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Microsatellite analysis of genetic variation of the oriental river
prawn Macrobrachium nipponense in Qiantang River
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(1.Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Shanghai Ocean University, Ministry of Education, Shanghai 201306,
China; 2. Fishery Research Institute, Hangzhou Academy of Agricultural Sciences, Hangzhou 310024, China)

Abstract: Genetic diversity and genetic structure of 7 wild stocks of oriental river prawn Macrobrachium
nipponense in Qiantang River, i.e. Wen-yan, Fu-yang, Chang-kou, Tong-lu, Xin-an-jiang, She-xian and Xiu-ning, were
investigated using 10 microsatellite DNA markers. The result showed that all the 10 loci were highly polymorphic. There
was a trend that the level of genetic diversity of wild stocks in downstream and midstream were higher than the upstream
ones’. Sign test and Wilcoxon sign rank test results showed that the stocks in Qiantang River had no bottleneck effect,
and the number of stocks had not declined recently. Fsr among stocks ranged from 0.0201 to 0.1069. Analysis of
molecular variance (AMOVA) revealed that a higher portion (93.48%) of variations existed within individuals, while
lower portion (6.52%) existed among stocks. Fisy and AMOVA analysis across all stocks and loci indicated the medium
level of divergence among the stocks. The NJ clustering tree based on D, genetic distance demonstrated that the stocks of
adjacent geographical position clustered together. 413 individuals obtained from six wild stocks could be divided into two
potential populations based on the genetic structure. This study demonstrated that genetic diversity and genetic structure
of M. nipponense stocks were relevant to geographical position where they survived.
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B9t 2%

B A PR B A X R X 2 —; (HA 20 1H:
20 50 FAURLIK, BEFE B2 L il fVE AR VL Ak
FRVRH 2k B TR, ROKEAE T H AT R i) B AR 2R
TR, 0z B AR B ) i R, AT AR ARV LR
B AR HOATH IR BRI BB, (RIS T A rh AN
HRAMIEE, AMHIL TR GRS . R,
SIS AN T A () A 5 5 5 6 e R PEAL, TR
PR B A 0 U5 DA R AR O e R VU R AK SRR
PR AT R4 i HAT E L I SE = X

WA CEAZEE . LEHESERA, ©
JZ N TN AE AL A . AT E . QTL €
o7 254 9T A (Brooker et al, 2000; Kancee et al,
2007; Chand et al, 2005). Hij, HASTHERHIAH AT
FEEATE: RH%FRA COI (Yang et al, 2007;
Feng et al, 2008)#1 16S Rrna (Sun et al, 2007)/3 %1 Ji
B S, ord T IRE TR KIL T
P A AR R s AL Z R E R R S . RAPD(Jiang et
al, 2006; Wu et al, 2008; Zhu et al, 2008)J5 757> #1 T
KA BRGS0 S5 7K S Y AR AR TR st % 2 FF
PE, DS PR RS X HEE 9 (Feng et al, 2010). K
] (Feng et al, 2010). KVLH T iF(Fu et al, 2010)#F 44
HATIEAL ZFEE 0 A o AR T i DR AR S vk
I3 T ERIE VLU /K B A A B A A ) 2 A%
ZFEVE, PRUPERIETL /K8 H A VE S A4 15t 4% 45
oy SRR E R AR A, DU O BV L im AV R Al
JSUBE YRR AR B2 I R DA A R Ak i 4 i 2
wE%,

1 #RFITTE

1.1 HARXER DNA 28
2009 4 10 JAEERSHT b, . Rk AL
T 7 HARTBERE AR, FARRAE SR 1 FIE 1.

#1 HAEABIMHEARERESR
Tab. 1 Details of Macrobrachium nipponense
samples in this study

TG RN KA Hh A5 RAEMSTH] FEAHR
Stock code Stock Sample site Sample date Sample size
1 WHE WY X 2009.10 59
2 WHFY @B R 2009.10 59
3 WHCK @i et 2009.10 59
4 RS TL - A BAE AR 2009.10 59
5 Praeil XA @Emipi2e s 2009.10 59
6 R SX S AT 2009.10 59
7 R XN AR BB 2009.10 59
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/ 7l FY%} EWY t@
O NG
7% BZ )w/ﬂawm
. e °"ﬁ%m %] ffi]Legend|

TR Sampling spot

118.6°

1 BRIEVE 7 A HAS R REAR (R RAE AL A
Fig. 1 Seven sample sites of Macrobrachium
nipponense stock in Qiantang River

FEAMREAAIZI 59 R, BEANUMAH] JoK SR & « A
My-524/772:(Sambrook & Russell, 2001)$2H [ A<y fiF
JEERUA L2 LRI 2 DNA, FH KB I W 25 7K %5 i
J g W BE AN AL E, 20 CIRAF#5 H o

12 WMEERKN

HAHENE) 10 605 DA S1% 8 BAT R (R
2). PCR W RHUM K J5H) Semi-touchdown PCR
Jiik, PR ARR e g nle 7 A, RNl (1)
94 °C 3 min; (2) 94 °C 30 s; 3)(Tw+4)30's, 3% 1 C
F T (4)72 C 30 85 (Tt 4) B (Tt 1) 5 4 MG, T
I5f 30 MEFF; (5) 72 °C 3 min; (6) 4 CHRAFE. 74
L5%ZE B ik WA S 4% 5, SR QIAxcel 4 A3l
B E IR T 24 QlAxcel DNA High Resolution
Kit(1200) % 2 K & 9 47 5L X 3 &2, LA pUC18
DNA/Mspl JFrUEFN 5 1 i
1.3 HIRESH

MR A 4% v A B ff e JE K1Y, FJH GENEPOP
4.0(Rousset, 2008)UEAT #EARELAL 0 #T, VIS4 5
4 (number of allele, A) A RUEALFHEH H (effective
number of allele, N, M I 2% & JE (observed
heterozygosity, H,) - M B 7% & B (expected
heterozygosity, H.). 7 & % £ % 45 % (Shannon’s
information index, 7)F13E i (Gene flow, Ny). HA
AUHHE M DA 2 A E B & & (polymorphism
information content, P/C) (Botstein et al, 1980).

FI§ ARLEQUIN 3.1(Excoffier et al, 2005)i] 4
REART AL AL -G8 t] B (F-statistics, Fsr) %75 7%
M (AMOVA). FIH] DISPAN 4 #E4AA] Nei’s 5t
140 25 (Genetic distance, Dy)(Nei et al, 1983), JT
Da 13 NI RGRY, FH AT Bootstrap £15
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Tab.2 Sequences of SSR primers of Macrobrachium nipponense

(s
Locus

Bkl
Primer (5'-3")

BTG

Repeat motif

P

GenBank Accession No.

Mni30

Mni34

Mnids

Mni52

Mni56

Mni76

Mni82

Mni86

Mni93

Mnil02

F:TGCTGTTATCGTTGGCTGAG
R:ACCCGTGTGTGTGAACTGAG

F:TGCAGAGAGTGGAGTGATGAA
R:TCACCCCATCAACCTAAAGC

F:AGTATGCTTGCTTACCTCA
R:CATGAACGACACTTTTCG

F:CTCGTTCTTGCCACTCTT
R:TGACCCGTCTATGTTCGT

F:TATTGGCGCAGCACCTAA
R:TCATCGGCTTCAACAGAG

F:GTTCTCAGCCTTCTCCAT
R:GTTTATCGCTTTATTAGTCC

F:AACAAAGGTGAAATGCCACA
R:CCGCCAAATCAACAGTAATC

F:TACTAACACCGAAGCTATGC
R:AACAGTCACAACCGAACC

F:TCACAGCACGAGATAACA
R:TGCCGATTCTGGACTTTA

F:ACCTCGGGAATATCTCATC
R:CAGTGGCATCGTGTCAGC

(AOu

(AC

(TG)1a

(TG)22...(GA)y

(CA)13...(CA)s

(AG)10...(AG)u

(GT)7...(TG)2s

(AC)1...(AC)s

(TG)s...(TG)s

(GT)17

GQ257527

GQ257531

GQ257542

GQ257549

GQ257553

GQ257573

GQ257579

GQ257583

GQ257590

GQ257599

F: iF[5|4)(Forward primer); R: 5 [i] 31 #(Reverse primer).

MR8 25 A A e RS, T T IR A R A

15 84 (infinite allele model, IAM).
(step-wise mutation model, SMM)FIX{AH

(two-phased  mutation

model,

3B I ALY
RARRER

TPM), F|

FJH] STRUCTURE2.3(Evanno et al, 2005)i/E4T
TEARIBE 25K 73 M, THEEREAS KBNS WY IR “Var[In
P(D)$IME, SRIGIERRAE K fH, RIHEAb A 45

R BB AR ES

BOTTLENECK 3.4 (Maruyama & Fuerst, 1985)1] %4
V- 34 A B2 2% A J5 (expected  average heterozygosity,
Hrq), BE M1 000 4, FHIE L AT 5K % (Sign test)
A1 Wilcoxon £ 5 Bk XA % (Wilcoxon sign rank test)
M A E I A 2, DUE I o0 B A S AR -
B P RAl T H AT IR AR S = B SR A

*3 AXRBIHI0NMYDEMSBHEMEREY. #E

2 GERE5HR

21 WIEMSREEERFRHAMRE ST
WG 10 XL S 7 A REA

i"]ﬁ?ﬂTiﬁ?ﬁ?E‘J?ﬁ‘i FAL AR R L 2 R

BERWE 3 Prox. 10 Mo LR S8 PIC /T

r_&gu..\ n:u\EE

Tab. 3 Statistics of number of effective alleles, expected and observed heterozygosity and polymorphism
information content for 10 microsatellite loci of Macrobrachium nipponense

fir st I PA AR BB e 2 i W P
Locus Number of alleles, 4 Number of effective alleles, N, Observed heterozygosity, H, Expected heterozygosity, H. information content(PIC)
Mni30 30 8.88 0.68 0.80 0.85
Mni34 15 10.63 0.47 0.91 0.78
Mnid5 12 9.48 0.60 0.90 0.80
Mni52 28 14.27 0.70 0.93 0.89
Mni56 19 10.47 0.54 0.91 0.87
Mni76 29 20.32 0.70 0.95 0.91
Mni82 29 20.20 0.76 0.95 0.92
Mni86 11 6.46 0.64 0.85 0.79
Mni93 19 8.62 0.68 0.89 0.84
Mnil02 19 591 0.41 0.83 0.66
*F-¥J{H Mean 21 11.52 0.62 0.90 0.83
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0.66~0.92 2 [a], ¥ Botstein 25472 H (KhRUE, )8
T 2 YL (PIC>0.5) . AL N,
T 5.91~20.32 Z[Al, 5 PIC BIF3EA—3L,

H AR 7 AN E AR 2R AT K 4. 7
ANHEAA Shannon 2 FEMEFRECE B Y 2.15~2.37,
H i BMIRAR K A = [EI >3 22V T> 5 =3 D> 8 B>
PR >Hi i, BHEE ARG FE AR R 0.83~0.88,
e BRI Ry > eV > =1 A >8 E>k
T AR IR R Y 6.86~9.24,
H S BMAR KA = [EI 8>3 1> 22V > 5 B> 8k B>
>t . Sz, BRAEREARAL, BRI K
B AR IR AR 1A 22 Vi B0 o v T B
2.2 RIS

L 202550 . 43 A Al I3 A AT A S A O ) 5 R B
NG 5), 16 TAM SRR R BT H AV IR R
T A 8 He 38T Heg; 75 TPM S8R T,
Bk Mni30 F1 Mni102 {7 55406, Fer 55 He 3 m 1
Hrq, e Mni34. MnidS. Mni76 K Mni82 i 512
SR, 7E SMM RAEI R, Mni34. Mnids.
Mni76. Mni82 F1 Mni86 1\ i Hg T Hyq, HAAL

M Hg & T Hyo, Jorf Mnid5 {7 55 2 5% 3%, Mni30
F Mni102 47 153 25 5l B 3

TSR A Wilcoxon 455 Bk (UK 56 1) 45 L 6k
IN(ER 6), 1E TAM SRR I HERE (4 2 Bk
5 B R AR IS P, RIS f R 2
Ao I, {HAE TPM SRR, A 503 SR
7 ANBEARVA 2 BN 2 M 2 S AR AL A 1T
76 SMM SRR PRI o H B R VL4
TR S 35 25 S8R I B Ay, I HH A 2 2 1
FSEpuE]p
2.3 BHEKEES L

BE TG A S DR e U B HE A AR T 1 AR
IR Nei’s Bt % P2 W14 7 o, 3 1 RIR BL A A T gt
B B8 H 08 (D A=0.3270), [ HE R & BHAREAA TR] it
BT (DA=0.1334); 7 A HARTH IR A BEARAE 10 A4
ik BT f RIS Fsr /T 0.0201 ~ 0.1069,
Pl T A R 23 4K,(0.05<F51<0.15) {1 7K *F-(Hartl &
Clark, 1997), HrbEMER7 O F-88i & /M Fsr =
0.0201), #il 5 FEKE 2 (8l K (Fst = 0.1069).
AMOVA &R W IR (£ 8), B M4 H &1L

R4 HABIGEERRIE R SR

Tab. 4 Summary statistics analysis of genetic diversity in Macrobrachium niponense stocks

2 i i E e BT ikt e T
Parameter wY FY CK TL XAJ SX XN Mean
N, 9.24 7.64 8.63 6.86 8.50 7.35 7.03 7.89
H, 0.61 0.59 0.64 0.62 0.66 0.60 0.56 0.61
H, 0.88 0.85 0.85 0.83 0.86 0.84 0.83 0.85
1 2.37 2.25 2.25 2.15 2.30 2.20 2.19 2.24
F5 BABIMBAMI 2SI S
Tab.5 Bottleneck test by locus in Macrobrachium nipponense stocks
T B DR AU GEA R B G
(A Hy Infinite allele model Two-phased mutation model Step-wise mutation model
Locus Hzq DH/sd P Heg DH/sd P Heg DH/sd P
Mni30 0.888 0.862 0.543 0.343 0.920 -1.788 0.065 0.943 -3.517 0.009%**
Mni34 0.907 0.718 1.713 0.000%* 0.825 1.796 0.000** 0.884 0.955 0.136
Mni45 0.896 0.663 1.817 0.000%* 0.778 1.786 0.000%** 0.853 1.400 0.020*
Mni52 0.931 0.847 1.469 0.002** 0.913 0.882 0.170 0.939 -0.535 0.194
Mni56 0.906 0.779 1.603 0.001** 0.865 1.120 0.081 0.908 -0.118 0.370
Mni76 0.953 0.880 1.825 0.000%** 0.926 1.741 0.000%* 0.944 0.641 0.177
Mni82 0.952 0.853 1.752 0.000%* 0917 2.050 0.000** 0.940 0.464 0.165
Mni86 0.846 0.638 1.513 0.005%* 0.755 1.226 0.051 0.839 0.198 0.504
Mni93 0.885 0.775 1.231 0.019* 0.863 0.598 0.307 0.909 -0.846 0.089
Mnil02 0.832 0.778 0.631 0.281 0.866 -0.995 0.151 0.910 -3.424 0.002%*

DH/sd: H 5 Hrq 17 5 br#Efw 22 2 Lt (Ratio of deviation to the standard deviation of Hi and Hrq)-

* Hp 5 Hpq 7 ¢ 1 3 (Significant difference)(P < 0.05); ** Hy Y5 Hrq 7 57 4% . 3% (Extremely significant difference)(P <0.01).
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Tab. 6 Departures from mutation-drift equilibrium in Macrobrachium nipponense stocks

P =y iy Wilcoxon -5 B A4
PEIA Sign test Wilcoxon sign-rank
Stock IAM TPM SMM IAM TPM SMM
Hy/Hp P Hy/Hp P Hy/Hp P P P P
e Wy 9/1 0.050* 8/2 0.162 4/6 0.183 0.003%* 0.232 0.160
I FY 8/2 0.175 6/4 0.617 1/9 0.002%* 0.131 0.922 0.002**
¥ CK 8/1 0.079 5/4 0.517 4/5 0.285 0.129 0.570 0.203
il TL 6/3 0.488 5/4 0.530 2/7 0.028* 0.652 0.820 0.010**
BT XAT 8/2 0.181 6/4 0.611 3/7 0.061 0.105 0.846 0.131
P sx 7/3 0.411 6/4 0.616 1/9 0.002%* 0.193 0.557 0.003%**
KT XN 5/4 0.487 4/5 0.286 0/9 0.000%** 0.359 0.301 0.002%*
£71 Total 10/0 0.007** 8/2 0.015% 5/5 0.360 0.001** 0.105 0.846

Hy/Hp: 31 RS54 A7 i $2 Eo(Ratio of loci number with heterozygosity excess to deficiency). * 2% i & -1 (Significant deviation from
mutation-drift equilibrium)(P < 0.05); ** % & 3 fii 5515 (Extremely Significant deviation from mutation-drift equilibrium)(P < 0.01), TAM: JGBRA5A7HEA
i (Infinite allele model); TPM: %0 R AFHiI#Y(Two-phased mutation model); SMM:  XUAH FEAZ i) (Step-wise mutation model).

R7 BRBEEIKE F Rt EFsr, MALZT)FNREEED,, MAZL)

Tab.7 F-statistics (Fgr, below diagonal)and genetic distance (D, above diagonal) among Macrobrachium nipponense stocks

G Ve T ]| HilJrs Bl A ey
Stock wY FY CK TL XAJ SX XN
B WY 0.1334 0.1409 0.1852 0.1452 0.2930 0.2204
HMFY 0.0286 0.1644 0.1701 0.1448 0.2980 0.2607
%1 CK 0.0201 0.0536 0.2388 0.2020 0.3270 0.2881
Hiljs TL 0.0475 0.0386 0.0805 0.2052 0.3265 0.3067
sl XA) 0.0401 0.0276 0.0670 0.0487 0.2535 0.2293
fiH sx 0.0817 0.0939 0.0972 0.1069 0.0816 0.2508

PR XN 0.0606 0.0845 0.0764 0.1023 0.0797 0.0887

*8 BARBIHADFHENR
Tab.8 AMOVA analysis among Macrobrachium nipponense stocks

AR S K5 H e Rt Ji ZEM 5y Ji ZE L H(%)
Source of variation df Sum of squares Variance components Percentage of variance
BEAARIN) Among stocks 6 192.054 0.23459 Va 6.52
BRI AMATNR Among individual within stock 406 1756.864 0.96750 Vb 26.92
AMATH] Within individuals 413 988 2.39225 Ve 66.56
AR Total variation 825 2936.919 3.59434
A5, ARG 6.52%, AR AR A 1t J mEWY
K- % - wHRFY -
BT Dp st AR RS, HNT R it SR R 45 R ———————————— BRITXAI o
— . - VYT FHSX
W 2 fros, TESEAZ L B AR S R B 56 2 XN
WRAE S, 5 M5B IR, e n Bk 2 T D, R NT R
BRRTHIERES (B3 7R Bootstrap [ EA5 )
24 BHRBMREM Fig.2 NI clustering tree based on D, genetic distance

(Number indicate bootstrap confidence values)

STRUCTURE 1z 57 FE A 75 B 105 T AR BEAA
WAL 1 5%, DRI A A2 TR AAInt % 45 44 0 Hr 1~7 HRENRR, 2 K=2 I, LA s, Tl T
f3AR T H (Falush et al, 2003). 23 10 RFE ASZIG T 413 4 SR8 i R4 2N 2 A3



368 ET 7/
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WHRIEE(E 3)(Evanno et al, 2005). 7] LAE H, R0
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Fig. 3 Estimated population structure for Macrobrachium nipponense germplasm resources
Pl R 4 R (0 12 28 A0 — 0 Fh B (Each individual is represented by a single color line).

3 it i

AT 10 MU EEM N ZEFEES &
PIC /T 0.66~0.92 Z[i), ¥)J&E T w5 2 &AL A
(Botstein et al, 1980), FJ ULIXELA i e 1A 7847
b B R VL H A VR T AR R A ) T A% 2 A PR R
U A

7 ARSI G RN T 0.83~0.88 2 [H],
Eb it PR H AV IR (H,=0.698~0.804)(Feng et al, 2010)
A2 | B K W UF (M. rosenbergii)(H:=0.64~0.73)
(Kancee et al, 2007)5;, #] WERIEIT H A VA HFE A 7
BT s 2 AT BRI A R 5 A

FASTH R A B 88 % 22 FEPE K F (P H=0.85,

1 =226 RIPEIY N=8.17) % i T _ L3 i S E AR
TR, BVERYEYL R K38 H A IR s A%
ZREMKP B B R R TR E R, Bk 2R
(1) b BV, 2 S 5 AR VA R 3 B B B 16 66 0 %5 D)
FHOK, B ZFEME A E, H AT IR 3E N AR
AR . T HOERQ EORRIAh, A VA I ()35
i Z FEE AN S AR RE S T8 N AN [R) 3 4R A 5% 4% 1
AW, EAFFRAT TP, Nistts 2 etk
AKVRT, AT Z B IE VL R N K38 H A
B B IR 2 Tt — PR A, DA R
YU H ASVR IR S VR ORI AR AR A%
R A Ui H A VR R AR R P38 JE R N
2.77, T e H A VAR B BE R Niw=2.26,
AL R, L3 H AT R A [R) S5 DR AZ IR 1 7K P 22
T FUR KK, XA RE AN R KSR K R A
TS SkEL AR T B B 2B A7 1) B3l /K IR A4t

=R D RS N S W 2 Sl T D B S Etab Wae s =

FEOERITL N B I H, BRI T H ASVRER
PAFFARHS 8 T UREA, KA B ARG PSR 2
[F1) ) 266 DR1 A2 L T () A FH DR R B AT v I i PR
LILEF 5 A HATR MR AR 7E T K3, KR
H ARV B1) 5% H A T8 W T A [ 11 22 AT A2 3 56 il B A
St o KPR B RIS H A YRR 1) 5 0 140 SR AT
ANFIKRARBIEN o SREFUR T REAR S i )5 R8T 20T
TR ELAE 2 FEE S HGT I — AN, REAN [
(R 7K AR NG 23 5 i B AR (RS Z AR KR, SR
FEAA S B VLA I A 1 7K 3l 8 A 38T ) SN,
P LAEATTAHOAR T B4 A BEAR SR I T A i
WiAE Z R o MR AN R REAR IR s AL 2 AEPE 5L
oty TRATT AT Jy AR 1R 352 4% 22 RE R K P A R A,
X H] e BT 7K ORI e 7K AR 1 AR B T 3
Ab TSR -SSP R RPRE, A DR R
IRAE LT 5 2 G AN MR N RSO S5 . PhEAE
WA G PSS N G, S 3L H e G Y
S IRAG, o SR BE DR 5 O L A A B IR AT T R R,
NTRS 2 S U P PR P i B U T ) e v
Fl vl LA W Rh A R R 15 N . A2 G AR AL
B T RSN, 76 SMM S8R R I A —
SEARRE M B, AT DR DA RS R A —
W Z D 5 AR KR R (Cornuet & Luikart, 1997). A1,
ABFFEH TR 2 AL TAM R TPM P Fh 58748
T AT LS50 o 30N 0 BT 45 R W7, 7
IAM SRR, A4 RR I 4 G ik 35 A
TPM RABRETN, B4 8 M RN 24 A 1 3
DRI, TR AV i A S A 100 e B T AR IB VT H AR VR R
B e el ®, s ca T
B o 1117 AR IS~ ) P RS 38 25 R R, 7 TAM
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FARRI N KA R R B A B AR B S
REFIAT AL, TAE TPM SRR N ER IRV H AV R
AN EA B3 B 2 e A I F A, SRR R
BRI A, X SRR, AT IR A
AT ISR A NI PR i s B
SEAANRI LR IR R T B85 H A AR A=) 2 R
PEA DG HAVHER I A dr— AN 14~18 N H, &3t
AR H AV, — AR IR ) 8~10 HARFET:, ff
3 H AR AR P $ g, X — BRI S S8
TSR oy M 2 AT w22 . PR, AT R R
b RANER LS 2 g SESYIBUN T VA 5
B BAT T B o 11T P HE R AR08, 7 A2 P D R,
WIRFHE— D (T o ITURN 43 BT A2 VP Al PR
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