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High Frequency and Large Number of Polymorphic
Microsatellites in Cultured Shrimp,
Penaeus (Litopenaeus) vannamei [Crustacea:Decapoda]

Dawn Meehan, Zhenkang Xu, Gladys Zuniga, and Acacia Alcivar-Warren*

Environmental and Comparative Genomics Section, Department of Environmental and Population Health, Tufts University School of Veterinary

Medicine, 200 Westboro Road, North Grafton, MA 01536, U.S.A

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),

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 Sau3AI

restriction enzyme (Gibco BRL), and 4.5 lg 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 · 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-HCl at 37�C for 45 minutes. Proteins (in 100 ll

mix) were degraded with 2.5 ll of 20% sodium dodecyl

sulfate (SDS), 1 ll 0.5 mM EDTA, and 1 ll 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 H2O. DNA was ligated

at 10 different ratios of shrimp DNA to vector DNA (Table

1) using T4 DNA ligase (Gibco) at 15�C for 18 hours, and

transformed into DH5a competent cells (Gibco), using 2 ll

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/

ll) 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 ABITM 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 2· 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 2· 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 KH2PO4, 0.5 M K2HPO4, pH 6.5], 5· 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)15,

312 Dawn Meehan et al.



T
ab

le
1.

T
o

ta
l

n
u

m
b

er
o

f
P

en
ae

u
s

(L
it

op
en

ae
u

s)
va

n
n

am
ei

C
lo

n
es

P
o

si
ti

ve
to

H
yb

ri
d

iz
at

io
n

w
it

h
D

in
u

cl
eo

ti
d

e,
T

ri
n

u
cl

eo
ti

d
e,

an
d

T
et

ra
n

u
cl

eo
ti

d
e

P
ro

b
es

T
re

at
m

en
t

N
o

.
N

o
.

o
f

re
co

m
b

in
an

t
N

o
.

o
f

cl
o

n
es

p
o

si
ti

ve
to

D
i,

tr
i,

-
an

d
te

tr
a

(v
ec

to
r-

ta
rg

et
ra

ti
o

)
cl

o
n

es
(G

T
) 1

5
(A

T
) 1

5
(G

C
) 1

5
(C

T
) 1

5
(T

A
T

) 1
0

(C
T

C
) 1

0
(C

T
T

T
) 8

(T
G

T
A

) 8
n

u
cl

eo
ti

d
e

p
ro

b
es

a

1
(1

:0
.2

)
8

0
0

0
0

0
0

0
0

0

2
(1

:0
.4

)
12

0
0

0
0

0
0

0
0

0

3
(1

:0
.6

)
5

0
0

0
1

0
1

0
0

1

4
(1

:0
.8

)
7

0
0

0
0

1
0

0
0

1

5
(1

:1
)

80
1

1
1

4
1

0
2

1
9

6
(1

:2
)

13
3

9
2

0
4

1
3

4
1

18

7
(1

:4
)

19
1

10
4

0
5

6
5

12
8

28

8
(1

:6
)

34
5

6
4

2
16

9
5

18
6

43

9
(1

:8
)

18
9

10
9

0
8

4
5

14
4

35

10
(1

:1
0)

50
9

32
13

5
43

16
34

39
24

11
6

T
o

ta
l

cl
o

n
es

14
79

25
1

N
o

.
o

f
cl

o
n

es
p

o
si

ti
ve

b
y

p
ro

b
e

h
yb

ri
d

iz
at

io
n

b

68
33

8
81

38
53

89
44

N
o

.
o

f
cl

o
n

es
th

at
co

n
ta

in
re

p
ea

ts

o
f

p
ro

b
es

u
se

d
,

b
as

ed
o

n
se

q
u

en
ce

46
16

1
38

19
9

6
2

a T
h

is
co

lu
m

n
d

o
es

n
o

t
re

p
re

se
n

t
th

e
ad

d
it

io
n

o
f

th
e

p
re

vi
o

u
s

8
co

lu
m

n
s,

b
ec

au
se

o
n

e
cl

o
n

e
m

ay
h

av
e

b
ee

n
p

o
si

ti
ve

to
m

o
re

th
an

o
n

e
p

ro
b

e.
b
So

m
e

o
f

th
e

cl
o

n
es

th
at

te
st

ed
p

o
si

ti
ve

ar
e

re
p

ea
te

d
in

o
n

e
o

r
m

o
re

o
f

th
e

p
ro

b
es

te
st

ed
.

Polymorphic Microsatellites in P. vannamei Shrimp 313



T
ab

le
2.

M
ic

ro
sa

te
ll

it
es

O
b

ta
in

ed
fr

o
m

a
G

en
o

m
ic

L
ib

ra
ry

o
f

P
en

ae
u

s
(L

it
op

en
ae

u
s)

va
n

n
am

ei
A

ft
er

P
ro

b
e

H
yb

ri
d

iz
at

io
n

M
ic

ro
sa

te
ll

it
e

cl
o

n
es

a

F
o

rw
ar

d
&

R
ev

er
se

P
ri

m
er

s

(5
¢fi

3¢
)

R
ep

ea
t

m
o

ti
fs

b
C

at
eg

o
ry

(W
eb

er
,

19
90

)

E
xp

ec
te

d

si
ze

(b
p

)
P

e

#
o

f

al
le

le
s

%
H

h o

G
en

B
an

k

A
cc

es
si

o
n

#

T
U

M
X

L
v3

.1
c

F
:

T
A

A
A

A
C

C
G

A
A

A
G

A
C

A
A

T
G

G
C

G
…

(G
T

) 3
…

(A
) 2

0
…

(T
G

) 6
…

(A
C

) 3
…

4
P

er
fe

ct
,

2
co

m
p

o
u

n
d

im
p

er
fe

ct
14

6
P

10
83

A
F

36
00

17

R
:

C
T

G
A

C
A

T
T

G
C

G
T

T
A

T
G

A
T

T
G

G
(C

A
) 6

C
G

C
T

C
T

N
(T

C
) 1

0
…

(T
C

) 4
T

N
(T

C
) 4

(T
A

) 9

T
U

M
X

L
v4

.2
F
:

C
A

T
T

A
T

C
G

C
C

C
T

A
A

T
C

A
C

C
…

(T
A

A
) 3
…

(T
T

A
) 4
…

2
P

er
fe

ct
25

1
N

A
F

36
00

18

R
:

G
C

A
T

A
A

T
A

A
T

T
G

C
A

A
T

A
A

T
A

A
C

T
U

M
X

L
v5

.1
0d

…
(T

A
A

C
C

) 7
…

(T
A

A
C

C
) 3
…

2
P

er
fe

ct
A

F
36

00
19

T
U

M
X

L
v5

.1
6c

F
:

A
A

T
G

A
A

T
C

T
G

A
C

C
G

G
T

T
T

C
G

…
(A

T
T

) 3
…

(C
T

) 3
…

f (A
C

) 3
…

3
P

er
fe

ct
34

8
P

2
10

0
A

F
36

00
20

R
:

T
G

G
G

T
C

G
C

T
G

G
T

G
T

G
T

A
T

A
G

T
U

M
X

L
v5

.2
3

F
:

C
C

A
G

C
C

A
A

A
T

T
T

C
G

T
T

T
C

C

R
:

A
C

G
G

A
C

A
T

G
T

A
T

A
C

G
C

A
C

A
C

G

…
(T

C
) 3
…

(G
T

C
T

) 3
(G

T
C

T
C

T
) 1

0
(C

T
) 1

4
(G

T
C

T
) 6
…

(G
T

) 3
…

1
P

er
fe

ct
,

1
co

m
p

o
u

n
d

p
er

fe
ct

,
1

p
er

fe
ct

26
0

P
9

27
A

F
36

00
21

T
U

M
X

L
v5

.2
7

F
:

C
A

G
A

C
C

C
T

A
A

A
T

C
T

C
C

G
T

G
C

…
(T

C
) 4
…

(C
T

) 4
…

(T
C

) 3
…

(C
T

) 3
…

(T
C

) 5
…

5
P

er
fe

ct
17

5
P

8
40

A
F

36
00

22

R
:

T
G

G
A

A
A

G
G

T
C

A
G

A
G

G
T

C
A

C
G

T
U

M
X

L
v5

.3
5

F
:

C
T

G
C

T
A

A
T

T
G

A
A

T
T

T
T

C
A

G
G

…
(C

T
T

T
) 3
…

(A
T

) 4
…

(A
T

) 3
…

3
P

er
fe

ct
10

4
P

5
46

A
F

36
00

23

R
:

A
C

A
G

A
T

A
A

C
C

T
A

A
C

T
G

A
C

G
C

T
U

M
X

L
v5

.3
8

F
:

C
C

T
T

T
A

T
G

A
C

T
T

C
C

C
C

C
G

A
C

…
(T

C
) 8
…

(C
T

) 4
…

(T
C

) 4
…

3
P

er
fe

ct
21

5
P

8
84

A
F

36
00

24

R
:

C
C

G
T

A
C

A
G

A
A

A
C

G
G

A
A

C
G

T
C

T
U

M
X

L
v5

.4
5c

F
:

T
T

T
G

T
C

G
T

T
T

G
T

C
T

T
T

C
T

C
C

(T
C

) 3
…

(T
C

) 4
C

(C
T

) 3
…

(C
T

) 3
…

(T
A

) 4
…

(A
T

C
C

) 4
…

(T
C

) 3
…

1
P

er
fe

ct
,

1
im

p
er

fe
ct

,
4

p
er

fe
ct

16
2

P
6

64
A

F
36

00
25

R
:

A
G

T
A

A
C

T
T

A
C

G
T

G
A

A
T

G
C

T
T

G
G

T
U

M
X

L
v5

.5
4

F
:

T
G

T
C

T
G

A
A

G
A

G
G

G
A

C
T

C
G

T
G

R
:

T
T

G
T

G
C

A
T

T
G

T
G

G
G

T
T

T
T

T
C

…
(G

T
) 3
…

(G
T

) 6
…

(A
C

) 3
(A

T
) 5
…

(A
T

) 2
7
…

2
P

er
fe

ct
,

1
co

m
p

o
u

n
d

p
er

fe
ct

,

1
p

er
fe

ct

18
0

P
6

40
A

F
36

00
26

T
U

M
X

L
v5

.6
6

F
:

G
G

G
G

C
A

C
T

G
A

G
A

C
G

A
G

T
A

A
G

…
(C

A
) 4

C
G

(C
A

4
T

(A
G

) 3
…

(T
A

) 3
…

(A
C

) 3
…

(A
C

) 4
…

1
C

o
m

p
o

u
n

d
im

p
er

fe
ct

,
4

p
er

fe
ct

24
5

P
6

36
A

F
36

00
27

R
:

C
C

G
T

T
T

T
A

T
C

A
G

T
C

T
C

C
A

T
A

T
A

C
G

A
(A

C
) 6
…

T
U

M
X

L
v6

.1
5d

F
:

G
A

G
A

A
A

A
C

G
A

A
A

T
T

T
G

G
A

G
T

C
…

(T
A

A
C

C
) 7
…

.(
T

A
A

C
C

) 3
…

2
P

er
fe

ct
11

6
N

A
F

36
00

30

R
:

T
A

C
A

G
T

A
C

C
T

G
C

A
A

T
T

T
G

G
G

T
U

M
X

L
v6

.2
3c

F
:

G
T

A
A

G
C

A
C

C
A

T
A

A
C

T
A

C
C

G
C

…
(C

C
C

T
) 3
…

(G
T

) 2
6

2
P

er
fe

ct
21

0
P

6
33

A
F

36
00

31

R
:

G
C

A
G

A
A

T
C

A
G

A
T

A
A

A
G

C
G

A
G

T
U

M
X

L
v6

.3
1

F
:

C
A

T
A

G
A

C
A

G
A

T
A

T
G

C
C

T
G

C
…

(C
T

) 8
…

(C
T

) 9
…

(C
T

) 7
…

(C
T

) 6
..

.
4

P
er

fe
ct

23
6

P
5

43
A

F
36

00
32

R
:

G
A

T
G

A
C

G
G

G
G

G
A

A
T

G
A

G
A

G

T
U

M
X

L
v6

.3
7

F
:

C
G

G
G

T
T

C
C

G
C

C
T

A
G

T
T

T
T

A
…

(T
C

) 3
…

(A
C

) 9
A

G
(A

C
) 3

1
…

(A
T

) 3
…

(A
C

) 3
…

(A
T

) 3
…

1
P

er
fe

ct
,

1
im

p
er

fe
ct

,
3

p
er

fe
ct

24
9

N
A

F
36

00
33

R
:

G
A

G
T

A
A

G
T

G
G

G
T

G
A

G
T

G
A

G
G

G
A

T
U

M
X

L
v6

.3
8

…
(A

C
) 9

A
T

(A
C

) 3
A

T
(A

C
) 2

0
A

T
(A

C
) 3

3
(A

T
) 2

4
…

C
o

m
p

o
u

n
d

im
p

er
fe

ct
A

F
36

00
34

T
U

M
X

L
v6

.4
6

F
:

C
C

T
A

G
A

A
G

G
A

T
A

A
C

G
A

T
A

T
G

C
A

A
G

…
(A

T
) 3
…

(A
T

) 1
9
…

(A
T

) 1
0
…

3
P

er
fe

ct
18

8
N

A
F

36
00

35

R
:

G
T

G
G

A
T

T
T

C
T

A
T

C
A

T
G

C
T

G
A

C
T

G

314 Dawn Meehan et al.



T
U

M
X

L
v6

.5
1c,

d
…

(T
A

A
C

C
) 9

P
er

fe
ct

A
F

36
00

36

T
U

M
X

L
v6

.5
5d

…
(T

A
A

C
C

) 5
…

(T
A

A
C

C
) 3
…

2
P

er
fe

ct
A

F
36

00
37

T
U

M
X

L
v6

.5
7

F
:

C
G

A
G

T
T

C
G

G
G

T
T

A
G

T
G

A
T

G
G

…
(C

A
) 4
…

(C
A

) 3
…

(C
A

) 5
…

(C
A

) 3
…

(C
A

) 1
1
C

G
(C

A
) 4

0
4

P
er

fe
ct

,
2

im
p

er
fe

ct
29

8
N

A
F

36
00

38

R
:

T
A

G
T

G
G

G
T

C
C

A
T

G
G

A
A

G
G

G
…

(C
A

) 5
C

C
(C

A
) 6
…

T
U

M
X

L
v6

.5
8

F
:

C
C

C
T

T
T

A
C

C
A

C
C

T
C

C
T

T
C

A
A

T
C

…
(C

T
) 3
…

P
er

fe
ct

16
6

N
A

F
36

00
39

R
:

A
A

G
A

G
G

A
G

G
G

G
A

A
G

G
G

T
C

A
G

T
U

M
X

L
v6

.6
3

F
:

T
G

T
G

A
A

G
G

T
G

T
G

T
G

A
A

C
G

T
G

…
(A

T
) 3
…

f (G
T

) 3
…

(G
T

) 6
A

T
C

(T
G

) 8
…

(G
T

) 3
…

(G
T

) 4
…

2
P

er
fe

ct
,

1
im

p
er

fe
ct

,
4

p
er

fe
ct

18
6

P
4

17
A

F
36

00
40

R
:

C
T

G
C

A
A

C
C

T
T

T
G

G
T

C
T

T
G

C
(T

G
) 3
…

(T
A

) 3
…

T
U

M
X

L
v6

.9
8c

F
:

T
G

C
G

T
A

T
T

A
G

T
A

C
A

A
T

G
G

A
T

G
G

(T
C

) 3
…

(C
A

) 4
3
T

A
(C

A
) 2

1
T

A
(C

A
) 3

0
…

(T
A

) 3
…

1
P

er
fe

ct
,

1
im

p
er

fe
ct

,
1

p
er

fe
ct

25
2

P
3

50
A

F
36

00
40

R
:

T
G

C
A

A
A

G
G

T
G

G
C

A
T

A
A

A
A

G

T
U

M
X

L
v6

.1
16

c
F
:

A
T

G
A

A
A

A
A

C
T

C
G

C
A

C
A

C
T

T
C

R
:

T
A

T
C

G
T

C
A

C
C

A
T

A
A

C
C

A
G

A
G

…
(G

T
) 4
…

(G
T

) 6
…

(A
T

T
) 5
…

(A
A

T
) 3

G
(A

T
A

) 2
(A

T
) 5
…

(C
A

) 3
…

(T
A

) 3
…

(T
C

) 8
…

(G
A

T
) 5
…

3
P

er
fe

ct
,

1
co

m
p

o
u

n
d

im
p

er
fe

ct
,

4
p

er
fe

ct

23
8

P
9

10
A

F
36

00
28

T
U

M
X

L
v6

.1
24

F
:

G
A

A
G

T
G

C
T

T
C

A
G

T
T

G
G

C
G

A
C

…
(A

C
) 3
…

(A
G

) 3
…

(T
C

) 7
…

3
P

er
fe

ct
16

8
P

2
33

A
F

36
00

29

R
:

C
C

G
G

A
T

A
T

C
T

G
T

T
G

C
G

T
T

T
C

T
U

M
X

L
v7

.1
4c

…
(C

A
) 2

9
C

G
(C

A
) I

2
T

(A
C

) 3
G

C
A

C
(A

T
) 3

A
C

A
T

A
C

(A
T

) 3
6
N

1
C

o
m

p
o

u
n

d
im

p
er

fe
ct

,
1

im
p

er
fe

ct
A

F
36

00
49

T
A

T
G

T
(A

T
) 3
…

(G
T

) 3
N

T
(G

T
) 1

1
G

C
(G

T
) 2

7

T
U

M
X

L
v7

.1
9d

…
(T

A
A

C
C

) 9
…

(T
A

A
C

C
) 3
…

2
P

er
fe

ct
A

F
36

00
53

T
U

M
X

L
v7

.3
1g

F
:

G
A

A
C

C
T

G
C

G
T

T
G

A
G

G
C

T
A

C
C

…
(C

A
) 3

8
A

A
(C

A
) 6

(T
A

) 3
T

T
(T

A
) 3

4
…

(T
G

) 3
…

(T
A

) 3
…

C
o

m
p

o
u

n
d

im
p

er
fe

ct
,

2
p

er
fe

ct
35

0
P

2
14

A
F

36
00

54

R
:

G
A

A
A

C
A

C
A

G
A

G
C

A
G

A
G

A
A

A
A

A
C

G

T
U

M
X

L
v7

.5
6

F
:

C
C

A
T

G
G

C
T

T
T

C
C

T
C

T
T

C
T

T
T

C
…

(T
C

C
) 5
…

(C
C

T
) 3
…

(C
C

T
) 3
…

(T
C

) 4
…

(T
C

) 4
…

(T
C

) 3
…

10
P

er
fe

ct
32

7
P

4
75

A
F

36
00

55

R
:

A
G

G
T

A
G

G
G

A
A

G
T

C
G

T
G

A
G

G
G

(T
C

) 3
…

(T
C

) 3
…

(C
T

) 3
…

(C
C

T
) 3
…

T
U

M
X

L
V

7.
74

F
:

C
C

T
G

C
G

C
A

A
T

A
C

T
G

G
A

T
A

T
G

…
(A

T
) 3
…

(A
T

) 3
…

(A
C

) 7
…

3
P

er
fe

ct
21

4
P

4
33

A
F

36
00

56

R
:

C
G

A
G

G
T

G
T

A
G

T
T

G
T

G
C

T
T

T
G

G

T
U

M
X

L
v7

.9
7c

F
:

T
G

T
C

G
T

T
A

G
T

G
C

A
G

C
T

C
A

T
T

C
…

(A
T

) 5
…

(T
T

C
) 3

T
T

(T
T

C
) 3

T
T

(T
T

C
) 3
…

(T
C

C
) 3

C
(T

C
C

) 5
1

P
er

fe
ct

,
2

im
p

er
fe

ct
17

6
P

3
33

A
F

36
00

57

R
:

G
G

G
G

A
G

G
A

A
T

A
A

G
A

G
G

A
A

A
G

G

T
U

M
X

L
v7

.1
02

F
:

T
T

T
G

G
G

A
A

G
T

A
A

G
G

C
T

G
G

A
G

R
:

G
G

A
G

T
A

G
A

C
G

G
T

T
A

A
G

G
A

G
C

A
G

…
(C

C
T

) 4
…

(C
T

T
) 3

(T
C

) 3
…

(C
C

T
) 3
…

(T
C

T
) 3
…

(C
T

T
) 3
…

(T
C

C
) 3
…

(C
T

) 5
T

T
(C

T
C

) 4
…

(C
G

) 3
…

(A
A

C
) 3

..(
A

T
A

) 3
…

(A
A

T
) 3
…

(A
A

T
) 3
…

1
P

er
fe

ct
,

1
co

m
p

o
u

n
d

p
er

fe
ct

,

4
p

er
fe

ct
,

1
co

m
p

o
u

n
d

im
p

er
fe

ct
,

5
p

er
fe

ct

32
0

P
2

58
A

F
36

00
42

T
U

M
X

L
v7

.1
21

c
F
:

G
G

C
A

C
A

C
T

G
T

T
T

A
G

T
C

C
T

C
G

(G
T

T
) 3
…

(G
A

) 3
…

(T
C

) 3
…

(G
T

) 3
…

(T
C

) 3
…

(T
C

) 3
…

(T
C

) 3
…

7
P

er
fe

ct
24

2
P

3
42

A
F

36
00

43

R
:

C
G

A
A

C
A

G
A

A
T

G
G

C
A

G
A

G
G

A
G

T
U

M
X

L
v7

.1
24

c,
d

…
(T

A
A

C
C

) 4
…

(T
A

A
C

C
) 3

2
P

er
fe

ct
A

F
36

00
44

T
U

M
X

L
v7

.1
27

F
:

G
A

A
T

G
G

G
A

G
G

A
G

A
A

G
G

A
T

A
G

R
:

T
T

C
C

A
C

G
T

G
G

T
T

T
C

C
C

G
A

T
G

…
(A

A
C

) 3
(A

G
) 3
…

(T
) 2

6
A

T
(T

C
) 4
…

(T
C

) 3
…

(T
A

C
A

) 3

…
(A

T
) 4
…

(A
T

) 3
(C

T
) 5
…

(A
T

) 3
…

1
C

o
m

p
o

u
n

d
p

er
fe

ct
,

1
im

p
er

fe
ct

,

3
p

er
fe

ct
,

1
co

m
p

o
u

n
d

p
er

fe
ct

,

1
p

er
fe

ct

10
5

M
1

A
F

36
00

45

C
o
n
ti
n
u
ed

Polymorphic Microsatellites in P. vannamei Shrimp 315



T
ab

le
2.

C
o

n
ti

n
u

ed

M
ic

ro
sa

te
ll

it
e

cl
o

n
es

a

F
o

rw
ar

d
&

R
ev

er
se

P
ri

m
er

s

(5
¢fi

3¢
)

R
ep

ea
t

m
o

ti
fs

b
C

at
eg

o
ry

(W
eb

er
,

19
90

)

E
xp

ec
te

d

si
ze

(b
p

)
P

e

#
o

f

al
le

le
s

%
H

h o

G
en

B
an

k

A
cc

es
si

o
n

#

T
U

M
X

L
v7

.1
32

F
:

A
T

C
C

A
T

C
C

A
T

T
T

T
T

C
C

C
C

T
C

…
(C

T
) 3
…

(C
T

) 4
…

2
P

er
fe

ct
19

3
P

5
50

A
F

36
00

46

R
:

C
T

T
T

G
G

A
G

G
G

A
C

T
G

G
G

A
G

A

T
U

M
X

L
v7

.1
34

c
…

(G
A

) 2
0
…

P
er

fe
ct

A
F

36
00

47

T
U

M
X

L
v7

.1
38

F
:

A
G

A
C

A
C

A
T

A
C

A
G

A
C

G
C

A
C

G
C

…
(C

A
) 6

T
A

G
(A

C
) 3

G
C

(A
C

) 3
…

(A
C

) 3
…

(C
A

) 1
9
…

(C
A

) 7
…

1
Im

p
er

fe
ct

,
3

p
er

fe
ct

32
9

P
3

67
A

F
36

00
48

R
:

G
A

G
T

T
G

C
T

C
C

C
A

A
A

C
G

C
T

A
C

T
U

M
X

L
v7

.1
46

c
F
:

A
A

C
C

T
A

G
A

C
A

T
T

T
A

G
A

A
G

G
C

A
C

A
…

(T
A

) 3
…

(A
T

) 2
0

2
P

er
fe

ct
10

2
M

1
A

F
36

00
50

R
:

G
T

T
T

G
A

A
T

T
T

C
T

A
A

G
G

C
T

A
C

A
G

A
A

G
A

T
U

M
X

L
v7

.1
48

F
:

C
A

T
C

G
C

T
A

A
A

A
T

T
C

C
G

A
A

G
C

…
(A

T
) 3
…

(A
G

) 5
…

(C
T

) 1
1
…

(T
A

) 5
…

4
P

er
fe

ct
27

3
P

4
56

A
F

36
00

51

R
:

T
A

A
A

A
A

T
G

A
G

G
G

G
G

T
T

G
G

A
G

T
U

M
X

L
v7

.1
67

F
:

A
C

A
C

A
C

C
C

A
T

C
C

A
A

C
T

A
C

C
C

R
:

G
G

C
C

T
A

T
G

G
T

T
T

G
T

C
T

G
A

G
G

…
(C

A
) 3

T
A

(C
A

) 3
A

G
(C

A
) 3

5
A

A
C

(A
C

G
C

) 4
…

(C
A

) 3
A

(A
C

C
C

) 3
(A

C
) 3
…

(A
C

C
C

) 3
(A

C
) 6
…

(A
C

) 7
(G

C
) 3
…

1
C

o
m

p
o

u
n

d
im

p
er

fe
ct

,

1
im

p
er

fe
ct

,
2,

C
o

m
p

o
u

n
d

p
er

fe
ct

32
1

P
4

42
A

F
36

00
52

T
U

M
X

L
v8

.2
c

F
:

C
C

T
C

C
T

G
T

C
C

A
T

T
C

A
G

C
A

G
…

(A
T

) 3
…

(A
T

) 3
…

(A
T

) 3
…

(A
T

) 3
…

(A
T

) 3
…

(A
C

) 3
…

(A
T

) 3
10

P
er

fe
ct

24
4

P
9

83
A

F
36

00
70

R
G

G
T

C
A

G
A

T
A

T
G

T
A

T
T

C
G

A
G

T
R

C
G

G
…

(A
T

) 3
…

(A
T

) 3
…

(A
T

) 3

T
U

M
X

L
v8

.9
F
:

C
C

C
T

T
T

C
G

A
T

T
G

A
A

A
C

C
A

A
C

R
:

G
G

A
G

T
T

G
C

G
C

T
A

A
G

T
T

A
A

T
T

C
C

…
(A

T
) 3

G
T

G
(T

A
) 3
…

(G
A

A
) 4
…

(A
A

T
) 3
…

(T
C

) 3
…

(T
A

A
) 3
…

(T
A

A
) 3
…

(A
A

T
) 3

G
A

C
(A

A
T

) 3
T

(A
T

A
) 3
…

(A
A

T
) 3
…

(T
C

) 3
…

…

1
Im

p
er

fe
ct

,
5

p
er

fe
ct

,
1

im
p

er
fe

ct
,

2
p

er
fe

ct

25
1

P
4

42
A

F
36

00
89

T
U

M
X

L
v8

.1
1d

…
(T

A
A

C
C

) 9
…

(T
A

A
C

C
) 3
…

6
P

er
fe

ct
A

F
36

00
58

(T
A

A
C

C
) 6
…

(T
A

A
C

C
) 3
…

(T
A

A
C

C
) 7
…

(T
A

A
C

C
) 3
…

T
U

M
X

L
v8

.2
5

F
:

A
T

T
C

T
T

T
G

T
G

T
T

T
C

T
T

C
G

C
C

…
(C

A
) 3
…

f (G
T

) 5
…

(G
T

) 3
…

3
P

er
fe

ct
11

3
P

2
80

A
F

36
00

75

R
:

C
G

T
C

C
C

T
G

A
A

A
C

T
T

T
A

T
C

T
C

C

T
U

M
X

L
v8

.3
2

F
:

T
T

A
C

C
G

C
C

T
A

A
G

A
G

C
G

A
A

T
G

…
(C

A
) 3
…

(T
A

) 4
…

2
P

er
fe

ct
22

0
P

8
67

A
F

36
00

80

R
:

T
G

T
C

C
T

T
T

C
G

T
A

C
C

A
G

T
C

A
A

G

T
U

M
X

L
v8

.3
7d

…
(T

A
A

C
C

) 4
(T

A
A

C
A

) 3
…

(T
A

A
C

C
) 3
…

1
C

o
m

p
o

u
n

d
p

er
fe

ct
,

1
p

er
fe

ct
A

F
36

00
85

T
U

M
X

L
v8

.6
7c

F
:

A
G

A
G

T
C

C
T

T
G

G
T

G
A

G
T

A
G

C
…

(T
C

) 3
A

C
C

(C
T

) 3
…

(C
T

) 3
T

T
A

(T
C

) 3
…

(T
C

) 4
…

(T
C

) 3
…

2
Im

p
er

fe
ct

,
6

p
er

fe
ct

,
1

im
p

er
fe

ct
35

3
N

A
F

36
00

86

R
:

G
A

G
C

G
A

T
A

G
A

G
T

G
C

A
A

T
A

A
A

G
(T

C
) 4
…

(T
C

) 6
…

F
(T

C
) 4
…

(T
C

) 3
…

(T
C

) 1
1
T

T
T

T
C

T
A

T
A

(T
C

) 1
1

T
U

M
X

L
v8

.7
7c

F
:

T
G

C
G

A
G

T
G

C
T

A
T

G
A

A
T

A
C

T
G

R
:

A
T

G
T

A
T

A
A

A
T

G
T

C
A

G
C

G
C

A
C

…
(A

C
) 5
…

(A
C

) 5
(A

T
) 4

G
A

(G
T

) 4
A

T
T

(T
A

) 3
(T

G
) 3

C
G

(T
G

) 3
…

(C
A

) 3
…

(A
C

) 3
G

T
G

(T
A

) 3
…

(T
G

) 3
G

A
A

A
T

A
T

G
(T

A
) 3
…

(T
A

) 4
T

G
(T

A
) 4
…

(A
T

) 3
A

C
(a

t)
3
gc

(a
t)

2
3
…

(T
A

) 3
C

A
T

A
T

T
C

A
T

A
T

T
G

A
T

A
T

G
N

(A
T

) 4
G

C
(G

T
) 3
…

(A
C

) 3

1
P

er
fe

ct
,

1
co

m
p

o
u

n
d

im
p

er
fe

ct
,

1
p

er
fe

ct
,

2
co

m
p

o
u

n
d

im
p

er
fe

ct
,

2
im

p
er

fe
ct

,
1

co
m

p
o

u
n

d

im
p

er
fe

ct
,

1
p

er
fe

ct

18
6

N
A

F
36

00
87

316 Dawn Meehan et al.



T
U

M
X

L
v8

.7
9d

…
(T

A
A

C
C

) 6
…

(T
A

A
C

C
) 3
…

2
P

er
fe

ct
A

F
36

00
88

T
U

M
X

L
v8

.1
23

F
:

T
T

T
G

C
A

C
C

A
G

T
T

C
T

G
A

A
A

G
G

…
(A

G
) 3

(A
A

T
) 6

(T
A

T
) 5

C
(A

T
T

) 4
A

T
C

(A
T

T
) 4

(A
T

A
) 1

4
…

1
C

o
m

p
o

u
n

d
im

p
er

fe
ct

,
1

p
er

fe
ct

26
8

P
6

25
A

F
36

00
59

R
:

C
T

A
T

G
C

A
T

C
C

C
A

T
T

T
G

T
A

A
C

G
(C

A
) 3
…

T
U

M
X

L
v8

.1
27

c
…

(C
T

) 6
(C

T
T

T
) 3

T
T

T
C

T
C

C
C

T
C

A
A

(T
C

) 1
7
T

T
C

o
m

p
o

u
n

d
im

p
er

fe
ct

A
F

36
00

60

(T
A

) 1
5
T

N
(T

G
) 2

4

T
U

M
X

L
v8

.1
49

c
…

(C
T

) 4
9

P
er

fe
ct

A
F

36
00

61

T
U

M
X

L
v8

.1
73

c
…

(C
T

T
T

) 3
{(

[(
T

) 3
A

A
T

C
G

T
T

C
G

(T
) 4

(C
T

T
T

) 3
] 2

T
C

A
A

T
C

G
1

C
o

m
p

o
u

n
d

im
p

er
fe

ct
,

1
p

er
fe

ct
A

F
36

00
62

T
T

C
G

(T
4
)(

C
T

T
T

) 4
} 2
…

(C
T

T
T

) 3
…

T
U

M
X

L
v8

.1
76

F
:

G
C

A
A

C
G

C
A

A
T

A
T

A
G

C
T

C
…

(A
T

) 3
…

(G
T

) 3
…

2
P

er
fe

ct
16

8
P

3
50

A
F

36
00

63

R
:

T
C

A
A

G
G

G
A

A
C

A
A

A
G

T
C

A
A

G

T
U

M
X

L
v8

.1
77

F
:

T
C

T
C

T
T

A
A

G
G

T
A

C
C

C
C

T
G

…
(T

C
) 4
…

f (T
C

T
) 3
…

(C
T

T
) 3
…

(C
C

T
) 4

C
A

(T
T

C
) 9

C
T

C
T

T
C

T
3

P
er

fe
ct

,
1

im
p

er
fe

ct
,

2
p

er
fe

ct
14

4
M

1
A

F
36

00
64

R
:

C
A

A
G

A
A

C
A

A
G

A
A

A
G

A
G

A
A

G
G

(T
C

C
) 3
…

(C
C

T
) 4
…

(T
C

C
) 4
…

T
U

M
X

L
v8

.1
79

F
:

C
G

C
A

T
T

T
C

A
A

G
T

G
C

T
C

A
A

G
G

…
(T

G
G

) 3
…

(A
T

) 4
…

(T
T

T
T

A
) 3
…

(T
A

T
) 6
…

4
P

er
fe

ct
21

1
P

3
90

A
F

36
00

65

R
:

T
C

A
T

G
C

G
C

T
A

T
T

G
T

G
G

A
C

A
G

T
U

M
X

L
v8

.1
82

d
…

(T
A

A
C

C
) 8
…

(T
A

A
C

C
) 3
…

2
P

er
fe

ct
A

F
36

00
66

T
U

M
X

L
v8

.1
84

F
:

T
T

C
A

A
A

C
T

A
C

G
A

C
C

A
G

A
G

C
…

(T
A

) 4
…

(C
A

) 3
C

T
(C

A
) 4

T
G

(C
A

) 1
6
A

(A
C

) 3
(A

T
) 3
…

1
P

er
fe

ct
,

1
co

m
p

o
u

n
d

im
p

er
fe

ct
25

0
P

6
50

A
F

36
00

67

R
:

T
G

T
A

A
A

T
A

T
C

A
C

A
C

G
C

G
G

T
U

M
X

L
v8

.1
90

c
F
:

T
C

A
A

A
C

G
T

T
C

A
T

G
T

T
C

T
G

A
C

…
(A

C
) 3
…

(T
C

) 2
4

2
P

er
fe

ct
60

M
1

A
F

36
00

68

R
:

G
A

T
A

C
C

G
T

T
C

G
T

A
C

A
A

A
G

A
A

G

T
U

M
X

L
v8

.1
93

F
:

G
A

T
G

T
A

C
A

C
A

A
C

T
G

T
A

C
T

T
C

G
…

(A
T

) 3
…

P
er

fe
ct

16
9

P
9

86
A

F
36

00
69

R
:

G
A

G
A

T
G

A
T

A
A

G
A

G
A

A
C

G
A

A
A

G

T
U

M
X

L
v8

.2
16

F
:

G
C

T
A

T
C

C
T

C
A

T
C

C
T

C
A

T
T

A
C

…
(A

T
T

) 5
A

T
C

A
T

T
A

T
A

C
(T

T
A

) 3
A

A
(A

T
T

) 3
…

2
Im

p
er

fe
ct

,
1

p
er

fe
ct

30
0

P
9

75
A

F
36

00
71

R
:

G
A

T
G

G
T

G
T

T
A

T
C

A
A

T
G

G
C

(A
T

T
) 3

A
C

(T
A

T
) 3
…

(A
T

T
) 3
…

T
U

M
X

L
v8

.2
20

F
:

G
A

T
G

T
G

G
T

T
G

A
T

G
A

A
G

T
G

A
T

G
…

(T
A

) 4
T

G
(T

A
) 3

(C
A

) 3
(C

G
C

A
) 3

(C
T

C
A

) 6
…

2
C

o
m

p
o

u
n

d
im

p
er

fe
ct

26
1

P
11

75
A

F
36

00
72

R
:

C
G

C
A

T
T

A
T

C
T

A
A

A
T

G
G

C
A

A
G

(C
A

) 3
(C

G
C

A
) 3

(C
A

) 3
3
T

T
(T

A
) 5

C
A

(T
A

) 3
C

A
(T

A
) 3
…

T
U

M
X

L
v8

.2
24

F
:

T
C

G
T

G
C

G
G

T
G

A
A

A
T

A
T

A
G

G
C

…
(C

A
C

) 3
…

(C
T

) 3
…

(A
T

) 4
…

(A
C

) 3
…

(T
G

) 3
…

5
P

er
fe

ct
30

0
P

2
73

A
F

36
00

73

R
:

T
G

A
A

T
G

T
C

C
C

G
T

T
G

A
T

T
G

A
C

T
U

M
X

L
v8

.2
44

F
:

G
A

G
A

C
G

G
C

A
C

C
A

A
A

A
T

T
A

G
T

C

R
:

T
T

C
A

T
A

T
G

T
C

G
T

C
C

T
C

G
C

T
G

…
(A

T
) 3
…

(T
C

) 5
…

(T
C

) 6
…

(T
C

) 1
5
(T

A
) 2

5
…

(T
C

) 7
…

3
P

er
fe

ct
,

1
co

m
p

o
u

n
d

p
er

fe
ct

,

1
p

er
fe

ct

29
5

P
5

57
A

F
36

00
74

T
U

M
X

L
v8

.2
56

F
:

G
G

A
C

T
C

A
C

A
C

T
T

C
T

G
G

T
T

C
…

(A
A

T
) 4
…

P
er

fe
ct

16
6

P
6

67
A

F
36

00
76

R
:

G
G

C
T

G
C

A
C

C
T

T
G

T
A

A
G

T
C

T
U

M
X

L
v8

.2
76

c
F
:

T
A

T
C

T
T

C
T

T
C

A
A

C
T

C
G

A
T

G
G

…
(A

T
) 3
…

(A
T

) 3
…

(G
T

G
) 3
…

(T
C

) 6
…

(C
T

) 3
T

T
T

(T
C

) 3
T

(T
C

) 3
1
4

P
er

fe
ct

,
1

im
p

er
fe

ct
70

N
A

F
36

00
77

R
:

G
A

A
T

A
A

C
A

G
A

C
A

T
G

A
C

A
C

T
G

A
C

T
U

M
X

L
v8

.2
78

d
…

(T
A

A
C

C
) 4
…

(T
A

A
C

C
) 3
…

(T
A

A
C

C
) 7
…

(T
A

A
C

C
) 3
…

4
P

er
fe

ct
A

F
36

00
78

T
U

M
X

L
v8

.3
07

…
(C

T
) 3
…

(T
C

) 5
…

(T
C

) 3
…

(C
T

) 3
…

(T
C

) 3
…

5
P

er
fe

ct
A

F
36

00
79

T
U

M
X

L
v8

.3
24

F
:

T
C

A
G

T
A

T
T

A
T

T
A

A
C

A
T

C
G

T
C

A
C

T
G

T
T

C
…

(T
A

T
) 5

C
A

C
(T

A
T

) 3
…

(C
A

T
) 3
…

(T
A

T
) 3
…

1
Im

p
er

fe
ct

,
2

p
er

fe
ct

19
9

P
4

60
A

F
36

00
81

R
:

T
G

G
T

G
A

T
A

A
T

G
A

A
A

A
A

G
A

T
G

G
T

G

C
o
n
ti
n
u
ed

Polymorphic Microsatellites in P. vannamei Shrimp 317



T
ab

le
2.

C
o

n
ti

n
u

ed

M
ic

ro
sa

te
ll

it
e

cl
o

n
es

a

F
o

rw
ar

d
&

R
ev

er
se

P
ri

m
er

s

(5
¢fi

3¢
)

R
ep

ea
t

m
o

ti
fs

b
C

at
eg

o
ry

(W
eb

er
,

19
90

)

E
xp

ec
te

d

si
ze

(b
p

)
P

e

#
o

f

al
le

le
s

%
H

h o

G
en

B
an

k

A
cc

es
si

o
n

#

T
U

M
X

L
v8

.3
27

F
:

G
G

T
A

A
G

T
G

G
T

C
A

T
C

A
C

G
C

R
:

G
A

G
C

T
G

G
T

G
A

T
G

G
A

T
G

A
G

…
(G

C
) 4

(A
C

G
C

) 4
…

(C
A

C
T

) 3
T

A
T

(A
C

T
C

) 2
1
(A

C
) 3

9
…

(C
G

) 3
…

…
1

C
o

m
p

o
u

n
d

p
er

fe
ct

,
1

co
m

p
o

u
n

d

im
p

er
fe

ct
,

1
p

er
fe

ct

27
9

P
8

36
A

F
36

00
82

T
U

M
X

L
v8

.3
32

F
:

G
T

C
T

G
G

A
T

G
A

A
T

G
G

A
G

A
G

C
G

(C
T

) 3
…

(C
T

) 6
…

(T
C

) 3
…

(C
T

T
T

) 3
…

(T
C

) 3
…

8
P

er
fe

ct
27

2
P

6
50

A
F

36
00

83

R
:

A
T

A
A

A
A

G
A

G
A

A
A

G
A

G
A

G
A

G
(C

T
C

T
T

T
) 3
…

(C
T

C
T

T
T

) 8
…

f (T
C

) 9
…

T
U

M
X

L
v8

.3
42

c
…

(A
T

) 2
8

P
er

fe
ct

A
F

36
00

84

T
U

M
X

L
v9

.6
…

(A
C

) 7
T

C
(A

C
) 1

1
A

A
(A

C
) 4

2
T

C
(A

C
) 3

T
C

(A
C

) 1
0
…

Im
p

er
fe

ct
A

F
36

01
10

T
U

M
X

L
v9

.8
…

(G
A

) 3
…

P
er

fe
ct

A
F

36
01

13

T
U

M
X

L
v9

.1
8c

…
(T

C
) 3
…

(T
G

) 4
T

C
(T

G
) 7

C
G

(T
G

) 1
5

1
P

er
fe

ct
,

1
im

p
er

fe
ct

A
F

36
01

06

T
U

M
X

L
v9

.2
8

F
:

C
T

T
C

A
C

C
T

C
C

C
C

T
C

T
C

A
C

A
C

…
(C

C
T

) 3
…

(A
T

C
) 3
…

(C
T

) 3
…

(C
T

T
T

T
) 3

T
T

T
(C

T
T

) 3
…

3
P

er
fe

ct
1

co
m

p
o

u
n

d
im

p
er

fe
ct

15
5

P
6

46
A

F
36

01
08

R
:

C
A

A
T

C
A

T
C

A
C

C
G

G
T

C
C

T
A

C
C

T
U

M
X

L
v9

.4
3c

F
:

G
A

G
A

G
C

A
A

A
T

A
A

G
A

A
A

G
G

G
C

R
:

A
G

G
A

T
G

C
A

A
A

T
G

A
T

A
A

C
G

A
G

…
(T

G
) 4

C
(G

T
) 4

T
C

(G
T

) 6
(G

C
) 3
…

(G
T

) 3
T

T
A

(T
G

) 4
…

(G
G

A
) 3

f (G
A

) 3
…

(C
T

) 3
C

C
(C

T
) 3

C
C

(C
C

C
T

) 6
(C

T
) 1

0
…

(T
C

) 6
…

(T
C

) 3

1
C

o
m

p
o

u
n

d
im

p
er

fe
ct

,
1

im
p

er
fe

ct
,

2
p

er
fe

ct
,

1
im

p
er

fe
ct

,
2

p
er

fe
ct

21
9

P
11

75
A

F
36

01
09

T
U

M
X

L
v9

.6
0

F
:

G
G

C
C

A
A

G
T

T
T

A
C

A
A

T
G

A
C

…
(C

A
) 3
…

(T
A

) 4
…

(C
A

) 3
…

(C
T

) 3
…

(C
A

) 3
…

(A
C

) 6
…

(C
A

) 4
T

6
P

er
fe

ct
,

1
im

p
er

fe
ct

,
2

p
er

fe
ct

30
0

P
2

25
A

F
36

01
11

R
:

G
C

A
A

G
G

T
A

T
G

T
T

T
A

G
T

G
A

T

(A
C

) 6
A

A
T

(C
A

) 3
T

(A
C

) 5
A

T
T

(C
A

) 3
T

(A
C

) 6
T

(C
A

) 4
T

A
T

(A
C

) 5
A

A
T

(C
A

) 3
…

(A
A

T
) 3
…

(T
A

A
A

) 3
…

T
U

M
X

L
v9

.7
7

F
:

C
C

A
T

T
G

A
T

G
T

T
G

C
A

T
C

T
G

A
G

C
…

(A
G

) 4
…

(A
T

) 3
…

(A
T

A
) 3
…

3
P

er
fe

ct
20

6
P

7
67

A
F

36
01

12

R
:

C
G

G
A

A
G

A
A

G
C

A
A

C
T

A
C

G
A

G
G

T
U

M
X

L
v9

.9
0

F
:

G
A

C
C

A
A

A
G

G
A

T
A

T
T

G
G

C
T

C
G

…
(G

A
) 3
…

(G
A

) 3
…

(G
A

) 9
…

3
P

er
fe

ct
29

5
P

5
64

A
F

36
01

14

R
:

G
T

A
A

T
C

A
G

G
A

G
A

T
G

G
T

C
C

G
C

T
U

M
X

L
v9

.9
3

F
:

C
A

C
C

A
C

C
G

A
A

A
A

G
G

T
A

G
G

A
G

…
(T

G
) 5

A
T

G
(G

T
) 4
…

(A
G

) 9
…

1
Im

p
er

fe
ct

,
1

p
er

fe
ct

28
3

P
7

50
A

F
36

01
15

R
:

T
G

G
G

A
G

A
G

G
T

T
A

G
T

C
A

T
G

G
G

T
U

M
X

L
v9

.9
9d

F
:

C
G

A
A

A
T

T
T

G
G

A
G

T
C

T
C

A
T

G
G

…
(T

A
A

C
C

) 1
0
…

(T
A

A
C

C
) 3
…

2
P

er
fe

ct
12

7
N

A
F

36
01

16

R
:

G
G

T
T

A
C

A
G

T
A

C
C

T
G

C
A

A
T

T
T

G
G

T
U

M
X

L
v9

.1
03

F
:

C
A

C
C

A
A

A
A

C
G

A
A

C
G

A
A

A
C

G
…

(G
A

) 3
…

(T
C

) 1
1
…

2
P

er
fe

ct
21

6
P

4
75

A
F

36
00

90

R
:

G
G

A
T

A
A

A
A

A
C

G
A

A
T

T
G

T
A

T
A

C
C

G

T
U

M
X

L
v9

.1
05

…
(C

A
) 6

A
A

(C
A

) 3
A

A
(C

A
) 5

5
…

(A
T

) 3
…

(A
T

) 3
…

1
Im

p
er

fe
ct

,
2

p
er

fe
ct

A
F

36
00

91

T
U

M
X

L
v9

.1
07

c,
d

…
(T

A
A

C
C

) 4
…

(T
A

A
C

C
) 3
…

2
P

er
fe

ct
A

F
36

00
92

T
U

M
X

L
v9

.1
13

c
…

(T
G

) 1
6

P
er

fe
ct

A
F

36
00

93

T
U

M
X

L
v9

.1
16

F
:

G
A

T
G

A
C

C
T

G
C

C
T

T
T

C
T

C
T

G
C

R
:

G
G

G
A

G
A

G
A

T
G

A
T

G
G

G
A

A
G

A
A

G

…
(T

T
C

) 3
…

(C
T

T
) 3
…

(C
T

) 3
…

(C
T

T
) 3
…

(G
T

) 3
T

(T
C

C
) 3
…

(T
C

C
) 3
…

(C
T

) 3
…

4
P

er
fe

ct
,

1
co

m
p

o
u

n
d

im
p

er
fe

ct
,

2
p

er
fe

ct

14
6

P
7

67
A

F
36

00
94

318 Dawn Meehan et al.



T
U

M
X

L
v9

.1
17

F
:

C
A

T
C

T
G

T
T

T
A

A
C

A
C

G
G

C
A

A
C

…
(A

T
) 4
…

(T
A

) 5
…

2
P

er
fe

ct
21

6
N

A
F

36
00

95

R
:

G
A

C
C

C
T

G
C

A
A

T
T

T
T

T
A

G
T

G
A

T
U

M
X

L
v9

.1
36

F
:

C
A

A
G

C
C

A
T

A
G

G
G

A
A

G
A

A
T

C
T

G
…

(T
A

) 3
…

(T
A

) 3
…

(T
A

) 2
3
C

A
(T

A
) 3
…

2
P

er
fe

ct
,

1
im

p
er

fe
ct

21
3

P
6

57
A

F
36

00
96

R
:

C
G

C
G

T
T

T
C

T
T

G
G

T
T

C
C

T
T

A

T
U

M
X

L
v9

.1
44

F
:

C
C

A
A

A
A

T
C

A
T

C
A

C
C

A
T

T
A

C
C

R
:

T
T

G
A

C
A

A
C

G
A

T
T

A
C

C
T

T
C

A
C

…
(T

C
C

) 6
…

(A
T

C
) 8
…

(A
T

T
) 4

A
C

C
(A

T
T

A
T

C
) 3
…

(A
T

T
A

T
C

) 3
…

(T
C

A
) 5

C
(C

A
T

) 3
…

(T
G

A
) 3

T
A

A
(T

G
A

) 3
…

(T
A

A
) 3
…

(A
T

A
) 4
…

(A
T

T
) 6

A
C

C
(A

T
T

) 9
…

(T
T

A
) 3
…

(C
A

T
) 7

A
A

T
(C

A
C

) 4
…

2
P

er
fe

ct
,

1
co

m
p

o
u

n
d

im
p

er
fe

ct
,

1
p

er
fe

ct
,

2
im

p
er

fe
ct

,
2

p
er

fe
ct

,

1
im

p
er

fe
ct

,
1

p
er

fe
ct

,
1

co
m

p
o

u
n

d

im
p

er
fe

ct

14
4

P
11

80
A

F
36

00
97

T
U

M
X

L
v9

.1
45

F
:

G
A

G
A

A
G

A
G

G
C

T
G

C
T

T
T

G
T

C
G

…
(T

A
) 3

C
A

A
(A

T
) 3
…

Im
p

er
fe

ct
27

8
P

2
67

A
F

36
00

98

R
:

T
G

A
C

T
T

T
G

A
A

C
T

G
G

T
G

T
G

C
G

T
U

M
X

L
v9

.1
49

F
:

C
T

G
G

G
A

A
T

A
T

C
C

C
A

T
G

A
A

G
G

…
(T

A
) 3
…

(T
A

) 3
…

2
P

er
fe

ct
24

9
P

3
78

A
F

36
00

99

R
:

G
A

C
A

G
C

A
G

A
G

A
A

A
C

T
G

A
C

T
G

C

T
U

M
X

L
v9

.1
51

F
:

C
A

T
T

G
T

T
A

G
C

A
T

G
A

T
T

G
C

A
C

A
G

…
(A

T
) 3
…

(C
T

) 4
…

2
P

er
fe

ct
19

9
M

1
A

F
36

01
00

R
:

C
G

T
A

A
A

A
C

A
A

A
T

C
G

A
A

A
T

G
G

G

T
U

M
X

L
v9

.1
58

F
:

C
A

A
T

G
C

C
T

G
T

T
A

A
G

C
A

A
A

C

R
:

C
G

C
T

A
T

IT
A

A
G

C
G

A
G

T
G

T
G

…
(C

A
) 3
…

(G
T

) 3
A

T
G

T
A

G
(G

T
) 6
…

(T
C

) 5
…

(T
C

) 1
8
T

T
T

(T
A

T
C

) 3
…

f (A
C

) 4
…

1
P

er
fe

ct
,

1
im

p
er

fe
ct

,
1

p
er

fe
ct

,

1
co

m
p

o
u

n
d

im
p

er
fe

ct
,

1
p

er
fe

ct

24
5

N
A

F
36

01
01

T
U

M
X

L
v9

.1
61

F
:

G
C

G
A

G
A

G
A

A
C

A
C

A
T

G
A

C
C

…
(C

A
) 4

C
G

C
A

C
G

(C
A

) 1
9
C

G
(C

A
) 9

C
G

(C
A

) 5
C

G
(C

A
) 5

7
2

Im
p

er
fe

ct
29

2
P

4
67

A
F

36
01

02

R
:

C
G

G
A

A
T

G
T

A
A

T
A

T
T

T
C

C
C

A
C

(C
G

C
A

) 3
(C

A
) 2

C
G

(C
A

) 1
1
…

(T
A

) 2
9
C

A
(T

A
) 2

C
A

(T
A

) 5
…

T
U

M
X

L
v9

.1
73

F
:

T
C

A
T

A
C

A
C

C
T

G
G

A
C

T
T

A
T

G
C

…
(G

A
A

) 3
…

(C
T

C
) 5
…

(C
C

T
) 3
…

(C
C

T
) 3
…

4
P

er
fe

ct
16

2
N

A
F

36
01

03

R
:

C
C

T
T

T
C

C
A

C
A

C
T

T
T

A
A

G
A

G
G

T
U

M
X

L
v9

.1
74

F
:

C
A

C
A

T
C

A
T

G
T

C
A

C
T

G
C

T
A

C
G

A
C

…
(A

T
) 3
…

P
er

fe
ct

23
4

P
2

10
0

A
F

36
01

04

R
:

G
C

T
G

C
A

C
A

A
T

C
A

A
C

T
T

G
C

T
T

A
C

T
U

M
X

L
v9

.1
78

F
:

C
A

T
T

G
A

A
A

A
C

G
G

A
A

T
C

C
T

C
G

…
(G

C
) 3
…

(C
T

) 5
…

2
P

er
fe

ct
19

6
P

3
75

A
F

36
01

05

R
:

G
A

T
A

T
T

C
C

C
A

T
C

A
A

C
A

C
A

G
C

G

T
U

M
X

L
v9

.1
82

F
:

A
G

T
A

T
C

A
T

T
A

T
C

A
T

T
G

C
C

G
C

R
T

T
A

C
T

G
A

A
C

C
G

T
A

C
T

G
A

T
T

G
C

…
(A

T
T

) 3
…

(T
G

) 3
…

(A
T

T
) 4
…

(T
T

A
) 3
…

(C
T

A
) 3

(A
T

G
) 3
…

(A
T

A
) 3

T
A

A
T

A
C

(C
T

A
) 3
…

4
P

er
fe

ct
,

1
co

m
p

o
u

n
d

p
er

fe
ct

,

1
co

m
p

o
u

n
d

im
p

er
fe

ct

17
6

P
4

50
A

F
36

01
07

T
U

M
X

L
v1

0.
2

F
:

T
C

C
A

A
A

C
T

G
T

C
C

A
A

T
A

A
A

C
C

…
(G

A
G

) 3
…

(T
A

) 3
…

(G
T

) 3
…

(A
T

) 3
…

4
P

er
fe

ct
18

4
N

A
F

35
99

57

R
T

T
T

A
A

T
A

T
T

G
C

A
C

C
C

C
T

C
C

T
U

M
X

L
v1

0.
7c

F
:

G
T

G
T

A
A

T
C

C
T

T
C

C
G

C
T

T
T

C
G

…
(A

T
) 3
…

(C
A

) 3
…

(A
T

) 3
(G

T
) 1

8
2

P
er

fe
ct

,
1

co
m

p
o

u
n

d
p

er
fe

ct
22

2
M

1
A

F
36

00
14

R
:

T
G

C
A

T
G

T
G

T
A

A
T

G
A

T
G

C
T

G
A

A
G

T
U

M
X

L
v1

0.
14

F
:

C
A

G
T

C
T

A
C

A
C

G
C

A
C

A
G

G
C

A
C

…
(C

A
) 3

5
…

(C
A

) 3
…

(C
C

G
) 3
…

3
P

er
fe

ct
26

0
P

4
57

A
F

35
99

47

R
:

T
T

A
T

A
C

G
G

C
G

G
T

T
C

T
C

T
T

G
G

T
U

M
X

L
v1

0.
27

F
:

G
A

T
C

G
G

A
A

A
G

G
A

C
C

G
A

T
A

C
…

(A
C

) 4
…

(A
C

) 7
…

(T
A

) 3
A

T
T

A
C

A
A

(A
C

) 3
A

T
(A

C
) 3

A
A

G
2

P
er

fe
ct

,
1

im
p

er
fe

ct
26

5
P

3
20

A
F

35
99

79

R
:

C
A

A
T

G
G

G
A

A
T

T
T

C
G

C
A

A
G

A
C

(C
A

) 4
T

A
(C

A
) 3

T
A

C
A

C
G

(T
A

) 3
…

C
o
n
ti
n
u
ed

Polymorphic Microsatellites in P. vannamei Shrimp 319



T
ab

le
2.

C
o

n
ti

n
u

ed

M
ic

ro
sa

te
ll

it
e

cl
o

n
es

a

F
o

rw
ar

d
&

R
ev

er
se

P
ri

m
er

s

(5
¢fi

3¢
)

R
ep

ea
t

m
o

ti
fs

b
C

at
eg

o
ry

(W
eb

er
,

19
90

)

E
xp

ec
te

d

si
ze

(b
p

)
P

e

#
o

f

al
le

le
s

%
H

h o

G
en

B
an

k

A
cc

es
si

o
n

#

T
U

M
X

L
v1

0.
28

c
…

(A
T

T
) 3

G
(T

T
A

) 3
G

C
G

(T
C

A
T

T
A

T
T

A
) 3
…

(T
T

A
) 4
…

(A
T

T
) 3
…

(A
T

T
) 4
…

(A
T

T
) 4

A
C

T
A

T
T

A
C

C
(A

T
T

) 4
…

(T
T

A
) 3

1
C

o
m

p
o

u
n

d
im

p
er

fe
ct

,
3

p
er

fe
ct

,

1
im

p
er

fe
ct

,
1

p
er

fe
ct

A
F

35
99

81

T
U

M
X

L
v1

0.
33

F
:

C
G

A
A

G
A

G
A

T
T

T
A

T
C

C
A

G
G

G
…

(T
T

C
) 3
…

(A
T

A
) 3
…

(A
A

T
) 3
…

(A
A

T
) 4
…

(G
A

) 3
…

(A
T

C
) 3
…

6
P

er
fe

ct
25

7
P

7
55

A
F

35
99

92

R
:C

G
T

G
C

A
T

T
A

T
T

A
T

C
C

T
T

T
C

C

T
U

M
X

L
v1

0.
41

F
:

C
T

G
C

T
A

T
T

G
T

T
A

T
C

T
T

G
T

C
A

C
…

(T
T

G
) 3
…

(A
G

) 4
3
…

(G
A

) 3
…

3
P

er
fe

ct
19

8
M

1
A

F
36

00
03

R
:C

T
A

T
G

A
T

A
A

C
G

A
T

A
G

T
C

A
T

G

T
U

M
X

L
v1

0.
44

F
:

A
T

G
T

C
C

C
A

T
T

C
C

C
A

A
T

T
C

A
G

…
(C

T
) 4

4
…

(T
G

) 3
G

(G
T

) 3
…

(G
T

) 4
…

(A
C

) 4
…

(G
A

) 5
…

1
P

er
fe

ct
,

1
im

p
er

fe
ct

,
3

p
er

fe
ct

14
2

P
4

0
A

F
36

00
05

R
:A

G
T

C
G

C
T

A
T

T
T

G
T

C
G

C
G

C
C

T

T
U

M
X

L
v1

0.
47

c
…

(A
T

) 4
A

C
(A

T
) 1

6
Im

p
er

fe
ct

A
F

36
00

08

T
U

M
X

L
v1

0.
55

c
…

(A
T

T
) 3

C
(T

A
T

) 3
…

(A
G

) 3
4

1
Im

p
er

fe
ct

,
1

p
er

fe
ct

A
F

36
00

11

T
U

M
X

L
v1

0.
62

F
:

C
T

C
G

T
A

A
A

C
A

T
C

G
C

A
A

A
A

C

R
:

A
G

G
A

A
G

G
A

A
G

A
A

A
A

A
T

A
G

G
G

…
(A

T
) 5
…

(C
T

) 3
T

T
(G

T
) 3
…

(C
T

T
T

) 3
…

(G
T

) 3
…

(C
T

T
T

) 4
…

(G
T

) 3
…

(C
T

T
T

) 3
(G

T
) 4
…

(C
T

T
T

) 5
…

1
P

er
fe

ct
,

1
co

m
p

o
u

n
d

im
p

er
fe

ct
,

4
p

er
fe

ct
,

1
co

m
p

o
u

n
d

p
er

fe
ct

,

1
p

er
fe

ct

21
9

P
4

10
0

A
F

36
00

12

T
U

M
X

L
v1

0.
68

F
:

G
C

A
G

T
A

C
A

T
C

T
G

C
A

T
C

C
T

T
C

…
(A

A
A

G
) 3
…

P
er

fe
ct

88
N

A
F

36
00

13

R
:

A
T

G
A

G
G

A
A

A
G

C
C

A
A

A
A

G
G

T
U

M
X

L
v1

0.
93

F
:

G
A

C
G

A
A

C
A

G
C

C
A

G
T

C
A

A
C

C
…

(A
T

) 3
…

(T
C

) 4
…

(T
C

) 4
…

(T
C

) 1
4
…

(T
C

) 3
…

5
P

er
fe

ct
28

8
P

4
63

A
F

36
00

15

R
:

G
G

G
G

A
T

A
G

G
G

T
A

G
C

G
G

A
A

G

T
U

M
X

L
v1

0.
96

F
:

G
A

A
T

A
C

G
T

G
G

G
G

A
T

G
C

G
T

A
G

R
:

A
G

G
T

G
G

C
A

A
T

A
A

C
G

T
G

G
A

A
G

…
(G

C
) 4

T
A

A
(T

G
) 4
…

(G
T

) 3
A

T
(G

T
) 2

A
T

(G
T

) 3
…

1
C

o
m

p
o

u
n

d
im

p
er

fe
ct

,

1
im

p
er

fe
ct

23
8

P
2

90
A

F
36

00
16

T
U

M
X

L
v1

0.
11

7
F
:

C
T

C
C

A
G

G
A

C
C

G
A

T
A

A
T

G
A

G
G

…
(T

C
) 3
…

(T
C

G
) 3
…

(T
C

) 2
5

3
P

er
fe

ct
11

8
P

4
50

A
F

35
99

44

R
:

C
G

A
C

A
G

T
C

A
A

A
A

C
A

A
A

C
A

T
C

C

T
U

M
X

L
v1

0.
12

1
F
:

T
A

G
T

A
T

G
C

A
T

A
T

T
G

A
T

G
A

T
T

…
(G

T
) 7

T
(T

G
A

G
),
…

C
o

m
p

o
u

n
d

im
p

er
fe

ct
98

P
2

10
0

A
F

35
99

45

R
:

C
C

T
A

T
A

A
A

A
A

C
C

T
A

N
C

C
T

A

T
U

M
X

L
v1

0.
12

7
…

(A
T

) 1
7
…

(A
T

A
G

) 3
2

P
er

fe
ct

A
F

35
99

46

T
U

M
X

L
v1

0.
14

1
F
:

C
T

A
C

T
T

A
T

C
G

G
T

C
T

T
T

C
T

A
C

T
T

A
C

C

R
:

C
T

T
A

G
T

G
T

T
T

T
G

T
T

C
A

C
C

C
C

…
(A

T
) 3
…

(T
G

) 4
(C

G
) 3
…

(A
C

) 7
(A

C
G

C
) 3

G
C

(A
C

) 2
8
…

(T
G

G
) 3
…

(A
G

) 3
…

(G
T

) 3
…

1
P

er
fe

ct
,

1
co

m
p

o
u

n
d

p
er

fe
ct

,

1
im

p
er

fe
ct

,
3

p
er

fe
ct

20
6

N
A

F
35

99
48

T
U

M
X

L
v1

0.
14

6
F
:

G
T

C
G

A
G

G
C

A
A

A
G

A
G

A
A

G
T

A
G

…
(T

G
) 3
…

(C
T

C
) 3
…

(A
C

) 3
…

3
P

er
fe

ct
12

2
P

5
83

A
F

35
99

49

R
:

T
G

T
G

A
G

A
G

T
G

A
A

A
G

T
G

T
T

G
G

T
U

M
X

L
v1

0.
14

7
F
:

C
T

A
T

C
C

T
T

T
C

C
A

C
C

T
C

C
T

T
C

R
:

G
A

C
C

T
G

G
A

G
G

A
G

A
A

T
A

G
A

G
C

…
(T

C
) 3
…

(T
C

) 3
…

(T
T

C
) 3

C
(T

T
C

) 2
C

T
T

(T
C

) 3
…

(T
C

) 4
…

2
P

er
fe

ct
,

1
co

m
p

o
u

n
d

im
p

er
fe

ct
,

1
p

er
fe

ct

19
4

P
3

58
A

F
35

99
50

320 Dawn Meehan et al.



T
U

M
X

L
v1

0.
15

0c
…

(T
G

) 3
4
…

P
er

fe
ct

A
F

35
99

51

T
U

M
X

L
v1

0.
17

6
F
:

T
T

G
C

G
T

T
T

C
T

G
T

C
C

T
T

T
A

T
G

R
:

A
G

A
A

A
T

G
G

A
G

A
A

C
G

C
A

G
T

A
G

…
(T

C
) 3
…

(G
T

) 4
…

(T
T

C
) 3
…

(T
A

) 4
…

(C
A

) 6
T

C
T

A
T

C
(T

A
) 4
…

(T
G

) 4
(A

C
) 4

6
…

4
P

er
fe

ct
,

1
co

m
p

o
u

n
d

im
p

er
fe

ct
,

1
co

m
p

o
u

n
d

p
er

fe
ct

24
0

P
2

25
A

F
35

99
52

T
U

M
X

L
v1

0.
17

7c
F
:

G
A

T
C

G
T

A
C

C
C

C
G

T
G

A
C

C
C

…
(A

C
C

C
C

C
) 3
…

(G
T

) 3
…

(A
T

A
C

) 3
3

P
er

fe
ct

73
P

2
33

A
F

35
99

53

R
:

T
C

A
A

A
T

A
C

A
C

C
C

C
C

A
A

C
A

C
A

T
U

M
X

L
v1

0.
18

2c
…

(C
A

) 6
T

A
A

(A
C

) 3
A

A
(A

C
) 3
…

(T
A

) 1
9
…

(A
C

) 3
8
N

C
(A

C
) 9

N
C

(A
C

) 1
8
…

(A
T

) 5
2

1
Im

p
er

fe
ct

,
1

p
er

fe
ct

,
1

im
p

er
fe

ct
,

1
p

er
fe

ct

A
F

35
99

54

T
U

M
X

L
v1

0.
18

6
…

(C
T

) 3
…

P
er

fe
ct

A
F

35
99

55

T
U

M
X

L
v1

0.
19

1c
F
:

C
T

C
C

T
T

C
T

C
C

C
T

C
T

C
C

C
A

C
T

…
(T

T
A

) 3
…

(T
C

) 3
…

2
P

er
fe

ct
20

7
P

3
50

A
F

35
99

56

R
:

T
A

T
C

T
C

G
C

C
A

T
C

A
G

G
A

G
A

C
C

T
U

M
X

L
v1

0.
20

0
F
:

G
C

A
A

C
A

G
A

C
A

T
A

A
T

G
T

A
G

G
C

…
(G

C
) 3
…

P
er

fe
ct

10
5

M
1

A
F

35
99

58

R
:

A
A

T
G

C
T

C
G

T
G

C
C

C
T

C
A

T
C

T
U

M
X

L
v1

0.
20

1
F
:

A
T

G
C

T
G

C
A

T
C

A
T

C
T

C
T

G
A

C

R
:

A
G

G
A

A
A

A
G

A
C

G
G

T
G

A
A

A
T

A
G

…
(C

R
C

) 6
T

T
T

C
T

C
T

(T
C

C
) 5
…

(T
T

C
) 3

(C
T

C
) 3
…

(C
T

T
T

) 3
…

(T
C

) 3
(C

T
T

) 3
…

1
Im

p
er

fe
ct

,
1

co
m

p
o

u
n

d
p

er
fe

ct
,

1
p

er
fe

ct
,

1
co

m
p

o
u

n
d

p
er

fe
ct

16
3

P
6

20
A

F
35

99
59

T
U

M
X

L
v1

0.
20

4
F
:

A
C

A
C

T
T

T
A

C
A

A
G

G
A

C
C

A
T

C
G

…
(T

T
A

) 3
…

f (G
T

) 3
…

2
P

er
fe

ct
21

6
P

3
83

A
F

35
99

60

R
:

C
A

C
C

A
A

C
G

A
A

A
A

G
A

A
C

T
A

C
A

G

T
U

M
X

L
v1

0.
20

5
F
:

G
A

A
G

T
T

A
C

C
C

A
A

T
G

T
T

C
G

C
C

…
(A

C
) 3
…

(C
A

) 3
…

(G
A

) 3
…

3
P

er
fe

ct
21

7
M

1
A

F
35

99
61

R
:

T
G

G
A

G
A

A
A

T
G

C
R

G
T

G
G

T
C

T
G

T
U

M
X

L
v1

0.
20

6c
…

(A
T

T
) 3
…

(T
C

) 3
…

2
P

er
fe

ct
A

F
35

99
62

T
U

M
X

L
v1

0.
20

7
F
:

G
A

T
C

A
C

T
A

G
C

C
A

T
A

T
T

T
C

A
T

C
C

…
(T

C
) 3
…

(T
C

) 6
…

2
P

er
fe

ct
97

P
2

67
A

F
35

99
63

R
:

A
T

C
G

C
A

T
A

A
T

G
A

G
C

A
A

A
C

T
G

G

T
U

M
X

L
v1

0.
20

8
F
:

T
G

G
A

G
G

T
C

G
A

G
A

G
G

A
C

A
C

…
(C

G
C

) 4
…

(G
G

T
) 3
…

2
P

er
fe

ct
12

1
P

2
36

A
F

35
99

64

R
:

G
T

T
G

G
C

A
T

C
T

C
A

A
G

A
A

A
A

C

T
U

M
X

L
v1

0.
20

9
F
:

G
G

T
C

T
A

T
T

G
C

A
G

C
T

G
A

T
A

T
C

…
(A

T
) 6

N
T

(A
T

) 4
N

T
(A

T
) 1

2
A

(G
T

) 3
…

C
o

m
p

o
u

n
d

im
p

er
fe

ct
15

1
N

A
F

35
99

65

R
:

G
G

C
T

T
A

G
A

A
T

G
G

G
C

A
G

G
T

T
U

M
X

L
v1

0.
21

3d
…

(T
A

A
C

C
) 7
…

(T
A

A
C

C
) 3
…

2
P

er
fe

ct
A

F
35

99
66

T
U

M
X

L
v1

0.
21

6
F
:

A
T

T
G

T
T

G
C

A
T

T
T

IT
C

C
A

G
G

C
…

(C
T

) 3
…

P
er

fe
ct

24
3

N
A

F
35

99
67

R
:

C
A

A
C

T
C

A
A

A
C

G
A

A
C

A
G

C
C

A
C

T
U

M
X

L
v1

0.
21

8
F
:

G
A

T
C

A
T

T
A

A
T

A
T

A
C

C
A

A
G

T
A

G
T

G
…

(T
A

) 3
…

(T
A

) 3
…

(A
G

) 3
…

3
P

er
fe

ct
29

9
P

3
50

A
F

35
99

68

R
:

G
G

A
C

C
T

C
T

T
T

A
T

G
G

A
G

A
C

G
G

T
U

M
X

L
v1

0.
22

0
F
:

C
G

G
A

G
T

A
A

G
G

T
A

C
G

G
A

C
T

G
…

(G
C

G
) 4
…

P
er

fe
ct

16
3

P
3

55
A

F
35

99
69

R
:

G
T

G
G

A
G

G
T

C
G

A
G

A
G

G
A

C
A

C

T
U

M
X

L
V

10
.2

21
F
:

C
T

C
T

C
G

T
T

G
G

C
T

A
A

A
T

G
A

A
C

…
(T

C
) 3
…

(C
T

) 3
…

(T
T

A
) 3
…

(A
G

) 3
…

4
P

er
fe

ct
21

7
N

A
F

35
99

70

R
:

G
T

A
G

C
A

A
A

C
A

G
C

A
A

T
T

A
G

G
G

T
U

M
X

L
V

10
.2

23
F
:

C
G

T
T

A
C

T
T

T
C

A
T

C
C

T
T

A
T

C
C

R
:

A
A

T
G

A
T

A
A

C
G

G
T

A
A

T
A

A
T

G
G

…
(T

A
T

) 4
(C

A
T

) 3
(T

A
T

) 3
…

(A
T

T
) 3
…

(A
C

T
) 4
…

(A
T

T
) 3

(A
T

C
A

T
T

) 3
A

G
(T

A
T

) 3
…

1
C

o
m

p
o

u
n

d
p

er
fe

ct
,

2
p

er
fe

ct
,

1
im

p
er

fe
ct

12
1

M
1

A
F

35
99

71

C
o
n
ti
n
u
ed

Polymorphic Microsatellites in P. vannamei Shrimp 321



T
ab

le
2.

C
o

n
ti

n
u

ed

M
ic

ro
sa

te
ll

it
e

cl
o

n
es

a

F
o

rw
ar

d
&

R
ev

er
se

P
ri

m
er

s

(5
¢fi

3¢
)

R
ep

ea
t

m
o

ti
fs

b
C

at
eg

o
ry

(W
eb

er
,

19
90

)

E
xp

ec
te

d

si
ze

(b
p

)
P

e

#
o

f

al
le

le
s

%
H

h o

G
en

B
an

k

A
cc

es
si

o
n

#

T
U

M
X

L
v1

0.
22

4
F
:

C
A

T
C

A
G

C
T

G
T

A
T

T
C

C
T

A
C

C
C

…
(T

A
) 3
…

(G
T

T
) 3
…

2
P

er
fe

ct
15

3
N

A
F

35
99

72

R
:

T
A

G
C

C
A

A
A

A
G

T
A

A
A

C
A

T
G

C
C

T
U

M
X

L
v1

0.
22

8
F
:

C
C

C
A

T
C

T
C

T
T

T
C

T
T

T
C

T
C

G
C

…
(C

T
) 3
…

(C
T

) 3
…

(T
C

) 3
G

N
(T

C
) 3
…

(C
T

) 4
…

(C
A

) 3
…

2
P

er
fe

ct
,

1
im

p
er

fe
ct

,
2

p
er

fe
ct

25
5

N
A

F
35

99
73

R
:

G
G

A
A

G
C

G
T

T
G

A
A

A
G

A
T

G
A

A
C

T
U

M
X

L
v1

0.
23

4
F
:

T
G

G
T

C
T

G
A

A
C

A
A

G
A

G
G

A
A

A
G

R
:

G
A

T
T

T
A

G
C

T
G

C
A

T
A

C
C

A
T

G
T

G

…
(C

A
) 3
…

(C
A

) 4
T

(A
C

) 3
(A

C
G

C
A

C
) 7
…

(A
T

) 3
…

(T
A

) 3
…

(A
T

) 3
…

(A
A

T
) 3
…

1
P

er
fe

ct
,

1
co

m
p

o
u

n
d

im
p

er
fe

ct
,

4
p

er
fe

ct

18
0

N
A

F
35

99
74

T
U

M
X

L
v1

0.
23

7
F
:

A
T

T
T

C
C

C
T

A
G

A
T

T
T

T
G

C
C

A
G

…
(T

A
) 3
…

(C
A

T
) 3
…

(T
A

) 3
…

(T
T

A
) 4
…

(A
T

T
) 3
…

5
P

er
fe

ct
15

2
N

A
F

35
99

75

R
:

G
T

G
A

T
T

A
G

G
G

C
G

A
T

A
A

T
G

G

T
U

M
X

L
v1

0.
23

8c
F
:

G
A

T
G

C
A

A
C

T
G

C
IT

T
C

C
T

G
…

(G
T

) 3
…

(G
T

) 3
…

(C
T

T
T

) 3
…

(A
T

) 4
G

T
(A

T
) 3
…

3
P

er
fe

ct
,

2
im

p
er

fe
ct

,
1

p
er

fe
ct

20
7

P
4

75
A

F
35

99
76

R
:

G
G

C
C

A
A

G
A

T
A

A
T

IT
A

T
T

T
C

C
C

(T
G

) 3
T

A
(T

G
) 5
…

(G
T

) 7

T
U

M
X

L
v1

0.
25

5
F
:

C
T

A
A

A
T

A
A

A
T

C
A

C
G

G
G

T
T

G
G

G
…

(A
T

) 3
…

P
er

fe
ct

21
3

P
2

10
0

A
F

35
99

77

R
:

C
C

T
T

C
T

G
G

T
T

T
A

C
T

G
T

T
G

A
G

G
C

T
U

M
X

L
v1

0.
26

4
F
:

G
G

A
C

T
A

T
A

A
T

A
A

C
A

A
T

A
A

T
A

G
C

C
G

T
…

(A
T

T
) 3
…

(T
T

A
) 4
…

2
P

er
fe

ct
19

3
N

A
F

35
99

78

R
:

T
T

A
T

G
A

G
A

G
C

A
A

T
T

C
G

G
A

C
A

A

T
U

M
X

L
v1

0.
27

8c
F
:

C
A

A
G

A
T

G
G

A
A

G
T

G
G

A
T

A
G

T
G

…
(A

T
T

) 3
…

(C
T

) 3
T

C
(C

T
) 6

T
(T

C
) 3
…

(C
T

) 3
C

A
(C

T
) 3
…

1
P

er
fe

ct
,

2
im

p
er

fe
ct

,
3

p
er

fe
ct

21
0

P
5

67
A

F
35

99
80

R
:

A
A

G
A

T
T

C
G

T
A

C
T

A
T

IT
G

C
C

G
(T

C
) 1

7
…

(T
C

) 3
…

(T
C

) 3

T
U

M
X

L
v1

0.
28

3
F
:

A
A

A
A

T
A

T
G

C
C

G
A

T
G

A
C

A
G

G
C

…
(T

G
) 3
…

P
er

fe
ct

14
3

M
1

A
F

35
99

82

R
T

A
G

T
T

A
C

A
C

T
C

G
T

C
G

C
C

C
A

C

T
U

M
X

L
v1

0.
28

4
F
:

T
C

T
T

T
A

A
A

G
G

T
C

A
G

G
T

A
A

A
G

G
…

(A
C

) 3
…

(A
T

) 3
…

2
P

er
fe

ct
20

5
P

3
67

A
F

35
99

83

R
C

G
G

C
C

A
G

A
C

T
C

C
A

C
A

A
C

T
A

C

T
U

M
X

L
v1

0.
28

8d
…

(T
A

A
C

C
) 7
…

P
er

fe
ct

A
F

35
99

84

T
U

M
X

L
v1

0.
29

1
F
:

C
C

C
T

C
A

A
A

C
A

G
T

C
G

C
A

G
T

G
…

(A
T

) 3
…

P
er

fe
ct

14
0

N
A

F
35

99
85

R
G

T
T

G
G

G
T

G
A

G
T

C
T

T
T

A
G

G
C

G

T
U

M
X

L
v1

0.
29

5g
F
:

C
A

T
G

T
T

T
C

C
G

G
T

T
G

T
A

T
A

T
T

C
T

G
…

(G
A

) 4
…

(T
C

T
) 5

C
T

(C
T

G
T

) 1
5
(C

T
) 2

4
(C

A
) 2

3
…

1
P

er
fe

ct
,

1
co

m
p

o
u

n
d

im
p

er
fe

ct
19

2
N

A
F

35
99

86

R
G

T
T

C
A

G
T

A
G

G
T

A
G

G
A

G
T

T
U

M
X

L
v1

0.
30

4
F
:

T
C

T
T

C
C

C
T

C
C

C
C

T
T

G
T

A
A

C
C

…
(G

C
) 3
…

(C
T

) 3
…

(G
C

) 4
…

3
P

er
fe

ct
23

7
M

1
A

F
35

99
87

R
:

C
G

C
T

G
T

C
T

C
A

T
T

C
T

T
C

A
C

C
C

T
U

M
X

L
v1

0.
31

1
F
:

C
A

T
C

C
A

C
T

T
C

T
T

C
T

C
G

T
A

C
C

A
T

C
…

(T
A

) 3
…

(A
G

) 3
…

2
P

er
fe

ct
10

5
M

1
A

F
35

99
88

R
:

T
C

T
C

C
A

T
C

C
A

G
G

T
T

C
T

G
G

G

T
U

M
X

L
v1

0.
31

2
F
:

A
T

A
C

G
A

A
A

C
A

C
C

C
C

A
T

C
C

C
…

(A
G

) 3
0
…

(A
G

) 5
…

2
P

er
fe

ct
17

9
P

2
44

A
F

35
99

89

R
:

G
T

G
G

T
C

T
T

A
C

C
T

C
G

T
G

G
C

T
C

T
U

M
X

L
v1

0.
31

8c
F
:

C
A

T
C

C
T

T
A

T
T

A
T

T
G

A
T

A
C

T
G

T
T

G
C

…
(T

C
) 5
…

f (C
T

) 4
…

(T
C

) 3
1

3
P

er
fe

ct
93

P
3

38
A

F
35

99
90

R
A

A
T

G
T

C
G

A
G

A
T

A
G

G
A

A
G

A
G

322 Dawn Meehan et al.



T
U

M
X

L
v1

0.
32

3c
F
:

C
A

C
C

A
T

T
A

C
T

C
T

T
A

T
C

C
T

T
A

C

R
G

G
A

G
G

T
G

A
T

T
T

T
A

A
G

A
T

G
T

G
C

…
(T

T
A

) 3
…

(A
T

T
) 4
…

(T
T

A
) 3
…

(A
T

T
) 4
…

(T
T

A
) 3

(T
C

A
) 3

T
T

A

T
T

(A
T

C
A

T
T

) 3
…

(A
A

A
C

) 3
…

(A
A

A
T

) 3
…

(A
C

) 5
…

(T
A

T
) 4
…

(C
T

) 8
…

(C
T

) 1
5

4
P

er
fe

ct
,

1
co

m
p

o
u

n
d

im
p

er
fe

ct
,

6
p

er
fe

ct

22
5

P
3

92
A

F
35

99
93

T
U

M
X

L
v1

0.
32

4c
F
:

A
T

T
C

C
G

T
G

T
T

C
T

A
T

G
G

T
C

T
G

…
(A

T
) 5
…

(G
A

A
) 3
…

(T
T

A
) 2

2
3

P
er

fe
ct

15
5

P
3

33
A

F
35

99
91

R
:

C
G

C
A

G
T

G
A

A
A

T
A

A
A

A
G

G
A

A
G

T
U

M
X

L
v1

0.
34

0
F
:

G
C

A
T

T
G

A
C

T
A

G
G

C
C

T
A

T
A

T
C

…
(A

T
) 3
…

(G
T

) 4
…

(G
T

) 3
…

3
P

er
fe

ct
24

3
M

1
A

F
35

99
94

R
:

G
C

C
A

T
G

T
T

T
A

C
A

T
C

A
C

C
C

A
G

T
U

M
X

L
v1

0.
34

1
F
:

C
A

T
A

T
G

T
A

T
C

T
G

C
C

C
T

C
G

A
C

…
(T

C
C

C
) 3
…

(C
C

T
) 3
…

(C
T

) 3
…

(C
C

C
T

) 3
…

4
P

er
fe

ct
18

5
P

2
0

A
F

35
99

95

R
:

T
A

G
G

A
T

G
G

T
G

G
G

T
A

G
A

G
T

T
G

T
U

M
X

L
v1

0.
34

3
F
:

C
T

T
C

C
A

C
A

T
T

C
C

C
T

A
T

C
T

T
C

…
(T

T
C

) 4
…

(T
T

C
) 4
…

(G
T

) 4
…

3
P

er
fe

ct
25

1
P

4
67

A
F

35
99

96

R
:

C
A

T
T

C
T

T
A

C
A

T
T

C
G

A
C

T
G

A
G

C

T
U

M
X

L
v1

0.
34

9c
…

(A
T

) 4
A

C
(A

T
) 4
…

(T
A

A
A

) 3
(T

A
) 1

0
C

A
(T

A
) 2

A
G

(T
A

) 5
1

Im
p

er
fe

ct
,

1
co

m
p

o
u

n
d

im
p

er
fe

ct
A

F
35

99
97

(C
A

) 9
T

(T
A

) 4
T

(T
A

) 2
4
(C

A
) 2

5
(T

A
) 2

1
G

(T
A

) 4

T
U

M
X

L
v1

0.
35

9
F
:

A
A

T
G

A
A

G
G

T
A

A
C

A
G

C
C

T
C

G
C

…
(A

C
) 4

0
A

T
(A

C
) 3
…

(T
A

) 3
…

(T
A

) 3
…

1
Im

p
er

fe
ct

,
2

p
er

fe
ct

21
9

P
5

67
A

F
35

99
98

R
:

A
C

C
C

T
G

T
T

T
G

T
A

A
A

A
A

T
A

G
A

T
A

T
C

C
G

T
U

M
X

L
v1

0.
36

3
F
:

T
G

A
A

G
A

C
C

T
G

A
T

A
A

C
T

G
A

T
A

C
G

C
…

(C
T

) 5
C

C
(C

T
) 1

4
C

C
C

T
C

T
(C

T
) 9

C
C

(C
T

) 1
1
…

Im
p

er
fe

ct
28

4
P

3
38

A
F

35
99

99

R
:

T
G

T
A

G
G

A
G

T
A

G
A

T
G

G
T

T
T

T
C

G
T

G

T
U

M
X

L
v1

0.
36

4
F
:

T
G

A
A

A
G

C
A

T
T

C
T

G
G

T
A

A
G

G
C

…
(A

T
) 3
…

(A
T

) 4
…

2
P

er
fe

ct
29

9
M

1
A

F
36

00
00

R
:

G
A

A
T

A
A

A
A

C
A

A
G

G
G

G
T

G
A

G
G

G

T
U

M
X

L
v1

0.
36

8c
…

(A
C

) 4
A

A
(A

C
) 2

A
A

(A
C

) M
G

(C
A

) 6
(T

A
C

A
C

A
) 5

(C
A

) 3
2

1
Im

p
er

fe
ct

,
1

co
m

p
o

u
n

d
p

er
fe

ct
A

F
36

00
01

T
A

(C
A

) 1
4
…

(A
C

) 3
0
(A

T
) 2

6
(A

C
) 4

(C
A

) 3

T
U

M
X

L
v1

0.
38

4c
…

(G
T

) 3
C

T
T

G
T

G
C

(A
T

) 5
(A

T
A

C
) 3

C
o

m
p

o
u

n
d

im
p

er
fe

ct
A

F
36

00
02

T
U

M
X

L
v1

0.
41

1
F
:

A
G

C
A

C
C

T
A

G
C

A
C

T
T

G
C

T
G

A
A

C
…

(T
C

) 3
…

(A
A

T
) 3
…

(T
A

A
) 1

2
C

(A
A

T
) 4
…

2
P

er
fe

ct
,

1
im

p
er

fe
ct

18
4

P
7

83
A

F
36

00
04

R
:

A
G

A
G

A
C

T
C

A
C

A
T

C
C

T
C

A
T

C
C

T
C

T
U

M
X

L
v1

0.
44

7
F
:

A
T

A
C

A
G

G
C

A
G

G
C

A
G

A
C

A
G

…
(C

A
G

A
) 4
…

(C
A

) 3
…

2
P

er
fe

ct
21

9
N

A
F

36
00

06

R
:

G
G

T
G

T
G

A
A

G
T

G
T

G
C

A
A

A
T

G

T
U

M
X

L
v1

0.
45

5c
F
:

A
G

A
G

T
A

G
A

A
G

A
G

G
C

A
G

G
G

C
G

…
(C

T
) 7
…

(C
T

) 1
0
…

(T
C

) 5
C

C
(T

C
)C

(C
T

) 3
…

2
P

er
fe

ct
,

2
im

p
er

fe
ct

,
1

p
er

fe
ct

28
4

P
4

75
A

F
36

00
07

R
:

G
T

C
A

A
G

A
A

G
C

A
G

G
A

A
G

G
G

T
G

(C
T

) 4
T

T
(C

T
)C

G
(C

T
)C

C
(C

T
) 5
…

(C
T

) 3
…

T
U

M
X

L
v1

0.
48

1
F
:

C
A

T
A

A
G

A
C

T
G

C
A

C
A

C
G

T
A

G
C

G
…

(A
T

) 4
…

(A
T

) 3
…

2
P

er
fe

ct
12

5
M

1
A

F
36

00
09

R
:

T
T

T
A

A
A

A
C

G
T

G
G

T
G

T
T

C
T

G
T

G
G

T
U

M
X

L
v1

0.
48

4
F
:

A
C

A
T

C
T

G
G

T
T

G
G

T
C

T
G

A
G

G
C

…
(T

C
) 3
…

P
er

fe
ct

23
7

P
4

33
A

F
36

00
10

R
:

G
G

A
G

T
C

G
G

T
A

T
C

a N
o

m
en

cl
at

u
re

fo
r

m
ic

ro
sa

te
ll

it
es

is
as

fo
ll

o
w

s:
T

U
is

T
u

ft
s

U
n

iv
er

si
ty

,f
o

ll
o

w
ed

b
y

th
e

in
it

ia
ls

o
f

th
e

re
se

ar
ch

er
th

at
cl

o
n

ed
o

r
ch

ar
ac

te
ri

ze
d

th
e

m
ic

ro
sa

te
ll

it
e,

(e
.g

.,
M

X
is

M
ee

h
an

X
u

),
th

e
sp

ec
ie

s
n

am
e

(L
v

is

P
en

ae
u

s
(L

it
op

en
ae

u
s)

va
n

n
am

ei
)

an
d

cl
o

n
e

n
u

m
b

er
.

b
D

if
fe

re
n

t
m

ic
ro

sa
te

ll
it

es
w

it
h

in
a

cl
o

n
e

ar
e

se
p

ar
at

ed
b

y
(…

).
M

o
ti

fs
in

b
o

ld
fa

ce
in

d
ic

at
e

re
p

ea
ts

fl
an

ke
d

b
y

th
e

p
ri

m
er

s
se

le
ct

ed
fo

r
an

al
ys

is
.

c T
h

er
e

w
er

e
n

o
t

en
o

u
gh

fl
an

ki
n

g
se

q
u

en
ce

s
to

d
es

ig
n

p
ri

m
er

s
fo

r
al

l
th

e
m

o
ti

fs
in

cl
u

d
ed

in
th

e
se

q
u

en
ce

.
H

o
w

ev
er

,
p

ri
m

er
s

m
ay

h
av

e
b

ee
n

d
es

ig
n

ed
fr

o
m

a
si

n
gl

e
o

r
co

m
b

in
ed

m
o

ti
fs

w
it

h
in

th
e

se
q

u
en

ce
.

d
So

m
e

T
A

A
C

C
m

o
ti

fs
fo

u
n

d
in

o
th

er
cl

o
n

es
h

av
e

b
ee

n
ge

n
o

ty
p

ed
an

d
m

an
y

o
f

th
em

w
er

e
m

o
n

o
m

o
rp

h
ic

(A
lc

iv
ar

-W
ar

re
n

et
al

.,
20

02
).

e P
,

p
o

ly
m

o
rp

h
ic

;
M

,
m

o
n

o
m

o
rp

h
ic

;
N

,
n

ee
d

fu
rt

h
er

o
p

ti
m

iz
at

io
n

(t
o

o
m

an
y

b
an

d
s,

n
o

am
p

li
fi

ca
ti

o
n

,
et

c)
.

f P
ar

t
o

f
th

is
m

o
ti

f
w

as
in

cl
u

d
ed

in
th

e
d

es
ig

n
o

f
th

e
p

ri
m

er
.

g
T

h
er

e
w

er
e

to
o

m
an

y
N

s
in

m
id

d
le

o
f

se
q

u
en

ce
—

o
n

ly
p

ar
ti

al
se

q
u

en
ce

w
as

su
b

m
it

te
d

to
G

en
B

an
k.

h
O

b
se

rv
ed

H
et

er
o

zy
go

si
ty

=
T

o
ta

l
N

u
m

b
er

o
f

H
et

er
o

zy
go

te
s

d
iv

id
ed

b
y

th
e

T
o

ta
l

N
u

m
b

er
o

f
Sa

m
p

le
s

(n
=

3
to

20
).

A
ll

sa
m

p
le

s
th

at
am

p
li

fi
ed

1
b

an
d

w
er

e
co

n
si

d
er

ed
h

o
m

o
zy

go
te

s.

Polymorphic Microsatellites in P. vannamei Shrimp 323



(AT)15, (GC)15, (CT)15, (TAT)10, (CTC)10, (CTTT)8, and

(TGTA)8] using c-32P ATP and the 5¢-end labeling ex-

change reaction (Gibco). Filters were washed once in so-

lution I (0.2% SDS, 2· SSC) for 15 minutes at room

temperature, once in solution II (0.1% SDS, 1· 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 0.1· 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 ll) containing 100 ng DNA, 7.5 ng of c-

32P-ATP–labeled reverse primer, 50 ng of forward primer,

2.0 mM of MgCl2, 0.2 mM of dNTPs, 2.5 U of Taq poly-

merase (Promega) and 1· 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)n, (ATT)n, (CTTT)n,

(TAACC)n, and (ATTATC)n (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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(Schug et al., 1998). (CT)n was the most abundant

(n = 64) microsatellite motif in P. vannamei, followed by

(GT)n (n = 141), (AT)n (n = 117), and (CG)n (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)n was the most abundant microsatellites in arrays

of 5 or more repeats, followed by (TA)n (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)n was also one of the first microsatellite

motifs isolated from a randomly amplified polymorphic

DNA (B20) marker in P. vannamei (Garcia et al., 1996).

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.
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Tetranucleotides

The most abundant tetranucleotide microsatellite found in

P. vannamei is (CTTT)n. 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)n was also isolated in B20 locus (M1 mi-

crosatellites) and is a highly polymorphic marker (Garcia

et al., 1996). This (CTTT)n 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)n 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. T
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Frequency of Microsatellites

The frequencies of different microsatellite motifs in

P. vannamei are shown in Table 3. Among the dinucleo-

tides, frequency of (GT)n, (CT)n, (AT)n, and (CG)n 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)n and (CT)n 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)n (1 in 93 kb) and (CT)n (1 in 164 kb)

among microsatellites with 6 or more repeats. Brooker et al.

(2000) also reported a low frequency of (GT)n (1 in 164 kb)

and (CT)n (1 in 1200 kb) in P. monodon. In other species,

the frequencies of (GT)n and (CT)n 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)n repeats every 24 to 35 kb and every 90

kb, respectively, for Atlantic salmon. The frequencies of

(GT)n and (CT)n 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

Table 4. Usability of 110 Penaeus (Litopenaeus) vannamei Microsatellites with Different Motif Lengthsa

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

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

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

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]5; (2) TUMXPv9.149 [(TA)3…(TA)3], and (3) TUMXPv8.224

[(AT)4 …(AC)3…(TG)3]. B: Microsatellites containing single or

multiple trinucleotide motif with less than 6 repeats. (1) TUM-

XPv10.176 [(GT)4…(TTC)3]; (2) TUMXPV8.256 [(AAT)4]; and (3)

TUMXPv9.77 [(ATA)3]. C: Microsatellites containing single or

multiple motifs with tetranucleotides and pentanucleotide motifs

with less than 6 repeats. (1) TUMXLv5.35 [(CTTT)3]; (2)

TUMXPV10.238 [(GT)3…(CCCT)3]; and (3) C. TUMXPv9.28

[(ATC)3…(CT)3…(CTTT)3TTT(CTTT)3].
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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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