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Population Genetic Structure of Red Swamp Crayfish in
Haihe River Wetlands
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Abstract: Procambarus clarkii is an alien invasive crayfish species which is widely distributed in wetlands in
China. Clarification of P. clarkii population genetic structure will help to understand its spread process. Here,
we analyzed the population genetic structures of 9 populations of 151 crayfish individuals in Huaihe river based
on the CO I region. The results showed that the 624 bp long CO 1 region aligned across 25 haplotypes.
AMOVA showed that intra-population variation (92.20% ) was much higher than inter-population variation
(7.80% ). Haplotype diversity and nucleotide diversity were moderate, and the differentiation among
populations was non-significant ( F, =0.078). Phylogenetic tree shows that the genealogical clusters do not
match the sample locations well, suggesting that genetic differentiation among them is not remarkable, while the
gene flow is evident.
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HEENES X LB 5E0 FRATT T G b Y fig ) el
OB/ A TR AN o (KT 65 R E = S
& Y ( Barbaresi et al. 2003, Palstra et al.
2007) .

B & BEARAE W BR 04 A W7  Je  BiF 5 st
e ik ER L R, Hir, 2 &
MAEGETE S AR G AR bR i L A A b
WWRER 7 Thrid., BEE T T AEEARM
M R MR AR RN T
B A5 T K B 5E W) Bl N A [R) b 3D R
AL N AT RE . T4 R, B PCR 474
FOR AN DNA I 3 AR 55 AR 1 A2 W o 4
A H R T DNA F 35 BT i 4 fi
A [, B0 A R 194 35 £ 0 A 8Ok 8 32 B AT
MM, — 2853 F bR ic FF 4R H T K AR B
FRREIE A% 2% o3 BT I BF 58 b, 2o ik DNA LU
Hoe e A R R FR A, B A
A o 38t % 2 F X A bR i 2 — . €O
[ JE PR 2R R BE PR 20 v 13 /> 2 1 o G i i
R — T R P 91 78 S MR R 3 e i 38 R
Loy T4 38 A B[] 01 Tl ) 47 2 0 A KR 10 72
SR, TR W 2 AE R &S TR R
KV FR G4 A, B R E BT e T
YR (9 43 F & G2 2 RRD R 35 1% S B g
(Boore 1999, Medina et al. 2000, Donald et al.
2005) ,

T8 R JREME ( Procambarus clarkii) JRF=Fdb
FLUNFIEPEEF, A 1929 28 H ARG A E R
DIk, B 3 B K R R (R RS
2009) . HIFHZAREME A K E R 350 A8
5, HE SRR & R A A S R R e
LA 6T 4 5 4 P B 0T 128 9 9 A T D F AROK
BB Tz 04 T3 E AR A R IX 4
BT E B A S X 2 U L E A (E K
MAF 2009) o 5 G AR TR R AR 2
R — B E K, KA I AR YIRS fe £
FEPERA X MR BT T2 I E I, 1242
1k, FNAME AR TR ZORK DNA BT AR
IR _F 0k e [ S MR as AR 45 4 B gt A 22 R i

7 T WF %% ( Barbaresi et al. 2003, F K i 4§
2009) .

TREVAT AR A F ] R 40 il IX — 2% o B VT 0
TRETR] 3L A 5 22 32 38 143 AT A ok 2 g i
MR GRG0 b [ 2 R i 2y
MHLIX . AR SRR CO T FEH 5347
THEVA] e R D 2 MR B AR A 9 152 4% 2R, 4R
HCE SRFIRE (8 35 4% AL AR B2 TS [) b L R )
B35 PR 2 T O, LASBT O B A o T i 28 M i
14388 1% 22 A PR B 5 R T e ) 4 R 2
etk

1 bR ik

1.1 #ARE T 2011454 ~11 HLEHEM R
B H SRR AR R AE 151 ANBF AR T RS IR A
TR, RAE R AR A (5 BT H R (ga) JHE
EH (hb) , ZHAE B HTT TR (fy) 8 L
o (ys) (FCHEH] (wbh) | #EIR T (bb) | I ¥ 3¢
(Ih) L1 (nsh) RV IR BFRG B (xy)9 N Hl
PERPHE (1,38 1), B BARIE R HERCH
TE10 ~22 A, 3151 MHEAR SRETF KL
MR AR A2

1.2 DNA i2EL5 PCR ¥ #ift DNA %
WHIE T EAT AN 2 1. 0% Ry BAR A EE i
HLIKR I B A% 5 - 20°C 1877, €O T 3ER A B
FS I AE T A TR () ey A PR 2 Al
AL BIFES N, O T F. 5'- ATT GTC ACT
GCC CAC GCA TT-3',€0 1 R: 5'- TGT TGG
TAG AGG ATC GGG TC-3', PCR JZ W 1k % .
10 x PCR buffer 2.5 pl,dNTPs 2 pl(0.2 mmol/L) ,
Bt DNA 1 wl(10 ~100 ng), I Fi#Fg1 ¥4
1 wl(0.2 mmol/L) ,1 U (¥ Taq B ( Trans Taq-T
DNA Polymerase ) , K & ddH,0 #h /& %25 pl,
PCR IV 25144 :94°C A PE 5 min;94°C A% 1
30 5,50°C B X 40 s,72°C #EAH 1 min,35 MG
R 372°CASE 5 min, PCR 7= % I A1 0
R &gl fb 5, AR I AR, AT AR
TAEY TR () B A BR A 7 #3470 m
Wy,
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Table 1 Information of samples and their localities

i R R SR Hb Hb AR B T AE(R)
Local population Population code Sampling site Geo-coord inates Number of individuals assayed
H# Gan'an ga fEHHH B AR 32°16'35"N/114°01'47"E 10
#EI% Huaibin hb VU ELET K 32°2602"N/115°22'55"E 14
FiLIH Fuyang fy BT R 32°25'38"N/115°36'11"E 21
i I Yingshang ¥s bl R s R g W 32°32'39"N/116°33'32"E 19
FLHRIH] Wabu Lake whbh F7 L FCHR I 32°22'14"N/116°53'11"E 22
I3 Bengbu bb e 5 T e 32°57'13"N/117°17'16"E 13
I #E 56 Linhuaiguan lh JRUBH B i 32°54'40"N/117°38'34"E 22
2 11175} Nvshan Lake nsh BGTT 33°02'08"N/118°06'52"E 16
ATHE Xuyi Xy T AR 0 33°01'06"N/118°29'13"E 14

B1 ZREETEARES

Fig.1 Sampling sites of Procambarus clarkii in this study
O KA AL Sampling sites

1.3 HFEP/HFMLIE  FLEELL Chromas
2,13 BAFHATRAS N, R Clustal _X 1.8 i
FTIFAI LT, FILFH MEGA 4. 0 Sk AF43 #1551 14
PR B, I Kimura XS B0k 3180 05 14 1
B FIFH DnaSP(version 4. 0) B AF g0 i 5 AY |
AR 2R () R TTRRZHEE (7)),
AR R 5 E & 2 GenBank (JF 41 .
KC499580 ~ KC499604 ), I Arlequin 3.01 1
B4 F AL 543 HT (analysis of molecular variance,
AMOVA) fili 58 F0 8 18] 19 70 16 2R B F, (F-
statistics ) FIFEHF(N,,) . XTI CO 1 FEH P
HNHEFF  ARAE AN [ B R R 2 a) st A i g DA rh
1L FEIE ( Eriocheir sinensis) CO 1 B @5 (7

5115k HQ534048 ) S #MEE , FI I Mega 4. 0 {4
FT Kimura 2 B0 R FH 4B #2792 (neighbor-
joining ,NJ) 151 M RREINRELEE
B RFH 1000 U H 28K 50 Rk PPAL & 3 43 32
BFE,

2 75 R

2.1 mtDNA CO 1 EERFFIHARK X Col Xt
PREAT 50 BT e e, 2E1981) 151 A RUF 5, ik
B [l K R 624 bp B9 51 E 4T HE X4 T
JP o g 254 A28 S, 34 DRI 2E
S SR 24 ANAR SR A, A BRI A ik
ML, AT .G.C Fasrilh 26.7% .40.8% .
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19.4% 13.1% ,HHp A T &8 (67.5% ) " &
BT G.C R (32.5%) , IELAH A7 AE B i 1
sy
2.2 FMEBREATRMBEMEEN F 151 4%
[RJFZEE Co 1 Fparh, e T 25 S HfsR
Horp Hap_1 U0 Sy, 76 9 S b BRI
HRAT oA 5 BT Hap_2 py b 38 RhBE B P B0
EARCHRI AT S 12% 5 FRAEAY Hap_
3 F PR RV | FRLPH B b RO I U
5K AN AR 3L 22, & 28% ; HLA5 AL Hap_4
P AP RE H R AT AR AL = 5 8% 5 HiAy 21
S RIB R AR (R 2)

XF 5 FG R LU 9 A M LA EE co 1 3R
FIfL 22 5 AMOVA 2 Mrah L, 784
LR S b APRE RS S A 7. 80% , FlEE N

AL 7R 5715 92.20% (£ 3) . HABEAIZAEE
FE0 ~0. 842 Z[a], Hof gl bRk A5 8 2 1
Heie (h=0. 842) T i S Ap AR LAY 2 A o
R(h=0) o B%AF IR 2 FF 1k 5 14 2 AT BR Al A
(m=0.052 3), (KB IR FEE (7 = 0)
(F4),

T AL 358 7 FC D S R o B [ 1 1388 £ Ak
TR FE AL T v 2 AT R N A AE AR ] Y
R (F, =0.078 N, =2.955) , £ HuFFhEEE]
H AL FE BN 0. 022 3 0. 482 45 FhE
[i) 35 1% 3 Ak 8 B0 v A s e 403 0 B 35 090 o
(F,=0.482,N, =0.268), ifi[a) &b F #E T T i
) s 9 S RN 2 LL A R B 1 352 4% Al 48 Bl IR
FER K FE e (F, =0.022, N, =11.114)
(%£5).

*2 RREENARMBMEBLZNE CO 1 EFRERNE
Table 2 The haplotype distribution of CO I gene in the local populations of Procambarus clarkii

A

HE BRI Local population

Hi T B ik

Haplotypes N - .
Gan'an Huaibin Fuyang Yingshang

TSR FLIR
Bengbu

I 5 1L iR
Wabu Lake Linhuaiguan Nvshan Lake Xuyi

Hap_1 8 4 16 6
Hap_2 3 2
Hap_3 2 2 5
Hap_4 2

Hap_5 1
Hap_6 1
Hap_7 1
Hap_8 1
Hap_9 1
Hap_10 1
Hap_11 1
Hap_12 1
Hap_13

Hap_14

Hap_15

Hap_16

Hap_17

Hap_18

Hap_19

Hap_20

Hap_21

Hap_22

Hap_23

Hap_24

Hap_25

—_ N —m = e

12 6 17 13 9
13
1 1 3 2

—_— e
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*3 REKEEZNE CO1 F3 AMOVA 247
Table 3 Analysis of molecular variance (AMOVA)

among the local populations of Procambarus clarkii

F4 =REENSHEMENIZESH
Table 4 Parameter summary of genetic diversity of

Procambarus clarkii

AR S AU HME SFOrm JrzEds izt
Source of Degree of Sum of  Variance Percentage of
variation freedom squares components variation
b I 2 S
Among 8 54.775 0.242 7.80
populations
FRE S 5
- 1# 141 402. 365 2.854 92.20
Within populations
STt Total 149 457.140 3.095 100. 00
I#] 7 HE 4K

F,=0.078,N, =2.955

Fixation index

x5

GBI REE TREREE

bR AR
(h) (m)
Local (N) .
. Haplotype Nucleotide

population Haplotype o L
diversity diversity
H & Gan’an 2 0. 356 0.001 1
EVE Huaibin 10 0. 835 0.013 8
i fH Fuyang 3 0.410 0.001 8
i Yingshang 8 0. 842 0.005 1
I35 Bengbu 1 0 0. 000 0
FLHRIH] Wabu Lake 5 0.597 0.003 0
Ifi £ Linhuaiguan 6 0.411 0.004 3
113 Nvshan Lake 2 0.325 0.001 0
T & Xuyi 5 0.593 0.052 3

EREERSHEMBEENBEEMMLRE(F,) (T=A) MEEES(L=MA)

Table 5 F,, values (below diagonal) and genetic distance (above diagonal) between the local populatlons of

Procambarus clarkii

233 LR HE EEE I e 2% Z 1l TLERIH e Bk
Bengbu Fuyang Gan’an  Huaibin  Linhuaiguan Nvshan Lake =~ Wabu Lake Xuyi Yingahng

i35 Bengbu 5. 847 1.575  2.108 10. 117 2.177 0.268 2.086 1.943
E3BH Fuyang 0.041 2.915 1. 673 6. 160 8.370 0.575 8.678 8.670
H B Gan'an 0.137  0.079 2.657 9.001 1.766 0.320 10. 620 2. 044
£ Huaibin 0.106  0.130  0.086 2.203 2.355 0.913 1.924 3.373
I 7 % Linhuaiguan 0.024  0.039  0.027 0. 110 11.114 0.515 10. 117 4.652
2z 113] Nvshan Lake 0.103  0.029  0.124  0.096 0.022 0.296 6.382 4.852
FUIEW) Wabu Lake 0.482  0.303  0.439  0.215 0.327 0. 458 2.559 1.073
ATHE Xuyi 0. 107 0.028 0.023 0.115 0. 024 0.038 0. 089 1. 869
Wi b Yingshang 0.114  0.028  0.109  0.069 0.051 0.049 0. 189 0.118

2.3 MERZEABTERR ATHIREE
IR mtDNA CO 1 /9 J7 51554 , AR 35 A ] 35 R 78
Z VB 3 A B A S I YT 9 8 B D B AR
151 PR RGERAER (B 2), 5R 0 i
N, M ERRE 1A i b B A R BT g R
RIS AR BE S 2 IEAR TR R A s AR Sy
— A, — b Ty B ORE B A AR B T AN TR Y
LN

3 9 ®

LRI AU AR B R st Al R 57 32
FORIR TN L, i (0 3 B ALBEEE N €O 1
A T JREARFGF 5, S A I o R 16 2 A8 S ) A

R4y FAnic ( Barbaresi et al. 2003, Palstra et al.
2007) ,fEARAE YT E &R %R R
R A S E R A AU 5 R R R A B
Gy TR R | AT TO A S ) B
I 2 A n) BT ) A AR T2 H ( Dawson et al.
2001, Dawson 2003 ), AHF 5% A, o (G J5 2 4R
CO 1 JEHFH P RYTAE A T S EIE ST C,
G i, X 5 HABIROK AR AL, HATG 19 B 3h
Y1 miDNA BREEAL R G BRAEFIS B = , T A T
iR R O B (R T7 AR 2006) o T R
R CO T BE[H 51 PR 20 22 R A R 24
PE 5 HAB K AR A= YA L BA BRI K 8 T
T S S 55 /N R R ARE (TR 90 55 2010, B o 7
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Fig.2 The NJ tree of CO 1 sequence of Procambarus clarkii population
ga. T shb. T 5 fy. BBH 5ys. B0 1 ;whh. FUHEI ;bh. 48 The 1655 s nsh. 20100 5 xy. FRRA
Eriocheir sinensis. HHARGEE CO 1 FLF T (JFH15 HQ534048) FHMEE,
ga. Gan'an; hb. Huaibin; fy. Fuyang; ys. Yingshang; wbh. Wabu Lake; bb. Bengbu; lh. Linhuaiguan; nsh. Nvshan Lake;

xy. Xuyi; Eriocheir sinensis. Eriocheir sinensis CO 1 gene sequence (HQ534048) was outgroup.

S5 2011 ), A [A] M B R[] 35t 4% 0 1k 45 X
(F,,) i G AR (]38 4% 22 5 1 26 5 , ]
68 Sz Bk 3 2% 5 &R WAL T ( Benzie 1998 ), it
1R AFRE(F ) 2 W IHE T 3 388 o [ D 25 M 4%
Mo PR ) 354G BN (R 5) , BRI IX S 3
PRRPHE Z [A] Bk = 265 (135 4% 34k, HE TR 28 a4
AR, TEABIESE vh | W35 ol R FC 38 0 b 2
[ (AR SRR (F, =0.458) , FZBZ P A
i FEAFPAE (] Y3814 728 AR . B DR R R gt
TR AR FE R R Z —, BA RKP 5
PRI B ) AR EAE bE A (R R i W st A% 70

{t/N(Benzie et al. 1998) . TEASWTFE A, A
T v LG A R A7 AR A8 1 ) BE PR ZE AR (N,
=2.955) , Ifi ¥ 5 1 Lo Ll 3 Ao R i) 356 IR 22 9 4%
AN, =11, 114) | i i 35 b A F L 16 18
HEZ AL R ACE AR (N, =0.268)

A YRR a8 1L 2 REE RV AR R TRIR
B — AN BRI, B PFE I 2 A 1 5
YER5 K A A7 A HE A0 Y 3k A 3L Rl (32 0SE
2012) . SR E , BHE 2R,
YR ERBE A3 N BE B, HoA A7 S ik
IR R, — M A RIRE 5 (S 2R AR
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AN W b 1 R AR AR R B 2SR AR
55 VA5 A . 1 BB N 25 ( Medina et al. 2000,
Frankham et al. 2001, Dirzo et al. 2008) ., H%
NN LSS R IR ,90% st fE AR 5 kA
TERPRE NS (8 32 52 55 2010, BEOPISE 2011)
ABFFEH AMOVA S #7485 3 R | 50 [ R ES IR
TR 354 700 S E 20k B T &R N BB AR S5
(92.20% ) , >k A FPEER] Y22 5480 (7. 80% )
5 kg —,

50 CC R U T ELA Ao R 3 P A
Sy iE N AR AR SR Y B ae 1 (B
BAE2009), NRGERER LFH, RAARS X
BN IO, (E 2 5] 1 2 b A 4 22 B0 AT
RAE—R, BT AHIGE 1) R A S5 T4 A U T
T FR R R R A T AR | (v G
R 5 by 3L R [0 35 R 22 i e Ry i , i 1
i, PGB MR 25 B AR 22 1] () S R 28 L 2

£ £ x M
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