N A S 201146 0 2248 ol
Chinese Journal of Applied Ecology, Jun. 2011,22(6) : 1606-1614

KA BRBNFEREEEEHNNIES

DENW EAEMK DR TWhFE %£F4HE FRET
(" IR R AR A P B BT U i S A T R SR E A S0 =, R 2013065 * VLARE LRI AL SR A Y E R
KRR VIS 2233005 1 LI RASK SRS B E, LI 201306)

W E AASABELAMNMITEMEON T AW HRBITT EBENREEN 457
KW, 1S DB P E DA 3 AALA 2L Bonferroni TQEEE&%%@KE,E%%% 7 Hardy-
Weinberg ;15 NBERE M 4 A4 FH AT 0.683, B F B G HEHL B AT (EHHE
AR KR HHNE DA FREN LI FEER THE B &
B RE-BHIEAONMERER, IS ANBRIR QLA LALERAR  RETRE-EHT
B HT MY R MRS, BB E Y 2T B BRI AMOVA 24T & W, K ¥ B KRB 4
BEAK 8] AL AR E K (Fgp=0.011) ,98. 9% By 5% 73k B AR N, 1. 1% %k B KA, ¥
BETK D E WM R RTRRERPMEE TN, R X P TR
D, B E 0.206, B A 0K F R, AWM B ARBITATERTHEAH TER
TR N BB

FEiE HABI KM MIE mESEH

MEHRS 1001-9332(2011)06-1606-09 FESES  346.5; S917.4 XEAARIAED A

Genetic structure of wild Macrobrachium nipponense populations in Taihu Lake based on mi-
crosatellite analysis. FENG Jian-bin', WU Chun-lin', MA Ke-yi', DING Huai-yu*, HUA Xue-
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Abstract; By using eight highly polymorphic microsatellite DNA loci, this paper analyzed the ge-
netic structure of wild Macrobrachium nipponense populations in Taihu Lake. For the 15 M. nippon-
ense populations in the Lake, there were at least three of the loci presenting heterozygosity deficien-
cy and obvious deviation from Hardy-Weinberg equilibrium after Bonferroni correction. The ob-
served heterozygosity values of the 15 populations were all above 0. 683, displaying a high genetic
diversity , but the diversity varied obviously with site. For example, the genetic diversity of the east-
ern and southern populations at Dukou and Luxiang was higher than that of the western and northern
populations at Huazhuang and Yangzhu. For the 15 populations, parts of the loci showed heterozy-
gote excess and departure from mutation-drift equilibrium, suggesting that the population structure
had experienced bottleneck effect and the population amount had declined. The AMOVA analysis
across all the populations and loci showed that the genetic divergence among the 15 populations was
at a lower level (Fg=0.011). 98.9% of the genetic variation came from intra-population, and
1. 1% came from inter-population, suggesting that all the M. nipponense populations in the Lake
could be protected and managed as a single unit in genetic resource. However, the genetic distance
between Huazhuang and Wutangmen populations reached 0.206, being close to the delimitation of
species identification. Further studies would be needed for the sustainable utilization of the genetic
resource of M. nipponense in Taihu Lake.

Key words: Macrobrachium nipponense; Taihu Lake; microsatellite; genetic structure.
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Fig. 1  Sampling localities of Macrobrachium nipponense in
Taihu Lake.

Table 1 Sample sites and number of Macrobrachium nipponense in Taihu Lake

N FAEH HEARL
Population Sampled site Sample number
Jii#E Miaogang (MG) AT -L AR #E A Miaogang Village, Qidu Town, Wujiang City 60
% 0 Dukou (DK) M T S G BRIV TR Dukou Village, Linhu Town, Wuzhong District, Suzhou City 60
[l Luxiang (LX) TR TR X AR IR AT Luxiang Village, Dongshan Town, Wuzhong District, Suzhou City 60
i Puzhuang ( PZ) SR T 2 P X LI AT Puzhuang Village, Xukou Town, Wuzhong District, Suzhou City 60
F#: Chenxiang (CX) RN T 5 H X P L B A Chenxiang Village, Xishan Town, Wuzhong District, Suzhou City 60
K Taihuyugang (TYG)  FRIN TS H X 6 46 B8 I8 4 75 A Taihuyugang Village, Guangfu Town, Wuzhong District, 60
Suzhou City

11} Mashan (MS) TR T XA S LA Mashan Village, Zhenhu Town, Wuzhong District, Suzhou City 60
12 Huazhuang (HZ) To T X AL FE A58 Huazhuang Village, Binhu District, Wuxi City 60
S Y] Wutangmen (WTM) ToB T X S 3 T A Wutangmen Village, Binhu Distirct, Wuxi City 60
#A 5 Bogongdao (BGD) ToB T X A 1% Bogong Island, Binhu District, Wuxi City 60
773 Wanfeng (WF) ToB i X 517 4 Wanfeng Village, Mashan Town, Binhu District, Wuxi City 60
K Taige (TG) N T B X E HE KA Taige Village, Xueyan Town, Wujin District, Changzhou City 60
¥ Yangzhu (YZ) BT T B Yangzhu Village, Dingshu Town, Yixing City 60
Je3i Jiapu (JP) K 2 BLIE B I A Jiapu Village, Jiapu Town, Changxing County 60
JK7% Shuichan (SC) AT 5 2% X 14K F) Shuichan Village, Wuxing District, Huzhou City 60
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T 8 X 2 SR LRSI (£ 2) K A
FAgE AT R 105 XHE BG4, PCR
AZ M 10 pL,fufE: 1xPCR ZZE ik, 1. 5 mmol - L™
Mg’ ,200 wmol + L™ dNTP,200 wmol - L™ F R3]
#,0.1 U Taq 8,100 ng FAR, KR F B F KRS

PCR [ i >R B ok RS i 2 B 7% PCR 7
( semi-touchdown PCR) , LAY 2> AR Rk 5 P 25 7= A
SR &R 95 °C 4 min;94 °C 30 s; 52 PETRE (re-
naturation temperature, Tm) +4 °C 30 s,i$[% 1 CE
Tm;72 C 30 s;Tm ~ (Tm+1) & 4 PMEH, Tm 30 P
&R ;72 °C 8 min;4 CIRAE.

PCR M 48 1. 5% BrMR WL UK A 46 & 46 ),
8% AEAL L IR N MR TE I BEE AL UK 70 2, B 2014y
pUC18 DNA/Mspl, HRIKHLHE 8 V + em™ | PREAR L1k
e 4 R AT
1.3 Hskbi

MR 2% 417 A7 B B E JE N L, M GENPOP
4. 0P AT AR AL 3T, TR A0 5 PR B ( number
of allele, A) WU 2% & B (observed heterozygosity,
H,) M 42 4 JF (expected heterozygosity , H_ ) , Fl]
H U K551 T Hardy-Weinberg £ 55, 5k H Bon-
ferroni J5 AL IE Y 35 PR ARV, ARAE P (H AW A2 &
e st . FH Botstein 4517 19 2 AT R TR A
M2 A5 B & (polymorphism information content,
PIC).

FIFH ARLEQUIN 3. 11 3108 {4 352 % 43 4k 1
F-Bit 8 ( F-statistics, F, ) & J5 2253 #t (AMOVA ).
FIIH DISPAN 5 HEMARE] Nei” s i85 I 25 ( genetic

F2 BRBEHSHHIESY

distance ,D, ) ",

AR A0 i S0 Bk PRI AR | 36 T TG IR A A ik A
A (infinite allele model, IAM) | & 4 28 7% # #1
( step-wise mutation model, SMM ) Fil XU AH 5 75 £ 7Y
(two-phased model of mutation, TPM) , | ] BOTTLE-
NECK 3.4/ TSR 5 ( expected average
heterozygosity , Hy, ) , B N 1000 A4, I 575 R
55 (sign test) A1 Wilcoxon £3F 5 Fk YK 4 56 ( Wilcoxon
sign-rank test) JMHT 2 G 3 BE S B, LA i A b
TR G AL - TR - R A T AR 3 281k

2 HRE5HMH

2.1 FHRBE ZHE

8 X LS ITE 15 AN FEAR R 53] T 84y
18,8 LS A SEIN SR 3 PR, S5 HE R 5K
T 16 ~35 28], A 85 B EON T 9. 56 ~
26.04 Z [8], Z 245 B & & PIC /T 0. 888 ~0. 960
Z ], ¥ ok i B 2 A A s, T A AT R 2k
53HT.

15 MRS Z R ESH R 4 R, b
FATLAE i, T3 35 AR ST 2 45 7 D 8 fe K (A =
23.75) , Fifids R s E A IR (A=23.63) , Kl
AR /IN(A=19. 88) ; ol TRHAMIN A2 & B (H, =
0. 835) f K, Hwk 435l b ki B B4R (H, = 0. 831) Al
WHERER (H, =0.821), % EREIK R /N (H, =
0.683). LA R, 15 D REAR S L ZHEPEKF- 1 5
B, 0 3 B AR A 2 RE A e, KT AR e
BEUAHH X 321K

Table 2 Sequences of microsatellite primers of Macrobrachium nipponense

(A Hl> 79 FIYFHI(5737) SRR BE GenBank J¥31 5

Locus Motif Primer sequence (5°-3") Tm (°C) GenBank accession No.

Mni34 (AC), F:TGCAGAGAGTGGAGTGATGAA 62 GQ257531
R:TCACCCCATCAACCTAAAGC

Mnis (TG) 14 F: AGTATGCTTGCTTACCTCA 56 GQO257542
R:CATGAACGACACTTTTCG

Mni51 (CA) g .. (AC) 4 F:GATCTCAAGGCTTTGTAT 51 Q257548
R:ATCCTTTTCATCTTTCAG

Mni52 (TG) ... (GA) F.CTCGTTCTTGCCACTCTT 56 GQ257549
R:TGACCCGTCTATGTTCGT

Mni55 (AG) ... (GA), F:ATACATCACCCTCAATAGC 58 GQ257552
R:TATAAAGCCACATTGTCC

Mni56 (CA)5...(CA); F:TATTGGCGCAGCACCTAA 63 GQ257553
R:TCATCGGCTTCAACAGAG

Mni93 (TG)y...(TG) s F.TCACAGCACGAGATAACA 55 GQ257590
R:TGCCGATTCTGGACTTTA

Mnill5 (TG)5...(GA),, F.:AACAGTAAACGGAGTAGAAA 58 GQ257611

R:TGTCAGCGGCGAAATAAA
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Table 3 Number of effective alleles, expected and ob-
served heterozygosity and polymorphism information con-
tent for 8 microsatellite loci of Macrobrachium nipponense

i SR ARG WNRGE BER ZTRFERE
Locus A %L H, i o
N, H, PIC
Mni34 28 11.33 0.943 0.912 0. 906
MniAS 23 12.00 0.979 0.917 0.911
Mni51 16 9.56 0.521 0. 896 0. 888
Mni52 33 18.40 0. 828 0. 946 0. 943
Mni55 33 26. 04 0. 647 0. 962 0. 960
MniS6 28 18.08 0. 892 0. 945 0.942
Mni93 35 13.59 0. 667 0.927 0.922
Mnill5 28 20.27 0. 649 0.951 0. 948
A1 Total 28.00 16. 16 0. 766 0.932 0.928

®4 BEBNHEHRIEBRESHFENE

2.2 Hardy-Weinberg ¥ 537

15 MR 250 5 B9 Hardy-Weinberg ~F- £ £ 56
LEIRINF 4 FiR, W35 PEPR MEZE Bonferroni 74 % 1E
(P<0.003) J&7 , % REAAT 220 A7 3 AL i 2 35 i 1
Hardy-Weinberg “F-fif , H i B AR 3 A7 45,
FE BRAR ORI Dl RIETT A B S
ARG S D ARFE T R KT RERA 6
AL, ORI M I BE AR A T AL L MaST FI
Mni55 57 s 7E 15 ASFEAR 1 I 25 i 25 Hardy-Wein-
berg 1.
2.3 SN 5B

15 ANFERFE TAM , TPM F1 SMM 3 Fift 5 745 5 A
i BN - S R T 5 B Hyy, N3R5 T s . TETAM

Table 4 Summary statistics analysis of genetic diversity in Macrobrachium nipponense populations

BE{AK Population Mni34 Mni45 Mni51 Mni52 Mni55 Mni56 Mni93 Mnill5 A1 Total
i HE MG A 23 20 12 26 29 23 17 21 21.38
H, 0.967* 0. 983 0.500 * 0.817* 0.617* 0. 833 0.467* 0.450*  0.704
H, 0. 943 0.922 0. 869 0.921 0. 960 0.938 0.923 0.917 0.924
¥ 1 DK A 24 19 14 24 30 24 27 23 23.13
H, 0.867 " 0. 950 0.583* 0. 750 0.733* 0.983 " 0.867 " 0.700*  0.804
H, 0.919 0.902 0.872 0.927 0.959 0. 949 0.929 0.942 0.925
Flie LX A 22 19 15 27 30 25 28 23 23.63
H, 0.933* 0. 967 0. 600 * 0. 800 0.750 0.967 0. 883 0.750 0. 831
H, 0.918 0.903 0. 891 0.932 0. 962 0.944 0. 958 0. 949 0.932
M E PZ A 24 19 13 27 30 26 25 24 23.50
H, 0.883 " 0. 967 0. 600 * 0. 900 0. 667 * 0.983 0.817* 0.750*  0.821
H, 0.933 0.927 0.871 0. 947 0. 961 0.952 0.942 0. 945 0.934
5t X A 22 18 15 26 29 26 26 26 23.50
H, 0. 867 0.967* 0.567* 0. 683 0. 667 * 0.933 0.817* 0.917*  0.802
H, 0.923 0.912 0. 896 0.934 0. 964 0. 948 0.919 0. 952 0.931
Kb TYG A 23 20 14 31 29 24 23 25 23.63
H, 0.967 * 1. 000 0. 467 * 0. 933 0.517* 0.933 0.700* 0.767*  0.785
H, 0. 863 0.923 0.876 0.952 0. 953 0.944 0. 854 0.948 0.914
oyl MS A 21 21 16 28 28 24 24 26 23.50
H, 0.950 0. 983 0.567* 0. 867 0.567* 0.950 " 0.733 0.700*  0.790
H, 0. 886 0.921 0. 896 0. 945 0.952 0.947 0.932 0. 948 0.928
e HZ A 21 17 13 25 28 26 16 26 21.50
H, 0.950 1. 000 0.333" 0.817 0.500* 0.717"* 0. 500 * 0.650*  0.683
H, 0. 892 0.904 0. 821 0.932 0. 959 0.928 0. 764 0.951 0. 894
SHET WTM A 22 21 16 26 30 25 20 25 23.13
H, 1. 000 * 1. 000 0. 667" 0. 967 0.650* 0.867" 0. 833 0.700*  0.835
H, 0.912 0.931 0.922 0. 946 0.959 0.935 0. 907 0.944 0.932
WA BGD A 20 22 14 22 27 22 19 25 21.38
H, 0.917 " 0.933* 0.483* 0.767 0.633* 0.933* 0.717 0. 883 0.783
H, 0.915 0.928 0. 904 0.928 0.949 0. 940 0.905 0.942 0. 926
ERD A 24 17 16 32 31 26 22 22 23.75
H, 0.983 " 0.983 " 0.433 " 0. 950 0.717 " 0. 900 0.700* 0.533* 0.775
H, 0. 895 0.916 0. 885 0. 961 0. 964 0.934 0. 879 0.938 0.922
Kk TG A 17 16 13 24 29 19 19 22 19. 88
H, 0.917 " 0.983 " 0.533" 0. 900 0.617* 0. 900 * 0.467 " 0.417*  0.717
H, 0. 835 0. 906 0. 834 0.938 0. 947 0.920 0.913 0. 940 0. 904
I YZ A 19 16 13 26 30 23 25 22 21.76
H, 1.000 * 1. 000 0.417" 0. 683 0.583* 0.733" 0. 500 * 0.550*  0.683
H, 0.911 0. 874 0. 904 0.931 0.957 0. 944 0.914 0.945 0.923
S JP A 21 21 14 22 30 22 16 23 21.13
H, 0.983 " 1. 000 0. 600 * 0.733* 0.783 " 0.983 " 0. 500 * 0.550*  0.767
H, 0.903 0.910 0.872 0.933 0. 963 0.943 0. 880 0.948 0.919
K= SC A 24 18 13 24 25 21 20 25 21.25
H, 0.967 " 0. 967 0.467* 0. 850 0.700* 0.767* 0. 500 * 0.417*  0.704
H 0. 902 0.913 0. 849 0. 930 0. 953 0. 928 0. 909 0.952 0.917

e

* 2% Bonferroni £ 1E J5 /5 2.3 % Hardy-Weinberg S-ffif Deviations from Hardy-Weinberg equilibrium ( P<0.003) after Bonferroni correction.
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Table 5 Bottleneck test by locus in Macrobrachium nipponense populations

s Hy 1AM TPM SMM

Locus Hyq DH/sd P Hyq DH/sd P Hyq DH/sd P
Mni34 0.912 0.822 1.272 0.014" 0. 906 0.299 0. 460 0.937  -1.010  0.032"
Mni45 0.917 0.785 1.522 0.000** 0. 882 1.224  0.063 0.924  -0.478  0.266
Mni51 0.896 0. 695 1.600  0.000" " 0.823 1. 467 0.008°*  0.888 0.348  0.472
Mni52 0.946 0. 850 1726 0.000** 0.922 1452 0.031° 0.946  -0.011  0.394
Mni55 0.962 0.850  2.026  0.000°* 0.923 2.386 0.000"*  0.945 0.507  0.013*
MniS6 0.945 0.825 L7901  0.000** 0. 906 1.615 0.001%*  0.938 0.440  0.323
Mni93 0.927 0. 860 1.234  0.012° 0.928  -0.093 0.419 0.949  -1.090  0.042°
Mnil15 0.951 0.824 1923 0.000** 0.905 1. 985 0.000"*  0.937 0.614  0.088

* P<0.05; % % P<0.01. F[f] The same below. DH/sd: Hy 5 HEQ 122 545 1R 22 2 X Ratio of deviation to the standard deviation of Hy and HEQ-

®6 HEBMHAERL-ZBTEIN

Table 6 Departures from mutation-drift equilibrium in Macrobrachium nipponense populations

R (R=T L s Wilcoxon £S5 Rk AG 5
Population Sign test Wilcoxon sign-rank

IAM TPM SMM IAM TPM SMM

H_/H, P H_/H, P H /H, p P P P

J#E MG 8/0 0.018* 7/1 0.101 3/5 0. 167 0.004** 0.074 0.742
M DK 8/0 0.020* 5/3 0.587 3/5 0.153 0.004** 0.313 0. 055
fiti s 1X 8/0 0.018* 6/2 0. 296 4/4 0.373 0.004** 0.027* 0.383
i PZ 8/0 0.018* 8/0 0.015* 4/4 0. 348 0.004** 0.004 " * 1. 000
s CX 8/0 0.019* 7/1 0.135 3/5 0. 167 0.004** 0.020* 0.313
K TG  6/2 0.331 6/2 0. 301 3/5 0.153 0.039" 0. 742 0.055
il MS 8/0 0.018* 7/1 0. 098 3/5 0. 169 0.004** 0.195 0. 055
4EJF HZ 7/1 0.114 4/4 0.412 2/6 0.044* 0. 055 0. 844 0.020*
ZIET WTM 8/0 0.017* 6/2 0.317 5/3 0. 620 0.004** 0.027* 0. 844
WA BGD 8/0 0.019* 8/0 0.016 * 3/5 0. 168 0.004 * * 0.004 * * 0.250
JiE WF 6/2 0.332 5/3 0. 581 4/4 0. 364 0.020* 0. 844 0.313
Kif TG 71 0.118 6/2 0.307 2/6 0.046* 0.005** 0.250 0.039*
W YZ 8/0 0.019* 5/3 0.599 4/4 0.421 0.004** 0.195 0. 547
e Jp 8/0 0.019* 6/2 0. 299 3/5 0. 180 0.004** 0. 055 0. 250
7K™ SC 8/0 0.019* 7/1 0. 098 2/6 0.046 0.004 * * 0. 055 0.074
A1 Total 8/0 0.020* 7/1 0. 090 4/4 0.358 0.004** 0.008 * * 0. 844

H.,/H;: A 5N A S B2 [ Ratio of loci number with heterozygosity excess to deficiency.
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FR7 BARBEEEE F-HITE (Fg, ) EEES(D,)
Table 7 Pairwise F, estimates (Fg,) and genetic distance (D, ) among Macrobrachium nipponense populations
HEA Dy

Population JEWE WD BRE R BB KR Sl Bk RIETT BMAR OTEOKRR O OWE Jam kT
MG DK LX PZ CX  ifas  MS HZ WIM BGD WF TG YZ Jp SC

TYG

Fgr Jiiik MG 0.142 0.155 0.158 0.139 0.169 0.164 0.117 0.189 0.158 0.136 0.155 0.123 0.122 0.106
J% 0 DK 0.014 0.114 0.147 0.115 0.144 0.141 0.151 0.147 0.163 0.102 0.125 0.123 0.107 0.119
AR X 0.014 0.007 0.107 0.104 0.128 0.113 0.163 0.142 0.138 0.129 0.149 0.152 0.153 0.128
W PZ 0.015 0.012 0.008 0.102 0.144 0.141 0.159 0.157 0.160 0.145 0.169 0.150 0.155 0.139
Bk CX 0.013 0.007 0.006 0.005 0.118 0.133 0.131 0.150 0.130 0.123 0.147 0.131 0.117 0.117
JiMaHE TYG 0.019  0.013  0.009 0.016 0.007 0.138 0.165 0.162 0.154 0.115 0.153 0.175 0.134 0.140
iyl MS 0.012 0.009 0.005* 0.009 0.008 0.008 0.165 0.173 0.156 0.125 0.152 0.168 0.145 0.130
e HZ 0.016 0.022 0.026 0.028 0.016 0.018 0.020 0.206 0.167 0.137 0.164 0.131 0.122 0.132
RYETWIM 0.019 0.013 0.009 0.012 0.013 0.017 0.013 0.033 0.193 0.164 0.186 0.172 0.159 0.165
/5 % BGD  0.012 0.011 0.010 0.014 0.008 0.015 0.010 0.023 0.016 0.155 0.163 0.169 0.149 0. 149
T FE WF 0.015 0.007 0.010 0.014 0.009 0.009 0.007 0.019 0.016 0.013 0.122 0.135 0.116 0.120
K TG 0.019 0.009 0.011 0.017 0.017 0.010 0.009 0.023 0.019 0.017 0.008 0.156 0.132 0.126
R YZ 0.010 0.008 0.011 0.012 0.007 0.012 0.011 0.015 0.013 0.013 0.010 0.012 0.127 0.120
Jeid JP 0.011 0.003* 0.010 0.014 0.007 0.008 0.008 0.016 0.015 0.011 0.009 0.009 0.006 0.113
JKF= SC 0.010 0.006 0.007 0.011 0.007 0.010 0.006 0.021 0.011 0.011 0.009 0.007 0.006 0.005

*8 HARBHMBEEFHESN

Table 8§ AMOVA analysis among Macrobrachium nipponense populations

A5 SRR B A FI7FI FrEMAN J5 2% Ll

Source of variation df Sum of squares Variance components Percentage of variance (% )

HEATE] Among populations 14 127.223 0.0397Va 1.1

REA N 885 3823. 808 0. 6289Vh 16.8

Between individuals among populations

AR Within individuals 900 2756. 500 3.0627Ve 82.1

BR5E Total variation 1799 6707. 532 3.7313

JHFEARM /N (Fp =0.003) , TEARFE R FERFIA  FEdRAOE O Bt e | B S IR B AL 2RI
[ K (Fgy =0.028) , FLBRUE LMl S fnplits  Fo8 JEB AR  KIR TR et SE R IA iX &
TEURIE)TC 35 22 A0, O BRI ] 22 e B2 (P< ARSI AE S AL AR 3 = 1k — e I e
0.01). 15 M HEIRMEBREAS S AMOVA Mg S8 an VB, ARIBFA B A VR 1R B b 7K 3800 AR 35 25 S5 i
8 IR, 98.9% (B AL AR ok A REAR N, AT 1, RIBITPE ALERAL T 1 lietb X, AWK B 25 | HoK
1. 1% W28 520k H FRERI], RS AR TR 2y SRR LR X H AT MR AR AR B s
TR AL ZREEARXT RN AR | B 0 0 DX A, A3 T

HBIX | gk 2B ) 20 K R S

s w
wo® S I A VMR 2 B B S0 3£ 2 B A
3.1 BRI E 2R .
BRS8NI B 275 35 it PIC RBFIAE R 15 B K 28 B

AT 0. 888 ~0.960 Z[H], #i14ii Botstein 552 42 1 AR, HZ: Bonferroni £ IEJG , £ HE A 204 3
bR, 8 TR 28 (PIC>0.5) , AT Wik Sefy 568 A5 8 3 W 2 Hardy-Weinberg P47, R H 22 &
i 7053 M i BRI H A 3 MR ST A TR AR 11 38 A% 245 4. AR X UREH A H A TE SRR A i T3 8E 22 000 A5
15 TR 2% A BE A F 0. 683 ~0.835 Z[H], & 1% Hardy-Weinberg /-7 , HJi K 32 282 i T 7558 b
F 1 TR H ATRIR (H, =0.304 ~0.460) "7 i 1 Ui H A TR SR TE SR I B B Bt K it iz 2 B0 3]
R H A VR RS AR AR SR T 4 st 2 IR AR ER R UK IR, DA i RAE AN [R] AR S R
PR DL B R A i A SR . PRI AT 3 T ORI H AR AT H AT ERZEAS [R5 DX 0] 4 s % 238 i 1 AN [+)
TBIFA LS AP BT AT RFPIE T TAE, DALE o 57 58 7 T DCREAR 1] P 5 BT 3t 20, 2 17 5 1A A 38 IX. H A% 9
v & S ARBFFE Y, K H AT ERE AR A AR WM T Hardy-Weinberg ;.
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R S35 I 43 AT 2 DA AR A R R R A — il
2, OB AL IR AR B AR S 2 L. A ST A5 R
HTE TAM B, 15 A H AR SR EF AR TE BT A 7 45
FINZ Gt R, B Mni34 T Mni93 755 1) H, 5
Hy 25 50 WE A, AL il .35 5 76 TPM IRIX T,
Bk Mnio3 f s RIN B4 G A AL, AR S R
NGRS ADAE RIS Hy, 5 Hy 22 5%
BB W T AT S RIS A Wilcoxon 4455 BR IR A
WSSO A 78 TAM EARAE T PR AR A 56 28 BH K
T F AT R A ) 2 s o 2 LA 4 B a4 a5
M7E TPM #EALRER T | Wilcoxon £ Tk YK 16 ¢ B
A5 EA 0 2 ) 2 A R A AT DRI H AR T A
BRI 2 A 2 S 7 o, IR S T 28-S
i, 2 BRI H AR TR SRS 28 D7 T RS8O, A
IRBICER R 28 R RSSO 1) & A — T TS K I
AR K I A IR B W S R O, AR K AR ) 2
KB RAKIIREE A, X e sh A IR R
(1R 4 245 7% MR S b TRT VR V5 e ) %, 0 AT B3R H AR
TAUREF A= A TR AT, B s Rl b 5 R AR T
R PSR SIURON 1) & A ol B A U e A P
B 5y — S BT 6, T H TR A SR
A BT FH SR AS B R A T B AR AR 2E A T A%
PAT RT3 R S 4 ™, (15
U RAE S S ya: F N N Vs ik iy O VPSR E S B
25 D RRSTRLNE 9 AT A T R B A A, 2 R —
SR B it A8 S R K Sl A A IR | A ol o
FPAT R B, AR S ) A TE IR 08 o 9%
TRt fE Z e
3.3 BffREES L

15 ANBEAR ] 358 1% 23 A 48 £ T 0. 003 ~ 0. 028
Z 8], BRIV ANy | 2 LRI B A P A ) G . 3 25 5
Hh, A2 S W (P<0.01) . K H 7 B AR REA
i) 3% [ E 5L F o, oM 0.011,/NT 0. 05, BE T 15
A H AT IR A A 85 A 5 o0k ) R
TE R 5 8t AL 45 4, 31X 32 B 5 30 A St Y < 5
TLGE R AR A 7K 832 8 B I8 PN A1 25 28 A8 1 il 5
TG, N HUAEIE T H ARV SR 7R I8 XA [R) i o5 ) 356
DR A2, AT AT H AV AR ATS A e 5 AR PN AR S
X5 R ] RAPD J5 45 H KIS TR K 3% H
ATBARFARA LRI KL S AL 45 AN TA] X — 7
A1 2 BT AT AR ) JR 00 S DX o ch 35 Ay 4 T
SRAET 15 ANEEAR, I I8 KT SR S AR K A i
SRAETMN TC ES RN AE 4 TR DR SR A

b 2 AR B W S O B 0 2 IR IR Y
i A B AR, 0 R T A5 DX R B 32 X
D3 R HRARAIEE | 1 7 i H A 2 A [R] K 3k i) H A<
TRIR A Bl , 326 28 Ji PRI 0 2 fift A A AR ] 352 1 00 R 3
I AR AR BRI 7 — T R S AR SCR T T
Bt S S R SR E i DAL, =
A R R B Bt R R AR X 2y
AR AlA RIS RAPD ARic, IR 6 & AR 5. 2
Ak EE WSS BE, BRI T 2 ARC
Lt RAPD #ic 55 H A DL v Fn v ot M. B T A5
L KIS H AR AR S A5 L R EE S, HL
WA T 18 0 2 1 st A% 25 4 DRI A6 LA 5T 9 R AR 47
FIAE B 1 AR A I XA — S BT A T AL
PRAE.

15 MRHARR SRR B T 25 R R, RIETT S
e 2 [ s AL BB ik, D, {E 1% 0.206 (0.2<
D, <0.8) i Yy alist {4 1 25 il S, 7T LK
JEWAS AR R 20 b R AR 1 7 2 I 4 38
FREIA/NT 0. 2, BERH 8 4% 722 S5 R0 43 Ak AT )=y BR 7E
K. SETET TR FERE AR ] i O 1Y J X ] g2 e
THET ISR, 1] a0 7T B8 o 990 25 At Y 5%
EIREHARR H AR IR 22 22 5 1, 85851 A/
TREFFP U RS VR AR (M. hainanense ) £ 5%, B T B
TR S H AR AT DT N TA58, 2258 F, A
S = TR ER B B e ek A SR R ms'al L A
XAPIE OB 2 2238 Ja AR A A ™ 48 s 24 32 e
ARAEFR T I TR PR 28 ) 1k i 21 17 SR /K B vl 5
A HATRIRAR RS, Wh SR 255 | 5L P98 AT 5 G K I8
H S TE MR ST 27 1, 17 2 38 11 R4 P R (AR e a2
FRIA AR R Z B b IX, I T 4 ) 2 B Fh B2 )
MRETRAEHR TR R i — oK
UE (E BRI S SRR 5 [32E LA S SR A AR
HeiR B [ AR AKI A 43 F B O B AR T ARR AR
TR H AR VR AR 5 2 7 1.

AHIFFEIE A X A A H A VR MR 5L S5 4 43
B 48R T K B ASVR AR it ZREPEBR R0 T
FEA K B A TE R ) A 358 1% 235 4. B 9 5080 v vk
K H A TE MRS R IR AW AR — 1 =
RN H R AT FOEAR M TR E T
—E YIS ELA . H i T A TR o A AR E 4 0
Fofr ey SRR, DRI T H A T8 R A 5 9% 305 AT e 2 )
TAEA TR ST

B O BRMEEBEFRFATEACFRKBEIRE
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