones.
Results indicated that only 173 (11.7%) of the 1479 positive
clones actually contained microsatellite motifs after probe
hybridization and sequencing.

Distribution of Microsatellites

In the 173 clones there were 588 microsatellites that con-
sisted of 433 dinucleotide, 139 trinucleotide, 40 tetranu-
cleotide, 35 pentanucleotide, 10 hexanucleotide, and 1
nanonucleotide motifs, alone or in combination, with 3 or
more repeats (Table 2; Figure 1, B). Most of the motifs
(n = 658) consisted of 3 or more repeats, whereas 223
motifs had 5 or more repeats and 104 motifs consisted of
10 or more repeats (Figure 1, A). Accordingly, based on the
8 probes used, the most abundant di-, tri-, tetra-, penta-,
and hexanucleotide motifs were (CT),, (ATT),, (CTTT),,
(TAACC),, and (ATTATC), (Figure 1, B).

Dinucleotides

Relative to other species, dinucleotide repeats in P. van-
namei are short, as reported in Drosophila melanogaster
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Figure 1. Summary of di-, tri-, tetra-, penta-, and hexanucleotide microsatellites (A) and core motifs (B) found in microsatellites with 3 or

more, 5 or more, and 10 or more repeats, based on the methodology

used in this study. Microsatellites were isolated from a genomic library of

Penaeus (Litopenaeus) vannamei after probe hybridization as indicated in the “Materials and Methods” section.

(Schug et al, 1998). (CT), was the most abundant
(n = 64) microsatellite motif in P. vannamei, followed by
(GT), (n = 141), (AT), (n=117), and (CG), (n = 11).
These results are similar to those reported from another
library of P. vannamei (Garcia and Alcivar Warren, 1996)
and in hymenopteran species like the yellowjacket wasp,
and humble bee (Thoren et al., 1995). In D. melanogaster,
(GT), was the most abundant microsatellites in arrays
of 5 or more repeats, followed by (TA), (Schug et al,
1998).

Trinucleotides

A considerable number of trinucleotide microsatellites were
found in this study. TAT (n = 64) was the most abundant
motif, followed by CTC (n = 25), CTT (n = 22), CAT
(n=9),and ACT (n = 5), among others. The abundance of
the TAT and CTC repeats can partially be attributed to their
use as probes. (CTT), was also one of the first microsatellite
motifs isolated from a randomly amplified polymorphic
DNA (B20) marker in P. vannamei (Garcia et al., 1996).
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Tetranucleotides

The most abundant tetranucleotide microsatellite found in
P. vannamei is (CTTT),. This may be attributed to its use
as a probe. However, this should not be taken as a general
rule, because the other tetranucleotide (TGTA) used as a
probe was not even the second most abundant tetranu-
cleotide. (CTTT),, was also isolated in B20 locus (M1 mi-
crosatellites) and is a highly polymorphic marker (Garcia
et al., 1996). This (CTTT), microsatellite (M1) has also
been successfully used to study genetic diversity of wild and
cultured populations, track the pedigree of the USMSFP
breeding program, and search for allele frequency differ-
ences in TSV-resistant and TSV-susceptible shrimp (Wol-
fus et al., 1997; Z. Xu et al., unpublished results).

Pentanucleotides

A large number of TAACC-containing clones were found in
this study. These were not found in another P. vannamei
genomic library obtained after probe hybridization (Garcia
and Alcivar-Warren, 1996) or in sequences of P. monodon
obtained after direct sequencing (Xu et al., 1999). However,
similar pentanucleotide repeats were reported in P. van-
namei by Bagshaw and Buckholt (1997), but our sequences
show a more variable structure of the core motif. Variable
core motifs of pentanucleotide (TAACC/TTAGG), have
also been found in tick Boophilus annulatus (AF50888),
human (AC018606, AL358113), silkworm Bombyx mori
(D13554), Mediterranean fluor moth Anagasta kuehniella
(X70283), and fish Pugu rubripes (AF064564).

Categories of Microsatellite Motifs

Most shrimp microsatellites were categorized as perfect
(79.6%), followed by imperfect (10.5%), compound im-
perfect (6.6%), and compound perfect (3.2%). These re-
sults are similar to those found for P. vannamei (Garcia and
Alcivar-Warren, 1996) and P. monodon (Xu et al., 1999).
However, Tassanakajon et al. (1998) found that imperfect
dinucleotide microsatellites were the most abundant in P.
monodon. Results from fish and mammalian species also
indicated that perfect microsatellites were most abundant
within the genome (Weber, 1990; Beckmann and Weber,
1992; Brooker et al., 1994; Crooijmans et al., 1997).

The number of uninterrupted repeats in P. vannamei
microsatellites ranged from 3 to 57 (Table 2), with the
majority consisting of short dinucleotide repeats.

Distribution and Frequency of Microsatellite Motifs with Three or More Nucleotide Repeats in Penaeus (Litopenaeus) vannamei

Table 3.

Total

Trinucleotides Tetranucleotides Pentanucleotides® Hexanucleotides® Nanonucleotides®

Dincleotides®

Frequency

Frequency

(1/kb)

Frequency

(1/kb)

Frequency

(1/kb)

Frequency

(1/kb)

Frequency
(1/kb)
1/4 48

Frequency

(1/kb)
1/1.43

(1/kb)
1/0.94

Number Number Number Number Number

Number

Repeat of motifs Number

658

1/618.22

1

1/61.82

10

1/17.66

35

1/15.46

40

139

433

Three or

more repeats’

1/2 78

222

0

1/206.07

3

1/44.16

14

1/77.27

8

1/3.75 32 1/19.32

165

Five or more

repeats

1/5.94

104

0

1/7.36 8 1/77.27 3 1/206.07 8 1/68.69 1 1/618.22

84

Ten or morer

repeats

“These microsatellite repeats may have tested positive to one or more of the di-, tri-, and tetranucleotide probes.

"The estimated frequency of microsatellites was obtained by dividing the total length of the Penaeus (Litopenaeus) vannamei genomic library (618,222 base pairs = 1,479 X estimated average insert length 418

bp) by the total number of repeats then divided by 1000.
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Table 4. Usability of 110 Penaeus (Litopenaeus) vannamei Microsatellites with Different Motif Lengths®

Motifs with <6 repeats Motifs with <10 repeats Motifs with >10 repeats Total
Polymorphic 51 (55%) 13 (14%) 29 (31%) 93
Monomorphic 15 (94%) 1 (6%) 0 16

“From a total of 136 primer sets tested, 27(N, Table 2) of which to be optimized

Frequency of Microsatellites

The frequencies of different microsatellite motifs in
P. vannamei are shown in Table 3. Among the dinucleo-
tides, frequency of (GT),, (CT),, (AT),, and (CG), with 3
or more repeats was 1 in 4.38 kb, 1 in 3.77 kb, 1 in 5.28 kb,
and 1 in 56.2 kb, respectively. The frequency of P. vannamei
microsatellites reported here is relatively high when com-
pared with that in P. monodon (Tassanakajon et al., 1998;
Brooker et al, 2000). For instance, the frequency in
P. vannamei of (GT), and (CT),, microsatellite motifs with
3 or more repeats was 1 in 4.38 kb and 1 in 3.77 kb; 5 or
more repeats was 1 in 9.66 kb and 1 in 9.97 kb; 10 or more
repeats was 1 in 17.17 kb and 1 in 23.78 kb, respectively. In
P. monodon, Tassanakajon et al. (1998) found a lower fre-
quency of (GT), (1 in 93 kb) and (CT), (1 in 164 kb)
among microsatellites with 6 or more repeats. Brooker et al.
(2000) also reported a low frequency of (GT), (1 in 164 kb)
and (CT), (1 in 1200 kb) in P. monodon. In other species,
the frequencies of (GT), and (CT), were 1 in 23 kb and 1 in
76 kb for brown trout (Estoup et al., 1993a), 1 in 139 and 1
in 87 in flat oyster (Naciri et al., 1995), 1 in 15 kb for GT in
honeybee (Estoup et al., 1993b), and 1 in 8 kb and 1 in 2.5
kb for yellowjacket wasp (Thoren et al., 1995). McConnell
et al. (1995) and Slettan et al. (1993) reported average
frequencies of (GT), repeats every 24 to 35 kb and every 90
kb, respectively, for Atlantic salmon. The frequencies of
(GT), and (CT), in the present study are higher than in
most studies and similar to the yellowjacket wasp and
honeybee, even when we only consider motifs with 10 or
more repeats. Furthermore, the density of microsatellites in
P. vannamei genome may have also been underestimated
due to probe hybridization.

Microsatellite Polymorphism

Out of the 173 microsatellite-containing clones, 128
(74.0%) had enough flanking sequences to design primers
covering all the motifs included in the clones (Table 2). In
an effort to increase the number of polymorphic markers for

mapping studies, primer sets were designed to include single
or multiple motifs with 3 or more repeats, which allowed us
to design primer sets from 136 (78.6%) of the sequences.
Ninety-three (68.0%) of the 136 primer sets successfully
amplified scorable, polymorphic bands in cultured
P. vannamei, with allele sizes ranging from 98 bp to 470 bp,
and PIC values ranging from 0.195 to 0.871. Among the
93 polymorphic microsatellites, 51 (55.3%) contained single
or multiple motifs of less than 6 repeats each (Table 4,
Figure 2). The remaining primer sets either amplified many
unscorable bands or did not amplify at the annealing
temperature we used and need to be further optimized.

Our results showed that a high percentage (78.6%) of
clones contained enough flanking sequences to design
primers for genotyping. Xu et al. (1999) and Vonau et al.
(1999) also reported that 87% and 70% of their micro-
satellite-containing clones had long enough flanking se-
quences to design primers in P. monodon and P. stylirostris,
respectively. These findings were not consistent with the
results from other studies in P. monodon (Tassanakajon
et al., 1998; Brooker et al., 2000) and P. japonicus (Moore
et al., 1999). Further characterization of annealing tem-
perature for the 27 (N) clones listed in Table 2 may increase
the number of useful markers.

Most studies have used 6 repeats (Stallings et al., 1991;
Thoren et al., 1995; Tassanakajon et al., 1998) or 10 repeats
(Tautz, 1989; Beckmann and Weber, 1992) to identify
microsatellites. However, Schug et al. (1998) used 5 repeats
as criteria to search for Drosophila microsatellites in Gen-
Bank. McConnell et al. (1995) and Slettan et al. (1993)
included microsatellites with 4 to 6 repeats in Atlantic
salmon (Salmo salar), Xu et al. (1999) identified all
microsatellites with 3 or more repeats in P. monodon, and
Naciri et al. (1995) included a tetranucleotide with 3 re-
peats in flat oyster. It is known that informativeness of
microsatellite markers increases with the number of repeats
(Weber, 1990). However, there is no reason to exclude
microsatellites with less than 6 repeats if they do show
polymorphisms. Strassman et al. (1997) analyzed the rela-
tionship between repeat length and heterozygosity and
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Figure 2. Scanned autoradiograms of polymorphic microsatellite
motifs in cultured, SPF Penaeus (Litopenaeus) vannamei. The
approximate range of product size (in base pairs) for each
autoradiogram is indicated with arrows. A: Microsatellites containing
only dinucleotide motifs with less than 6 repeats. (1) TUMXPv10.312
[AG]s; (2) TUMXPv9.149 [(TA)s...(TA)s], and (3) TUMXPv8.224
[(AT)4 ...(AC)5...(TG)s]. B: Microsatellites containing single or
concluded that it is worth pursuing microsatellites with as
few as 5 perfect repeats. Orti et al. (1997) also found that
repeat number of a highly polymorphic (CA),, microsatel-
lite locus varied from 5 to 11. Xu et al. (1999) amplified 11
polymorphic microsatellites for P. monodon and 3 of them
had less than 6 repeats. In the present work, many of the
short motifs with less than 6 repeats were polymorphic.
Out of the 93 polymorphic markers, 51 (55%) contained 1

206 bp_’m ,
" s, @ gy

" e

multiple trinucleotide motif with less than 6 repeats. (1) TUM-
XPv10.176 [(GT),...(TTC);]; (2) TUMXPV8.256 [(AAT),]; and (3)
TUMXPv9.77 [(ATA);]. C: Microsatellites containing single or
multiple motifs with tetranucleotides and pentanucleotide motifs
with less than 6 repeats. (1) TUMXLv5.35 [(CTTT)s]; (2)
TUMXPV10.238 [(GT)s...(CCCT)s); and (3) C. TUMXPv9.28
[(ATC);...(CT);...(CTTT);TTT(CTTT);].

or more repeat motifs with less than 6 repeats (Table 4).
Our results indicate that designing primers to flank one or
more motifs of less than 6 repeats, which may be ignored by
conventional methods, can greatly increase the number of
useful markers. The observed heterozygosity ranging from
10% to 100% shows that these could be useful markers.
Samples with a single allele were regarded as homozygous
although they could be one amplified allele and one null



allele (Pemberton et al., 1995). Further analysis with a large
family or newly designed primers will be needed to identify
null alleles. Eight (53.3%) out of 15 single-motif micro-
satellites containing less than 6 dinucleotide repeats were
polymorphic, suggesting that the PIC value is not always 0
for microsatellite with less than 10 repeats, as reported by
Weber (1990). If we had only chosen microsatellite with
motifs of 10 or more repeats, the number of polymorphic
markers would have decreased from 93 to 29 (Table 4).

In summary, a considerable number of P. vannamei
clones that contained microsatellites were obtained by
optimizing the vector—shrimp DNA ligation conditions and
using probe hybridization. Many of these clones had large
enough flanking sequences to design primers. Designing
primers that flank one or more separated motifs, even with
less than 6 repeats, greatly increased the number of poly-
morphic markers obtained. All polymorphic markers
identified here are being used along with other markers to
construct a linkage map for penaeid shrimp.
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