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Comparison and analysis between P and Fgr of
mitten crabs in the Minjiang River

ZHOU Lu, WANG Cheng-Hui', CHENG Qi-Xuan, WANG Zhong-Qing

(Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Recently, differentiation in phenotypic traits (Pst) and differentiation at neutral molecular markers (Fgst)
across populations have been become an important topic in evolutionary biology. The Minjiang River is a key genetic
introgression zone between the Chinese mitten crab (Eriocheir sinensis) and the Hepu mitten crab (Eriocheir hepuensis),
making it an excellent area to study their genetics and evolutionary mechanisms. We compared and analyzed Psrin 14
phenotypic traits and Fgr in six microsatellite markers from 133 individuals of the mitten crab, sampled in the Minjiang
River in 2009 and 2010. The results indicated that 11 phenotypic traits were significantly different (P<0.01) between the
2009 and 2010 populations. The mean expected heterozygosity (Hg) of the 2009 populations was significantly higher
(P=0.008) than that of 2010 populations, but the mean allele richness (4R), observed heterozygosity (Hp) and inbreeding
coefficient (Fis) were all not significant between 2009 and 2010 populations (P=0.136—0.675). Fsr in microsatellite
markers was 0.1429 between the two years. In the 14 traits, only one trait (F2) was found with Pg1<Fgr, suggesting that
stabilizing selection is favoring a trait of F2; the other 13 traits were Psr>Fsr, suggesting that directional selection is
occurring. This study provides valuable data to the further study and analysis of the molecular evolution of the mitten
crab, and contributes a useful reference in comparing Psrand Fsr in other aquatic organisms.

Key words: Mitten crab; Phenotypic quantitative traits; Microsatellite marker; Molecular genetic variation
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FEEAAR ) B IR 1 22 52 (Lande, 1992; Spitze, 1993;
Wright, 1951). ‘€72 FE AN [ A4 [A) £ i etk 22 S
FLRE () — A FhR(Spitze, 1993). 4 Osr & KT Fyr
N, LUz 3 T W R RIEFEIR ) 2 Osr B3
NT Fer I, RUIREAALL T 5852 P AT ik £ 2
(O’Hara & Merila, 2005; Spitze, 1993; Whitlock, 2008).
BT FIdMRK, Osr 5 Fsr BB 8k
A=Wy A TR R 9T B4 2 —(Edelaa & Bjorklund,
2011; Evanno et al, 2006; Santure & Wang, 2009;
Whitlock & Guillaume, 2009). 7K7F=4:4H 2007 4F
RIE T ) Ost 55 Fsr I HEHFFT(McClelland &
Naish, 2007)J5, 4 RMJFEARIE. T Osr M
SR AR A st A Ty 2, X0 B AR AR O N
Mo H KR LRI PR 2 5 (differentiation
in phenotypic traits, Psr) KA Osr(Brommer, 2011;
Leinonen et al, 2006; Raecymaekers et al, 2007).
DR KW D R SR, P AR ORI
(Eriocheir sinensis) K H R85 (Eriocheir japonica)
T YR B 1K) W A fi T S22 U MK (Zhao et al,
1988). BLAN, 04T JIE I3 () P A TARER
TLAE) IR R B8 D A Il 9528 B8 (Guo et al, 1997; Ng et
al, 1999; Wang et al, 2008). 7 F</F# F F ki 44k
IIFEHN IR R I RS h H B Y S I SR
HIVRE 24 sk (Wang et al, 2008). 7EEY2A 451 L, 4%
BRI A dr A AR, — A IR, SIS
SRAHNZET:, A4 R FE A SR B o AN e AR T A
AZTC B PRI AT AL (U1 2009 47 HH2E [ SR8 1 2011 4F
HH, 2010 FHERNSEET 2012 F25EH. 2009
152010 4FR1 2011 5 2012 EGREIEAAFAE AL I
KIAZ i), PRI, VLK 2R GRS Ay bt 5 ok B i 1) 2
R ZE 5 5 00 T4 22 e 3Rt 1 IR A S 2R A
FEE. ASCIER G 2009 4E(FF4FE) 5 2010 4FE(fR4F)
T L Y [T 7K R GRS TR A R S B IR 222 S AT
WAy Tt 22 A, AEE AN B IR ER K
PR REIR 22 S (Psr) 5 70 1t A% 22 57 (Fsr) I
KA, LSRR 7 T A E SRR R TR,
I AP AR TR I 2 2 B 4

1 #MRFITTE

1.1 #8

ASCLL 2009 A1 2010 4 10 A FASRAER YT
TR VR OB IE T ARFEAR AR o SRATHb A5 A [ VT
FEMIVTEE, 2009 4EFEA 40 H, 2010 EFEA 93 H.

1.2 FEEEENE

TS0 R A ) B L GBS R A REAT R A PR
ZHROEE 1), 55 ATEBW). WATA T FE(AT).
ANEVT I BE(A2) Bk TR PR (A3) 27 ik )
BH(A4) 55 =M TR EE(AS) S 5 DU A 18] BE (A6)-
HWHESKEAT.. BHEKWL). AamMH). £ 2
AR (F1). BB RETKE2). B DL
WK(F3) BB D R FR A T i v (F4) . A
FEfE] 0.1 g, HABMEPRREHE] 0.1 mm. I & 5 FEA
BOP IR T 95%IPW5Rs /17, HI-T- DNA 28,

Al:1-11  A22-12  A3:3-13
Ad4:4-14  A55-15  A6:6-16
A7:7-17 L:8-10  FI1:18-19
F2:20-21  F3:22-23
HOAMERE  F4:224b 15
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18 St
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Fig. 1 Measurement landmark for phenotypic traits of mitten crab
1.3 DNA £H

s DNA $2ECR ARG ahid: Bk s L
W2 0.1 g, B /NI 1.5 mL 08, 37
CHA P BT RS, N STE 24 i# 22 7l i (30
mmol/L Tris-HC1, 200 mmol/L EDTA, 50 mmol/L
NaCl, pH 8.0) 420 pL, 10%SDS80 pL, 4 11 K(20
mg/mL) 20 pL, AN 56 CHEEA T
W PR SERE, IR NaCl 3§ 340 uL, #4% 5
min, ZRJGHIANGAT 340 pL, BHEIRA] CHILEMR,
13 000 r/min B.0» 20 min, HU FIREEN S — T
(IO, INTiVA (—20 C) A EE 400 L JE%],
4 °C, 12 000 r/min 250> 20 min, /ORI B3,
TIATA (=20 T 75%ZEE 800 uL ¥E# DNA,
VB2, 4°CF 12 000 r/min .0 20 min, {335 8%,
M. IO TE100 puL #fi# DNA, X5 IRAEE&H
1.4 I 2FRICH PCR ¥ & 54

I LRI 1R /S0 2R B 8 ik AL 5 | W)(Cheng et
al, 2009)%F FEAHEST PCR §7 1 . PCR S W s AR K
10 uL, f45 1 pL FE[KZH DNA(20 ng/uL). 5 pL 2%
M (0.2 pmol/L dNTPs, 1.5 pumol/L MgCl, 0.5
pumol/L Taq DNA &) 1 uL 514, 3 uL 2818 K.
PCR ¥ 4F2/7: 94 CHALYE 5 min, BH/GEET 35 4>
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IR, FHEIR Ty 94 CAME 30 s 48~61 ‘CiB K 30
sv 72 ‘CHLAH 30 s, fe)5 72 ‘CHEAH 10 min.

PCR 7~HIFI 5 E Qiagen 2w 2L ()isifk 5y
M1 2 48 (QLAXcel) HEAT AT I AN Fr B 73 4 o
1.5 HuEsE
1.5.1 RAEMPRZESF(Psr) T H HRRR IR
ZEOPIBRUT TRL), R EPITERZ AL, UL
TH BRSO AN BE A A I s, A4 S PR EEAT
SN B e o SR, R BB AT IR S TR
B R4 A 06 . N T Statistica 8.0 BAEXIAE IE 5
AP BEAT R 227 2 0 AT (ANOVA), BLAGHE %
RREAR I BEVR N 5 2 (o VIR J7 2 (o),
P Raeymaekers et al(2007)F) 2 205 AR
Z=5 (Pst), ~AXEAARWT:

2 g2 2
Pst=0ig/(0g+206y)

1.52 7Pt 2R Fsp) i E O RAE A bR
AT R AR, FIF FSTAT2.9.4 #1F(Goudet et
al, 1995) v S A4 U I % 5 52 (Ho) FH I B 2% 45 Ji
(Hg)~ SN E B (AR FIT AT R (Fis), FEREAT
W — AR R AT R 36 (HWE) . N Arlequin %A%
(Excoffier & Lischer, 2010) VIS #EAAK ] 1) 53 F-inif&
% 5t (Fst)o

2 &4 R

21 FTEMRKER

X 2009 1 2010 “F B BEFEA ) R AL PER B s
VEIEZSTER S0 N8 TR 56 A B, BT R BRIk 2
Byl /2 IE S PE A (P=0.073~0.824). 2009 444,
B EA R RT 2010 FFREEEE, LS
PEAR(F4 BRAM AR SRR JERR G T 2010 fE 4R g, H
W 2 Bros . R T 220 HT(ANOVA) R B B

A1(P=0.149). F1(P=0.096)# F2(P=0.897)="IR
ZEre A WAL, FoAth % 2 R PIRAEAN [F] A [6) 2 47
FER SR 3 2 57(P<0.149) (3K 1)
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Fig. 2 Phenotypic trait variation in the 2009 and 2010
populations of the mitten crab
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Tab.1 One-way variance analysis (ANOVA) for the 2009 and 2010 populations of the mitten crab

AR Traits BW Al A2 A3 A4

A6 A7 H F1 F2 F3 F4

F{f F-value

PAH P-value 0.001 0.149 0.001 0.001 0.001 0.001

307.07 2.10 31.00 57.17 34.13 21.46

10.51 18.20 43.73 2.82 0.02 3026 280.41
0.002 0.001 0.001 0.096 0.897 0.001 0.001

22 WIEBRETH

2009 F 2010 %F 5 [T /K Z2 98 28 1A T A2 st
FEAS ARG DL 2 FT7R o 2009 £ 95858 (1) F- Y 547
FEDVEIC T 2010 ARG, T SLM Iz & R S
FA L AS 2B T 2010 4F . My al—iR A4 1

I LW, B 2010 A HPX-69 f7 mifF &G
T —EAASTAiTAh, 2009 4 6 AN A AT 2010 4F 5 A4
A7 R 1) i B2 5 T R A AR P10 o oA, R ) ) 3
IR BEATAE N B35 25 7:(P=0.008), T LAl 3 /Mt
A AR bR YA FAE B 2 (P=0.136~
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Tab.2 Genetic variation parameters for the 2009 and 2010 populations of the mitten crab based on microsatellite data

f7 2009 2010

Locus Fst

n Ar Ho Hg Fis Pyuwe n Ar Ho Hg Fis Puwe

HPX-2 40 11.00 0.5750 0.8889 0.356 0.0000 93 12.36 0.3441 0.8696 0.606 0.0000 0.0361
HPX-6 40 14.33 0.9250 0.8392 -0.104 0.0046 93 13.44 0.8280 0.8929 0.073 0.0000 0.0180
HPX-9 40 9.53 0.4750 0.8851 0.467 0.0000 93 16.50 0.1398 0.2778 0.498 0.0000 0.4695
HPX-22 40 12.94 0.8000 0.9089 0.121 0.0002 93 13.33 0.8280 0.8990 0.079 0.0000 0.0165
HPX-54 40 5.90 0.5000 0.7133 0.302 0.0000 93 9.00 0.0538 0.3149 0.830 0.0000 0.3705
HPX-69 40 11.62 0.7250 0.9142 0.209 0.0067 93 13.48 0.8495 0.8838 0.039 0.1974 0.0280
Tl 10.89 0.6667 0.8583 0.2252 0.0019 13.02 0.5072 0.6896 0.3542 0.0329 0.1429

mean

n: PEARHG Ar: SATIENEE B Ho: AN A4,

He: WG Fis: ITAREG Fr: 22 FIE2E5E, P-value: W= AT Hirk s P (5.

n: specimen size; Ag: allelic richness; Hp: observed heterozygosity; Hg: expected heterozygosity; Fis: inbreeding coefficient; Fsr: genetic differentiation at

microsatellite markers; Pywg: P-value for Hardy-Weinberg equilibrium test.

0.675) PREARIAI 73 it 4E 22 7 (Fst) i 0.0165~
0.4695, ¥4 0.1429. AMOVA 23 #H7(F 3)th %1,
PREEAAR ) A A e, AR 1K 14.29%, BEAAN
AR EAE 22 5 21.54%.

R3 PEBEHTERTRESTFHESN
Tab.3 Analysis of molecular variance (AMOVA) between
the 2009 and 2010 populations of the mitten crab

BRUE i LRI ) AR P

Source of . o T
. df  Percentage of variation Fixation indices P value
variation

T A )
Between 1
populations
FHEAAR P ]
Among
individuals 131
within
populations
AMMEA
Within 133
individuals

14.29 Fs1=0.1429  <0.001

21.54 Fis=0.2514  <0.001

64.17 Fi1=0.3583  <0.001

23 Psr 5 Fgr bEER

A SRR Psr (H(BW:0.9788; A1:0.5105;
A2:0.9266; A3:0.9525; A4:0.9317; A5:0.9028; A6:0.8306;
A7:0.8895; H:0.9429; F1:0.5815; F2:0.0084; F3:0.9253;
F4:0.9783)f5, Wik Fsr KHEREEI(E 3)rTLE
L, BREE D AR (F2)IX — R AN, Ak
R Psr Y= T Fsr FH41H.

3 it i

A= 2 AR R ) B L 2 W, M 2% 5 3k
73, Pk, SR BRI IR R A I AE A
A DL BRE A 1) 1) 22 57 2 LU AR FH IR 7 5 (Leeann,
2008; Myers et al, 2001; Traka-Mavrona, 1996). A

1.2
1.0 R R . R
g 08 A A A R a A
=)
Z >
ko A
ﬁsf 0.6 .
& ?5 04 APy Fa
=02
0.0

BW Al A2 A3 A4 A5 A6 A7 H Fl1 F2 F3 F4
MR Traits

K3 VLK RGEHE N Psr 5 For HUER
Fig. 3 Diplot of Psr and Fsr for mitten crab
distributed in Minjiang River
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BE) 13 APrR B ER T, Br="MER(ALL F1 A
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ZEst, DA — Ay B o P AE . — R
B — IR A (B 2009 FFEAE AL 2010 SEAEARAAEAE
B HAFNFE R AU, AR A 1 s AR O A A4
T PRI 20 R ARG A R, N AN [F) A4
(] (1) SR B A AR R MR 22 e T AT . T
AbRd i H TR =3P I (Ma et al, 2005;
Zhang et al, 2010). ANBFFEEN G DRI I,
2009 5 2010 “EFEARIA], ARSI A FEAF AR W
Zed, MAESENIER 5 WA ERITAE &R
FOX = AL SR AL 0 22 5, R4 )
FEARI 7 F 1AL AR S 5 3R AR AP A AR e ) A —
BbE, XHWHIT Psr 5 Fer 8 T HFIFAT. LLE
W UE B, VLK FR O] B 8 ] A e b N H T R B R (1)
Pst 5 Fsr 5.

Pt 2 & B AN [RRE AR (0] 32 PR AR 20 A IR 2
Fr 72 5 5 A [F) B AR 18] 43 -7 bnac (19 a8 4% 2 S 1 1
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(Volis et al, 2005; Yang et al, 2008). it X} Pgr Al
Fsr MIECER, BT T A [R) AL AL D6 B A4 ) 22 e (1)
MR ERE R KA o FEITRS . RAR BEHE IR AR )
YERIE, RERIE] B2 AUPER 22 S i AL T 23 13
ﬁ??éj@r, {H 22 FE I 1) 3525 3 SO TR) 1) 2 RPER

3K T4 7k 72 5(Lande, 1992; McKay &
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