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5.25, FHHHEMEREK(N,) K 3.462 2520 ML F3H £ 55 &4 E(PIC) % 0.589 4;
BReE (H) b & B AR K KT A2 # (0. 630 8), /LT 2 4 (0. 609 6) . H & # &
(0.594 5) R WXEK(0.593 4) .7 MA#4K(0.584 4) & KA (0.582 1) ,FHE % 0.629 6,
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Fig.1 Location map of 6 sampling sites

R1 KITHIFRA M S B
Tab.1 Sources of M. nipponense

sampled in this study

ik RERTE REH A
population time site
BRTRBILARKILA
ER(CQ  2007-07 (B:106. 44° N :27.90°)
) BERMAMNXITE
FM(WZ) 2007-07 (E:108.42° ,N:30.75°)
WALEEE W XILE
HA(YC)  2007-08 (E: 111.28°,N: 30.78°)
N WA RN 4 DELE
RB(WH)  2007-08 (E:114.33°,N:30.52°)
. YLFE4E JLTAAR Liff 1k ARYTER
JLIL(IT) 2007-09 (E:114.33° ,N:30.52°)
THOY 200709 YT 38 YT B T (X IR

(E:120.26° ,N:31.91°)

PCR R B R 25 uL MR, H
2.5 mmol/L dNTP 1 L, 10 x Buffer 2.5 pL,25
mmol/L MgCl, 2 pL,8 pmol/ L F5|#)40.75
wL,5 U Taqg DNA B4 0.2 pL,50 ng/pL B9
DNA 54z 2 wL, R4 K2 25 pL, HTDET|
Y17 Xk B AR ERH RN R TEFF], HAR 3
%T A GenBank 3845 H AR MR T E P31, & it7
Yy, B TEYBRARAR S, 71 Y3
W2, FASHIHN LEHEIEEAEY RN
&,

PCR ( eppendorf Mastercycler ep % 31 PCR
10 R FF R 94 THUZAEHY: 5 min;94 CAEE: 30
s, H 305,72 T 45 5,30 MEH; B)5 72 CTHE

i 7 min; 4 TR, RMEHR/E, PCR =Y H
10% k728 14 58 VA 45 T g 18 X #L 2K 0 5 , Mlakeer
% F§ PBR322/BsuR 1 Marker, Goldview It {5,
15 ~ 30 min, B R REHEIR

B >k A BIO-PROFIL 3k 4% B, ik
K #4743 1, PopGene ( Version 3. 2) 34451
BT AL AR B S5 L 22 4L (number of alleles,
A) BRE AN H RN H (effective number of alleles,
N,) W24 B ( observed heterozygosity, H,)
HItH 4 (expected heterozygosity, H,) .Hardy-
Weinberg V-4 x* i 1 #F %8 {& ( Chi-square test
value for Hardy-Weinberg equilibrium, P) #11% /&
RES T8 %1 ( Hardy-Weinberg departure value,d) \ 3%

&5 B (genetic distance, D). j# f& 8l R #&
( genetic identity, I), £ & 5 B & &

( polymorphism information content, PIC ) fi /A=,
HE:

PIC=1- (3P}) - (211,21 2P7P})
A, n AE—N R EFEEL, PP 258
%M AN ENERAREPIRE =i +1,
RS FSTAT 2.9. 2 (F:T TR 4% i B A
TAM) 3 4 3 B4R IR 19 38t A AL THE For 64T
&1k 43 17, 3F B Benferroni 72 7 1+ 5 H B #F 4,
SR GenALEx 6 #4317 B¢ 4k ] 82 2 28 F- 19
AMOVA 7317, HRIBBRZIEE A Mega 3.1 344,
kAl UPGMA J7 k48 6 NEERR) UPMGA R
&,
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2 R

2.1 MBESIYYWER

ASLEGFrE R R 20 X B 2SI Y17 6 M8
PRI REY AR E W B BOER IR E
LM, N WXMOS 78 6 MR 4R I
B2,

MIDEN SHBEZHEESHENE 3, 20 4

fr s = A B S A LR ECR 2 ~ 10 A, 34285, 25;
B EEECN 1.451 7 ~7.281 1, F¥ R
3.462 2 &AL S WL 245 (H,) 5 0.166 7 ~
0.645 8,34 0. 337 8; WIS B (H,) K
0.3111~0.864 9,545 0.629 6, PIC>0.5 [
MNEF 144, RBAREER, 52%5190
70% ;0.25 <PIC <0.5 M 5H 6 4, B R
BELAS, S PIC % 0.589 4,

£2 20 M I ESIWRIEFE

Tab.2 Characteristics of 20 pairs of microsatellite primers

i 4% loci S1FF(5" -38") BARECT) P VS EI (bp)
(B335 accession no. ) primer sequences annealing temperature product size

WXMO1 TTCCCCACGCACCTCAAT 54 105 ~ 150
(GU189600) GACATCCATGCAAAGCAACAG

WXMO02 GCCATTTTCTCATAAGGGT 54 155 ~220
( GU189601) ACGGTGGTATTCAGGGAT

WXMO03 AGAGGCAATTGTAGCCGAGA 54 185 ~250
(GU189602) TGGCACGATAGGAAGGAGTT

WXMO5 ATCCTGCGAAGATCATACGG 54 135 ~185
(GU189604) TGCATTTGCAATCCACTCAT

WXMO06 TTGGCAAGTCTCGTCTGATG 54 125 ~175
(GU189605) CGAGGAAACGCCTGCTAC

WXMO7 CGACGAGGCAACAGAATA 54 234 ~280
(GU189606) TGATAATGCGAGGGAGTAA

WXMO08 CGTGACGGACGTTTACTG 54 175 ~185
(GU189607) ATCGTTTACGAATGACTAAT

WXMO09 GTCACTGACTATGAACAATAACA 52 110 ~ 145
(GU189608) GGTTTGATCTGGAAGTTTAG

WXMI10 CAAGAAGAAAGAAGCAGGTAAG 50 285 ~ 320
(GU189609) ATTCGTGATTGGCGATGAT

WXMI11 GAGCGTGGGAAATGTTAGAGA 56 110 ~ 165
(GU189610) GGAGAAGGCTGCGATTAGAA

WXMI14 GCAGCAGTAAAGCAAATGAGG 58 100 ~152
(GU189612) TTGAATTCCTTGCCTCTTCC

WXMI1S5 TGACAACGAGACTGCTAA 58 300 ~ 335
(GU189613) TTGACGCTGCTTACATC

WXM16 AATGTAAGAATCAGGGGAGA 58 185 ~230
(GU189614) TCGGCAGTTTGTGGGT

WXM17 GAAAGGAACTTCAAGAGGC 58 190 ~245
(GU189615) GGACAGTGAGCAAAGCATC

WXMI18 TCGATGGCGACTTGCA 58 115 ~ 160
(GU189616) CCTCTGCCCTGACTTGAA

WXMI19 ATACAAAGAAGCGAGCATT 54 255 ~265
(GU189617) GAGTTTAGCATTTTCACCAT

WXM20 TCCCGATGAAAGGCACA 58 165 ~200
(GU189618) TAAAGGCGGTGATGAT

Mni001 TTCCCTTTACCTTCCAA 50 125 ~ 160
(EU130924) AGGTGAAGTGATACCCTAA

Mni004 TCTGAAGAAGCCAACG 46 235 ~265
(EU130926) TCGACCCCAAACTGAT

Mni009 AGAAAGGGACTGGTGG 54 165 ~185
(EU130930) GTCTACAGGAAATGTAAAGC
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H2 WIEASR WXMNOS 7 6 -Fhaf iy r ik Bl
Fig.2 Electrophrosis patterns of microsatellite locus amplified by
primer WXMNOS of 6 M. nipponense populations

#3 RHIENANEMERN. FIECEAY AUREE HEXGE.SBFELEE
Tab.3 Number of alleles (A), number of effective alleles (N, ), observed heterozygosity (H,),
expected heterozygosity (H,) , PIC of microsatellite loci

L SERER BHENERH WZR & B BBREE E5EEEE
locus A N, H, H, PIC
WXMO01 7 4.554 8 0.4271 0.782 5 0.751 8
WXMO02 10 7.2811 0.645 8 0.864 9 0.847 7
WXMO03 7 5.765 0 0.3958 0.828 7 0.803 4
WXMO5 7 5.053 3 0.520 8 0.804 2 0.776 0
WXMO06 8 6.684 9 0.557 3 0.852 6 0.832 4
WXMO7 6 5.029 9 0.442 7 0.803 3 0.772 1
WXMO08 2 1.4517 0.3120 0.3111 0.262 7
WXM09 4 2.324 0 0.276 0 0.5712 0.528 3
WXMI10 3 1.644 0 0.166 7 0.392 7 0.356 6
WXMI11 5 2.121 2 0.171 9 0.5300 0.492 7
WXM14 7 4.305 5 0.328 1 0.769 7 0.736 8
WXM15 4 2.5193 0.364 6 0.604 6 0.539 7
WXMI16 6 3.270 8 0.338 5 0.696 1 0.6559
WXM17 5 2.993 3 0.302 1 0.667 7 0.606 1
WXMI18 5 1.5853 0.349 0 0.370 2 0.353 8
WXM19 2 1.566 5 0.203 1 0.362 6 0.296 3
WXM20 6 4.353 8 0.3125 0.772 3 0.7359
Mni001 3 1.681 2 0.213 5 0. 406 2 0.348 8
Mni004 4 2.2200 0.296 9 0.5510 0.508 1
Mni009 4 2.838 4 0.276 0 0.649 4 0.583 6
average 5.25 3.462 2 0.337 8 0.629 6 0.589 4
2.2 BESHESH SRR 2.910 4 ~3.253 2, Hdr TR #RA

6 MEMFRBESHESHINEK 4. B FENFMEFBZLZFHNS. 150 0 4, LITH
RS RN 4.900 0 ~5.150 0, % H=AERSFA R R 4.900 0 4>, KR
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FIMZ AR (H,) 79 0.282 8 ~0.373 4,578 RRAREFEERA R (H,) &4 0.630 8, F
WA A (H,)90.582 1 ~0.630 8, He JTF  JREMARFIBER G (H,) B KN 0.582 1,

R4 6N BENBHEENENERAN. FISUEAY AUREEH HEREE
Tab.4 Number of alleles (A), number of effective alleles (N,) , observed heterozygosity (H, )
and expected heterozygosity (H,) of 6 populations

RElx SRR AMEMEREK WZ 5B BERGE
population A N, H, H,
CQ 4.950 0 2.950 2 0.282 8 0.582 1
WZ 5.050 0 3.039 7 0.350 0 0.584 4
YC 5.000 0 2.910 4 0.3141 0.594 5
WH 4.950 0 2.8455 0.345 3 0.593 4
JJ 4.900 0 2.961 8 0.373 4 0.609 6
JY 5.150 0 3.253 2 0.360 9 0.630 8
2.3 BMEEEESLSH BEURIA] BN ForfB (3% 6) REA, B - VLRARE

M5 i) AMOVA ST 85 R LIBE N, EE  HREYEERK(0.083 8) ,BIN — JLITEHA N &
BHH,6.92% KRS BEHAE T HEMRARE /0 0.0253),F#550.050 1, H FuHHZXI 2
H2F,6 MRILFFHAFEEENRETE  FHKFE(P<0.05),

(a=0.01),

x5 FF6IMTHEAET220MIIBEAAHNSFERSH(AMOVA)
Tab.5 Analysis of molecular variance ( AMOVA) for loach populations based on 20 microsatellite loci

BRFRIR AlE SFI5H TrEE BREOBESE(%) F&iH&
source of variation df sum of squares variance components percentage of variation F-statistics
HELTR . 5 293. 427 1.291 6.92% 0.069 2 **
among populations
. .ﬁﬁilﬁ . 186 3 232.250 17.378 93.08%
within populations
Bit 191 3 525.677 18. 669
total

IE: #* TR ¢ =0.0l KFEBF,

Notes ; * % Represents significance at g =0.01.

®6 BHIF6 ME{FAMBEESULIEY Fyr
Tab.6 Fg; values between 6 populations of M. nipponense

¥4k population cQ WZ YC WH n Y
cQ
WZ 0.0319°
YC 0.0389° 0.0273°
WH 0.0519 * 0.0552°* 0.0353°
JJ 0.0390° 0.0396° 0.027 4° 0.0253°
JY 0.0738° 0.0813° 0.0794° 0.083 8° 0.0613°

= TR £ %50 Bonferroni RIESG ForHBE 1 (a=0.05),

Notes;  Indicates significant pairwise Fgrafter sequential Bonferroni corrections(a =0.05).

HIF PopGene( Version 3. 2) AT 6 A~ JLILREARRLE A LIS $Ax K (0. 939 9) , #
FEARIRIEY Nei [RGB AL RE(ET). 6 (REBEER/N(0.062 0) o MRIFH A 2R
AR BRI - VLR R A HE R R %R RJH UPGMA J7iEsT 6 NREAEFT R 47 (&
/1N(0.834 5) RIFEEBIEHK(0.180 9) s W ~  3), M3 WTLIFH,6 NFAFFARTT LI4r 2
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%K, BIELEERENRNANTHEARERS—  BAREE; AR RMREN—K K5 5HM
&, KT MSEERER—E RES5EXH  HERSG,

R7 BiF6 MREAMBEHURY (L= FREEZED(T=RA)
Tab.7 Inter-population genetic identification (upper triangle) and genetic

distances (lower triangle) between 6 populations of M. nipponense

¥4k population cQ WZ YC WH n Y
CcQ 0.933 0 0.9201 0.900 6 0.918 9 0.8559
WZ 0.069 3 0.938 8 0.896 2 0.918 8 0.842 9
YC 0.083 3 0.063 1 0.924 9 0.935 6 0.841 6
WH 0.104 7 0.109 6 0.078 1 0.939 9 0.834 5
JJ 0.084 6 0.084 7 0.066 5 0.062 0 0.8711
JY 0.155 6 0.170 9 0.172 5 0.180 9 0. 1380
Wz BB IE 451, R LERFH Bt st (e 2R B R
_| L X ~\ _
o S3H% R F RAPD #Rig s KW ) K A 7] 2K 3%
_ _:ﬁ (T EHXS M M ) BF A4 F P a R HE 1740
Y Bt , RBEGH X B A F AR B SRR,
' : ' ' ! THH X Rk
0.08 0. 06 0.04 0.02 0.00

E3 6 AFIFEAR UPGMA BERE
Fig.3 Dendrogram of 6 populations by

UPGMA cluster analysis

2.4 Hardy-Weinberg 85447

20 Mk TR A7 & Hardy-Weinberg F-4 x° #:
AR P s B RES g d H(FK 8),

120 MEHANL s HAH (6 BEfR %20 i),
4 Hardy-Weinberg 45 ( P >0.05) By REARN &
HER 214, 5 BB 17. 5% , 50 52 J7 M EE
B WXMO05.,06,15,.16,17.18, HE # &k 1
WXMO8 1 Mni001 , B BERHY WXMO02 .05.06.,
07.18.19 F1 Mni009 , YT #E KK WXMI8.,19,
PR NHEMSHERE B EMEG (P <
0.05), &5 BEIY 82.5% , 120 RN A A
R 2 AR SHE d>0, RIARET
A, HRSMBIANRETFHK(d<0),

A3 R P T B ARCAHE T TR 6 AR
BRI B IR B G5 HEAT 40T, 20 M R TE K
TLH IR P S 2 B0l 5. 25, P
A H, #0.629 6, FBKITHIFR A5
BLRBBIER, BT H, RN, KITTHR6 A
FIRREAR 1L M b 5 BVIRAR Y R - VT B Rk
(0.630 8) > JLITH#EIAR(0.609 6) > HE B
(0.5945) > R EEHR (0.593 4) > M BEH
(0.584 4) > BB (0.582 1), X— R A
P g A

AR 3 WAL KT 6 AN EURREALY 20 M
AL 1AM ERRNEELR, HARI Y F
BEE, EREEBSTT, U EBELZTHR
TOXTE U R B — 2 7 DL B R SR UF
W ESEER N EEEEENE L,

3.2 BEEEESL

BRI R MEIE 8 Fo R BBHAR R
ZRIF BT, KRS FoE7E 0 ~
0. 05, Bk L8:55;0. 05 ~0. 15 BHARML 455

\\ \/\
3 e 0.15 ~0.25, ERBKBEMEBK; Y Fok T
3.1 s 0.25 i, ERAMER K, ik W BT Az,

B 3o Y008 Ve VI IR AR R 4 AR A
i) CO 1 HEEFF i KR, =R AR KRR
BREENRE S, MERBENREZHE
B/ (h:0.700,7:0.008) . EEH % wFl
CO 1 A L&A T RE KKK F IF

R R R 4 DB AR AR 2T
FP R4 NEAERR FoHHRT 0. 15; B8
F R K YK F IR SR For
Fiis 0.318 7, 2 B 0 7F 7 47 2 0 1B 5 12 2 AL
Ko ARIXH HAFBFARR ) Fou (H7E0.0253 ~
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0.083 8, #P B FHMBHUH 0(P <0.05) ,B¥H/NF
0.15, 3B 6 ML HFIFRHAC I i i Bk, H
PUBRETE, AMOVA & REW, KRILE
o 6 BRI BRIEE R 6. 2% W T HA R 257
(P<0.01),5 Fath&i R YI &, XTRESA

FEARBTAL B K R IR 38R Ko 7R 3558 O A8 X
b B PRI, KRR Bl 22, HL7 AR 5 S
N B BT R BB T VLT 7K 2R 9 A X 7
FRE, KA SR , BRGNS T A A Z [RIRY 3L
T, SRR ) 18 2 LR

%8 Hardy-Weinberg % x* KR ME(P) 5REREIEH(4)

Tab.8 P value of Chi-square test for Hardy-Weinberg equilibrium and d value of heterozygote deficiency or excess

s cQ WZ YC

WH ) Y

locus P d P d P

14 d 14 d 14 d

WXMO1L  0.0000%** -0.3870 0.0001°** -0.4896 0.0000**
WXM02 0.0348* -0.1574 0.0000%** -0.3349 0.0219*
WXM03 0.0046%** -0.2780 0.0000°** -0.6961 0.0000**
WXMO5 0.0000%** -0.3691 0.1906 -0.1519 0.000 6 **
WXMO6 0.0002%** -0.4309 0.1641 -0.0208 0.000 0 **
WXMO07 0.0000%** -0.5793 0.0031°** -0.3317 0.0000**
WXM08 0.0002%** -0.6121 0.0014%* -0.5188 0.3480

WXM09 0.0013%** -0.0973 0.0000°** -0.6095 0.0001**
WXMIO 0.0000%** -0.9017 0.0000%** -0.9017 0.0022**
WXMI1 0.0020%** -0.3826 0.0000°** -0.5849 0.0000**
WXMI4 0.0000%** -0.7423 0.0000°** -0.5332 0.0002**
WXMI5 0.0000%** -0.7669 0.061 4 -0.2300 0.004 7 **
WXMI6 0.0000%* -0.6453 0.1602 -0.2019 0.0000 **
WXMI7 0.0007%** -0.4820 0.0602 -0.3595 0.0009 **
WXMI8 0.0004%** 0.0306 0.9999 0.09%92 0.0113*%
WXMI9 0.0021%** -0.5173 0.0015%* -0.5259 0.0021**
WXM20 0.0000%** -0.7123 0.0000°** -0.6782 0.0000**
Mni001  0.0001%* -0.4459 0.6503 -0.0376 0.1102

Mni004  0.0000%* -0.9072 0.161 3 -0.0246 0.0000 **
Mni009 0.0009%** -0.5628 0.0000%* -0.6268 0.0000 **

-0.4270 0.0135* -0.3842 0.0003°** -0.3183 0.0000°** -0.5141
-0.1894 0.1751 -0.2066 0.0238* -0.1783 0.0002%** -0.157 4
-0.6422 0.0000** -0.6524 0.0000°** -0.4329 0.0000°** -0.2271
-0.3692 0.0677 -0.2157 0.0023%** -0.2745 0.0052%** -0.3123
-0.5625 0.4156 -0.1547 0.0063** -0.2109 0.0096°** -0.3878
-0.3924 0.0654  -0.4108 0.0000°%** -0.2004 0.0000°** -0.3721
-0.1429 0.0004** -0.5897 0.0198* -0.3905 0.0215* -0.3892
-0.6025 0.0000%** -0.3541 0.0000°** -0.7195 0.0175°* -0.3692
-0.5512 0.0000%** -0.5108 0.0000°** -0.3725 0.0000°** -0.2981
-0.8%41 0.0000%** -0.7136 0.0000°** -0.6112 0.0000°** -0.5592
-0.3676 0.0000** -0.6301 0.0000°** -0.5550 0.0000°** -0.5170
-0.3810 0.6900 -0.1371 0.0000%** -0.0665 0.0015%* -0.4420
-0.4846 0.0000%* -0.5669 0.0022%** -0.4014 0.0000%* -0.5939
-0.4711 0.0010%** -0.4704 0.0000°** -0.4771 0.0000°** -0.6855
-0.0390 0.9565 0.1497 0.7706 0.2249 0.0236* -0.4002
-0.5173 0.6144 -0.0725 0.2587 -0.1795 0.0000%** -0.6718
-0.5420 0.0000%** -0.4700 0.0000°** -0.6343 0.0012°** -0.4103
-0.2415 0.0000%* -0.8672 0.0000%** -0.7920 0.0784 -0.2231
-0.5723 0.0010%** -0.4234 0.0073°** -0.1044 0.0038°** -0.2842
-0.4916 0.0573 -0.3615 0.0011%** -0.5023 0.0000%* -0.6601

. = 3R P<0.05; =% TR P<0. 01,
Notes: * means P <0.05; %% means P <0.01.

HRH 6 NEIMFFERREESE
0.062 0 ~0.180 9, H v, B IUH A A JL VLA 1)
194 35 A5 T B R A0, VI B 8 R R DU A ) ) 38 A
BT, RESWEH, HEL L3 MEE
(HE JTHMMER) BA K, KITPHE
PR (RDURILL) B —38, PR s — 28,
S H—E R,
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Genetic diversity of Macrobrachium nipponense on
a regional scale in the Yangtze River

FU Hong-tuo'** , QIAO Hui', LI Fa-jun', WU Yan’, GONG Yong-sheng’,
JIANG Su-fei*, XIONG Yi-wei’, WANG Ning'
(1. Wuxi Fishery College, Nanjing Agricultural University, Wuxi 214081, China;
2. Key Open Laboratory for Genetic Breeding of Aquatic Animals and Aquaculture Biology, Ministry of Agriculture
Freshwater Fishery Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China)

Abstract; Oriental river prawn ( Macrobrachium nipponense) is one of the most important freshwater prawns
for aquaculture in China. However, M. nipponense farming recently declined due to genetic retrogression.
Its genetic diversity of different populations in the Yangtze River with microsatellite markers was investgated
in order to give support to conservation and utilization of wild resources of M. nipponense. Twenty
polymorphic microsatellite markers were applied to investigate the genetic diversity of 6 M. nipponense
populations in the Yangtze River. The sampling sites included Chongging, Wanzhou, Yichang, Wuhan,
Jiujiang and Jiangyin. The average number of alleles (A) and effective numbers of alleles (N,) in 6
populations were 5.25 and 3. 462 2 respectively. The mean PIC value of 20 microsatellite loci was 0. 589 4.
Expected heterozygosity ( H,) of 6 populations was as follows: Jiangyin (0.630 8) , Jiujiang (0.609 6) ,
Yichang (0.594 5), Wuhan (0.593 4) , Wanzhou (0. 584 4) and Chongging (0.582 1), and their mean
value was 0. 629 6. The analysis of molecular variance ( AMOVA) indicated that almost majority of the
variance in the M. nipponense was within populations (93.08% ) ,and 6. 92% was among populations. The
F ¢, values between populations were 0.025 3 —0.083 8( P <0.05), which showed the genetic divergence
between populations in the Yangtze River was intermediate but lower than that in the lakes. It was probably
because running water promoted the exchanges between populations. Hardy-Weinberg equilibrium analysis
indicated that deficiency of heterozygote existed in all of 6 populations, which was probably because of rare
allele deficiency or null alleles. The genetic distances among populations ranged from 0.062 0 to 0. 180 9.
The UPGMA tree showed that Jiangyin stock formed an independent clade and resident S populations formed
another one in which Jiujiang and Wuhan populations clustered at first.

Key words ; Macrobrachium nipponense; microsatellite marker; simple sequence repeat; genetic diversity; the
Yangtze River
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