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Tab.1 Sample location of M. ripponense stocks

Bk K&
stocks sampling site

RILWI IIHE R -L AR

EH BH {IHERETRNEEW
HMYX VLHREENTIHIER
RMEWX BTEMMITRMEERS

Huam B

location

N30°58" E120°26'
N31°32" E124°14'
N31°19’ E119°50"
N30°57" B120°06°

1.2 A&

DNA 3  RAZH/ [URERREILE
FHAE HATBAR B AL 4 4 8 DNA, IR 58 K
OD {E , P4 B Na i W i v, TR 0 /5 3 e 4
WHE, -20 CHRAEEM.

MELEFRLEMELG Bk B
Feng!'" & Yue' &4l 1L 8 5 2707 0k R BE B AN
BRI & (streptavidin coated magnetic
beads, Promega) B4k 380 1144 & H A fF iR EH
HHM TR ERCE, EHH DNA & 4118
Sau3ALHIL B2 )5, /B a4k 200 ~1 000 bp
DNA H B, JJ T, DNA #E##i5 Brown 3 (5'-
CGTCGACGGTACCGAATTCT-3'; 5'-GTCAAG
AATTCGGTACCGTCGAC-3' ) T, B E
4 DNA B pGEM-T B E#E I A B K
FFE DHSe 0, MITTEE 7 H A TR AR r B R 2 3C
PR ARIEXS SO L E R SR I E , PRI S T T
£ DNA 3|70 &, 72 1H O 7 5 i BT s A
Primer premier 5.0" #4511 4815 PCR 3|
Y. %5 WEBEB 3T DR 2.0 /75 A E
EARLHE R DR 3 5w £ 8 (P, perfect) \ AT E
I (I, imperfect) . & 58 (C, compound ) 3 Fr2k
BT ke, R TR R TR TR R K,

i S RIAMEREN 12 X
ZABMETIY, A R 4 S 60 B RIS
A A A HATIR X BRI 4T, PCR P=H4F 8%
AR SRR B BEA 4 B AR R gk
FEMARMET T KEEE, F] B GENPOP
40N AT R RS W, B S M EEK
(number of allele, 4 )., Y M| &5 B ( observed

heterozygosity, H, ) #1 # 81 4 & B ( expected
heterozygosity, H, ), ] B§ U & & ot 47 Hardy-
Weinberg -, 4R 5 P {6 1 8 2% -5 B i 2k sl
F. F Bowstein S AR EMTEM AL
&5 B & & (polymorphism information content,
PIC) , FIJTl ARLEQUIN 3. 1"/ 335 ¢ it 4 3
1LHy F-4E il 8 (F-statistics, For ) S 43 F 7 Z 5341
(AMOVA) , #|H DISPAN I+ H#4k/H] Nei (€
{&8E B ( genetic distance, D, )™, & F D, ¥4 &
UPGMA 254, 3F5E4T Bootstrap fulis .

2 ghif

2.1 RBERFIIEE

RERLIE ) 120 SOl 4TI . 7E RT3k
BT SR 0 111 Mk rp 24T 83 A~ 34
FEERHALT 10 KNH TR R, 52
K31 69.2% ,

RN TEFIKEXNEES 191 ~
580 bp, - #)2 311 bp, Ko wER BANE
EAEPE 500 bp LI, & 95.60% ,4 M RBERT
500bp, 5 4.39% (B 1), HARBIFHDEFF
HE AT InE 2 iR, (CA/GT), B (AG/
TC), BiF % L P 3 26T 1 4 k2 80, 4 9] o5 i
SEMMTEET I LRIHH 1 59. 09% &
20. 45% , WAPFEE WP (GC),. (AAG),.
(GAT),, (TGA),, ( AAT) . ( ACAA),6 H
(GGCAGA), % 17 Fivi .0 FF 5 28 B | X Be 28 Ay
B B HTEREIN 0. 76% ~2.27% , 3k o a0 %)
M EEHHK 20. 6%, FHEMAER Y
1.20% . RYBILE S Hbnifl, FBFFIRIGHI B A&
BIFERAMBEFIF, wEH & 25.75% ,3F
SEEA L 20.45% , 548 5 53.80% , WA
"R EFFH,(CA), > (AG), > (TA), =
(CG); =T MEEE LMK FF P, 2
(GGA),. (GAA), £, HK & (TAG),.
(TAA),, BMEREFHHKREN T 4 ~46,
2.2 EESHEMES

FASHEIRITHY 12 3 B A5 Pt AW 4 4
REURIEAT R R B A 2 p 12 3PS B L R
FI. R RN GR KR ESROINE 3 fin.
12 XH51 904 4 - RHEF B BRI B 2 4
Mri33 5| 7E 4 TRHERT S, S A5
HEEAFELEFERTENE 4 iR, 12 MEE
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Tab.2 Characterization of microsatellites in

M. nipponenese genome

MF0.873 1 ~0.95 1, H¥ Mni3l & H,

Mnil20 HiR , KA WHE THEELEE, THT

DR

% TR 43 classification of microsatellite

microsatellite

gpecies perfect

P

1

C

B BHA(%)
imperfect compound total  percentage

- (CA/CT), 27 24 27 78 59.09
WA ZFMEST (AG/TC), 7 3 17 27 2045
(TA), 0 0 3 3 2.27
. 60 (CcaY, 0 0 3 3 2.27
g 50 (GGA), 0 0 3 3 2.27
S 1o (GAA), 0 0 3 3 2.27
g (TAG), 0 0 2 2 1.52
= 30 (TAA), 0 0 2 9 1.52
% 20 (AGA), 0 ] 1 1 0.76
0 (TTG), 0 0 1 1 0.76
; {TGA), 0 0 1 1 0.76
<200 201-300 301400 401-500 >500 ESE(I;))” 0 0 L 1 0.76
n 0 0 1 1 0.76
HBA/bp fragment size (GGC), 0 0 1 1 0.76
(GTTT) 0 0 1 1 0.76
1 a
M1 AFBRILEKENEES S (ACAAY, e 1 o
Fig. 1 Length distribotion of microsatellite in (GGGAG), 0 0 1 1 0.76
the genome of M. nipponense (TGCTGA), 0 0 1 1 0.76
(GGCAGA), 0 0 1 1 0.76
total 34 27 71 132
%3 HABFLR2IM$SERIEMSSMNERER
Tab. 3 Characteristics of twelve polymorphic microsatellite loci from M. nipponense
A iR ki T
i LT 3147l SRR BIA(D) GenBank
locus matif primer (5° -3") \bp g accession number
size range temperatire
TCGGCATATTTCTTTACCT
M3l (GT), A CACCOTITCTCOAT 180 ~210 57 GQes7528
. AGTCCTGTGAAGGGTCTA ) \
Mniz9 (TG) 3 GCAGAATACGGTAACATT 237 ~ 254 51 GQ257536
CAAATGCCACGCAGGTAC
Mni AG) - (GT -
MnidT (AG) 1 (CT) COAGAAAGGCTTCAAGGA 114 ~ 156 56 GQR57544
ATACATCACCCTCAATAGC
Mnibs (AG),, - (CA), T ATAAAGCCACATTGICE 168 ~ 249 57 GQR57552
, TCTGTAGTGGGCATTGGT
MnisT (AG) GETOTCTICTGGTCGTCA 246 ~297 56 GQ257564
(CA)Y;-(AC)g-- TGACGCGCGCACAGAATA
MniT7 (AC) TOTTC GOCGGTAATGG 375 ~ 396 53 GQR57574
TACTAACACCGAAGCTATGC
ACY,, - ( AC ~ 218 L 25758
M6 (AC) ;- (AC); AACAGTCACAACCGAACT 168 ~ 213 59 GQ257583
TCACAGCACCACGATAACA
Mn93 {(TG) - (TG) 5 TOCOGATTCTGGACTTTA 216 ~264 53 GQR57590
AAGTAAAGAAGAGCCCAACA
Mnid6 (TG) CCAAGTGCCAACCAGTAA 186 ~252 54 GQ257593
, TAGCGTGAGTCTAGCAAC
Mnil03 (GCY -+ (GT) g ATGOTAGGGAGA AAGTOT 153 ~202 58 GQ257600
. CTCGTTCTTGCCACTCTT )
Mnilld (TG) - (GA) TGACCCGTCTATGTTCGT 195 - 237 50 GQR57610
Mnil20 (TG)4, ATT TCCCAATCTCG 185 ~ 174 48 GQ257616

TTGCCTGATTAGTGGTAT
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B2 Mnilld 4 D E{EY
M kTR
Fig.2 Electrophoretograms of locus 3Mrill4 in M. nipponense stocks

M means standard molecular weight.

Fd4 BSAFLRITMRUIBEAFTUSUEERN FEEREEEESR
Tab.4 Statistics of number of effective alleles, expected and observed heterozygosity and

polymorphism information content for 12 microsatellite loci of M. nipponense

B EEDE Ji5) /8 BRI R PEBREAE WA EHRAAH
locus mumber of t:mmber of expecn.sd obseer:d polymorphism
alleles, A effective alleles, N, heterozygosity,, H, heterozygosity, i,  information content, PIC

Mriil 46 23.66 0.959 7 0.687 5 0.956 1
Mni39 23 15.49 0.937 4 0.870 8 0.931 6
Mnid7 19 11.74 0.916 7 0.525 0 0.908 7
Mnis5 20 13.50 0.927 9 0.820 8 0.9210
Mni67 20 12.28 0.920 5 0.683 3 0.912 8
Mni?7 16 8.56 0.8851 0.750 0 0.873 1
Mnif6 23 11.98 0.918 4 0.945 8 0.910 7
Mni93 19 10.75 0.908 8 0.666 7 0.899 &
Mni96 23 10.30 0.904 8 0.8542 0.8951
Mnil03 17 11.67 0.916 2 0.920 8 0.907 9
Mnzl14 16 9.30 0.894 3 0.945 8 .882 8
Mnil20 27 16.30 0.940 6 0.762 5 0.935 2

4 MR R INZR S P, EXEHE
VISR HER (A =18. 25) , RILHAR/D
(A=14.17) , BB TF HEAEL S (H, =
0.914 9) R A, RILEF R E&E/N(H, =0.8886) , H
WEFT A, BRI W B R R SRR, T R
TR R AT AR . 4 BF iR 12 MR LB &
Mni86 Mnil03 f Mnill4 1§75 B 1% B Hardy-
Weinberg ¥ b, KAl i 5 M B & AR &
Bonferroni ¥ IE(P <0.003) )5 ,iNE LT 2 4
REf DB Z R B Hardy-Weinberg 28, 32 Bl
BERHFETERE,

4 MRFAREIRY Nei G fo B B Al A2 o ds
B(Fo) I3 6 fi 7, 4 UPGMA BREIMT BR,
BRE BN RIT AL R R e — iR, R )T
FHR S BEXAEBIR TR, 4 MHER
BT LIS EUIS/NT 0,03, 20 4 DRFRE R 1%
SRR S 4b, (AR K A B (P <
0.01) . AMOVA ST N3k 7 fras, 4 T REfE
97.58% JEAL7AE A7 A THERPY, (LA 2. 42% 1Y

w2 Rk B TR, (R B 5 kAR B
F(P<0.01),
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Tab.5 Sommary statistics analysis of genetic diversity in M. niponense stocks

ol v &4 Tocus Mt
index Mni3l Mnri3@ Mnid?  MnisS  Mni67  Mni77 Mnilc Mni93  Mn®6  Mnil03  Mrilld  Mnil20 total
A 39 19 14 16 16 15 18 16 19 13 1 23 18.25
YX Ho 0.6067°0.8167% 0.6167" 0.8167 0.5167" 0.7667* 0.9667 0.6167" 0.8333° 0.9500 0.9667 0.6067* 0.7667
He 0.9688 0.9375 0.8%26 0.9040 0.9165 0.8700 0.8094 0.9132 0.9172 0.8933 0.8378 0.9308 0.9110

A 3 21 14 17 15 15 £1 15 14 17 13 20 17.08
BH Ho (0.783°0.7067° 0.3333° 0.8500° 0.7167° 0.703™ 09167 0.583° 0.7167° 0.9167 09000 0.7333°  0.7500
He 0.9506 0.9361 0.8994 0.9275 0.0M0 0.9042 0.9158 0.89962 0.9029 0.9305 0.6088 0.9332 0.9149

A 2 15 13 14 14 13 11 13 13 12 13 17 14.17
Wi Ho 0.6667°% 0.9167 0.6333°% O0.8167 0.800* 0.6500* 0.9167 0.6833* 0.9333 0.9667 0.9500 0.7333* 0.8056
He 0.9374 0.9136 0.8727 0.9134 0.8981 0.8378 0.8536  0.8641 08727 0.8867  0.8980 (.9197 0. 8886

A 20 19 11 17 15 11 12 12 15 11 15 20 14.83

WX Ho 0.6333" 0.9633 0.5167" 0.8000 0.7000° 0.8000 0.963 0.7833 0.9333 0.800 0.9667 0.9167 0.022
He 0.9314 0.9307 0.8590 0.9006 0.8993 0.8289 0.807 0.805 0837 0.845 0.802 0.9336 0.8921

. * £ Bonferroni B 1E 57 8RB Hardy-Weinberg , AL SFHNHEAL,
Notes; = means significant deviations Hardy-Weinberg expections after Bonferroni correction (P < 0. 003 ), locus was heterozygote
deficiency.

®6 4MBEXFHEEE F-RHR(For NIRRT MBEAET (DA, XA L)
Tab.6 F-statistics and genetic distance (DA ,above diagonal) among M. nipponense stocks

& stocks X BH WwJ WX
YX 0.1984 0.1822 01638
BH 0. 0258 0. 2080 0.1905
wJ 0.0227 0. 0294 0.1272
WX 0.0198 0. 0267 0. 0183

R7 AT BEEMEESTREST
Tab.7 AMOVA analysis among M. nipponense stocks

R =]::). o T LE=L Vi FELH (%)
source of variation df sum of squares variance components  percentage of variance
FHAE among stocks 3 66. 625 0.13411 ¥, 9. 42
i
ﬁﬁ?ﬁfﬁﬁm within stock 236 1 443.183 0.699 26 V,, 12.60%
A& Py within individuals 240 1132 4.7166 7 V, 84.98°
MA5 5 total variation 479 2 641. 808 5.550 03

.o it 1028 AU AR B2 (P <0.01),

Noties; # means extreme significance (P <0.01) after 1 023 permutation tests.

a1 Wy i+
— ! ) 3 g
YX

L i BT 7458 5 R A 3 B8 41 o K
B3 5T DR UPGMA HH Bob B S P AE FAL T B A, 7 E
Fig.3 UPGMA clustering tree based on (Penaeus orieraalis) B AT BHE £ T AC fl AG,

D, genetic distance AATHEE T AAG fI ATCDB];fE%—X‘TIF(P-

Number indicate Bootstrap confidance values. m.onodon) E[{J CT ﬁﬁg? GT .,AT ﬂ] CG[P)] ;ﬂ_‘ﬁm

TEFHF( Litopenaeus vannamei ) 1 AG HEH EZF AC
Al ATV, 1 IR F ( Macrobrachium rosenbergii )
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My AG/CT KB &, Hik & GT" ™™, A@s
¥, HAB A CA/GT AR £, HIK R AG/
TC, X 5ALKE LRI SN E 2 S hEAX
FRAERMES FIIREY U RSP RTE
DNA —#L) CA/GT R AT/ 3, H i
B 172 H &I IR CA/GT 1 AG/ TC FFp2EH Yy
BRFEIGL, BHERESR, R AF
N PSRN EEEFEN(AT), &
HRF™ B (AT), 489 B BE R R
BES, WA R R 7 (CA) s M(CT)
IR R W & AT, AP T B AiE MR 4
(AT), BEERFIERJRBW, B A B 457 5F
BT R S B AA0 T ML A R — B R R
M. Bob,AMEHRBHAABIFERNAMTE
B g A8 53.80% , st R M A LR
BET 30% , TAE AL a4 B 40 b s2 e 5k
EEEY RIS A BT TN E LR
P M 50% MHE ™  WE R &
HEEHRE™ ., RRFEZEHPRTET
FIHERBAN, X RE S A R AR R HH#E
FEKAX, MAESM RS 2B I ESE
A X,

FUFE A 12 M R A S WG A F 4
AR H RBIRE A SRR, e B 269 4
MERMA, PRI TEM ARG T 22.4
A AR PIC {4 F0.873 1 ~0.956 1,3 %,
SFEART 12 M BEM SAHERBIFFES S
BEEEFHETE(PIC>0.5) " FHyfimps
BES T 0.914 9 ~0. 888 6, BiR B REE L S B
HAR & i 2% & 4, Hardy-Weinberg 45 73 17 &
R, B Mni86. Mnil03 #1 Mnill4 175 B 2
Fh, e s 5 B & PR MEL Bonferroni 351 IE
(P <0.003) )5, B/ 2 MR S LB E 1Y
AR XA e SR B AR IR T LR
R BN A TR 8 A RN 5 R % B R
A4 BT RN 4 B AR &Lk B
(Fo) MFZSERER 4 MEHERREDL
BEAMK(Fy <0.05) H5E 8 8 & AF
(P <0.01), M54 58 97. 58% FFE T REN,
F 2.42% WREE R B T RHAR , X T RE 2
SHAFEEIKEE DB, HEEEEER M
sl , Z50at B R T K S ek oK R ik (Y
FE4H ot B BE K 3% k24 Bk %, 4 AR

UPGMA BB 7-47 BN, RVTHIR MBI 7 B
BE/N, R R R BT, TR B R AR 1%
BER A K, RO R M, X 5 R %" R
Fi RAPD i3 4 A — B, R A b T H
M FRFR RS 09T I LA H A TR AR B9 A ) 3 51 L
KA. KW H A AR E 20 A K, B
AT I 3 X 32 3 X F) I AR 3 A o ok 88 088 4%
SZERAERTTAIBEST , XA R AF H AR AR FF Y B9
TR ER T HR.
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Isolation and genetic diversity analysis of microsatellite DNA in
Macrobrachium nipponense

FENG Jian-bin*, MA Ke-yi', LI Jia-le"** , HUA Xue-ming', DING Huai-yu®
(1. Key Laboratory of Exploration and Utilization of Aquatic Genelic Resources,
Shanghai OceanUniversity, Ministry of Education, Shanghai 201306, China;
2. Jiangsu Key Laboratory for Feo-Agricultural Biotechnology Around Lake Hongze,
Huaiyin Nemal College, Huaian 223300, China;
3. Aquaculture Diviston, E-Institute of Shanghai Universities, College of Fisheries and Life Science,
Shanghai Ocean University, Shanghai 201306, China)

Abstract; Microsatellite-enhanced genomic library of oriental river prawn Macrobrachium nipponense of
Lake Taihu was constructed using repeat-enrichment method with biotin-labeled oligos [ ( CA},; and
(CT),s ] and streptavidin magnetic beads. From a total of randomly selected 120 clones, 83 clones with
more than ten motif repeats were positive. And the sequence size ranges from 191 to 580 bp with an
average of 311 bp. The { CA/GT), and ( AG/TC), were the abundant microsatellite motifs with a
percentage of 59. 9% and 20. 45% in the isolated microsatellites. Other 17 types of repeat sequences were
detected, including repeats consisting of ( GC),, ( AAG) ( ACAA ), and ( GGCAGA)..
Characterization of these microsatellites showed that 25. 75% of sequences were classified as perfect type,
20.45% as imperfect type and 53. 80% as compound type. Genetic diversity of 4 wild stocks of M.
nipponense in 4 sites of Lake Taihu, i. e. Wujiang ( WJ), Binhu ( BH), Yixing ( YX) and Wuxing
(WX) , were investigated using 12 microsatellite DNA loci from the isolated primers . The allele numbers

e

effective allele numbers, observed heterozygosity and expected heterozygosity under Hardy-Weinberg
equilibrium were estimated to characterize genetic diversity. The result showed that all the 12 loci in the 4
stocks were highly polymorphic. Tests of departures from Hardy-Weinberg equilibrium indicated the loci
except Mni86 ., Mnil03 and Mnill4 in each stock with significant heterozygosity deficiency. Fg and
AMOVA analysis across all stocks and loci indicated that there was low level of divergence among 4 stocks.
The UPGMA clustering tree based on D, genetic distance demonsirated that Wujiang and Wuxing stocks
have near relationship, and they have a distant relationship with Wuxi and Yixing stocks.
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