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Abstract : Genetic structure and phylogeography of seventeen natural populations of Macrobrachium nipponense
in Huaihe River were analyzed based on mitochondrial Cytochrome Oxidase Subunit I (COI) gene sequence.
Total DNA was extracted from 10 — 19 individuals of each population. A fragment of the 623 bp COI gene was
amplified using the primers LCO1492 and HCO2198. 48 variable nucleotides were detected, and 31 haplotypes
with 12 shared haplotypes were found in 17 populations. The result of haplotypic and nucleotide diversity
analysis showed a middle genetic diversity. AMOVA analysis across all populations showed that there were low

levels of genetic divergences among the 17 populations (F, = 0.041 3, P <0.05). The Kimura 2-paramter
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genetic distance between Wuhe and Jiaogang, Huajia, Wabu populations (D, = 0.014) was higher than that

between other populations. UPGMA tree and haplotype network based on the 31 haplotypes indicated that the

populations of the lower Huaihe River formed one clade and the populations of the middle Huaihe River formed

the two others. The biomodel mismatch distribution of pairwise haplotype difference and the neutrality tests

showed that population expansion occurred. These results would offer theoretical direction for the protection and

utilization of the M. nipponense in Huaihe River.
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Table 1 Sample sites of Macrobrachium

nipponense in Huaihe River

HEI Population FAEHD Sample site HUFAEH Location
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Fig.1 Sample sites of 17 Macrobrachium nipponense populations in Huaihe River
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The names of populations were shown in Table 1.
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Fig. 2 The MP tree of 31 haplotypes of COI
sequence in Macrobrachium nipponense
A C. W e s B AT R URRE A
537 ERIBEE R bootstrap H ;
Hapl ~ Hap31 F/RBLATHY | S BRATAL 31,
A .C. including the middle Huaihe River populations;
B. including the lower Huaihe River populations.
The data on the branch indicated bootstrap value.

Hapl to Hap31 indicated different Haplotypes.
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Table 2 Base compositions of COI sequences of Macrobrachium nipponense

F#E Population

Tk
Base s cp zy JG H WB GT QH TH HY WH NS LZ JH IS GY SB T
Average
A 29.3 29.3 29.3 29.4 29.4 29.4 29.3 29.3 29.3 29.3 29.3 29.4 29.4 29.4 29.4 29.4 29.5 29.4
29.6 29.6 29.6 29.6 29.6 29.6 29.6 29.6 29.6 29.6 29.7 29.6 29.6 29.6 29.6 29.7 29.7 29.6
C 23.0 23.0 23.0 23.1 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 22.9 22.9 23.0
G 181 18.1 18.1 18.0 18.1 17.9 18.1 18.0 18.0 18.1 18.1 18.0 18.0 18.0 18.0 17.9 17.9 18.0

FPREAFRIEILEE 1, The names of populations were shown in Table 1.
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SERM AW FEAR —5, 31 DRFEIIA R T
13 —2 5% ( 1-step clades) ,6 I~ %
(2-step clades) ,3 > =253 ( 3-step clades) ,
FIFHEAF Geodis 2. 0 #F47 H A B 2115, #c IR
Templeton £5;2% 7¢ A4 41E Wiy 15 21 19 Fh 7 25 44 F0 Ty
HEHM(FRS) , B 3-2 R ML PR 2R
BB HE A A2 R BN R R Z
T F BE PR 3t/ 4 B, AE P BE B R B i 1 i,
b SEA ALY Dy s g i T E 1R .

T AR R AL 2% OC R BT (B 3) (
RE AR, R ARACK B A H ), Hap3 25
F2 B i 1 SR AR H At B A AL R
KA, AR BIRER (Hapl3) | KT #f 1A
(Hap21) [FU3 IR 1A (Hap23) (4B KM HEAK
(Hap27) . 1F FH & B 4K ( Hap31) B J& H # M
Hap3 # J 28 | AR R 4 J0) 2 5 5 H Al 53
RUTE 4240 i th ok, AN 2R 1Y Hapl4 Bl 7 T H
Tl A% R 22 Ah o BRAG AU Hap3 Hy B AE I A3 5K
SRR, T A R RN 41.77%
(104/249) , Hap2 . Hap22 . Hap30 % & 75 —
M, T Hap5 . Hap7., Hap8 ., Hapl8, Hap25 .
Hap26 RG5H0—4H 458/ 5 MP 0+ RGR
—H

x4 BHEBMBEHEESHEESH

Table 4 Parameter summary of genetic diversity of Macrobrachium nipponense

Rl LRSI LRREiiPA s cn LML SEL AR 2
Population Number of haplotypes Haplotype diversity Number of polymorphic sites Nucleotide diversity
BG 7 0. 802 +0. 094 24 0.010 90 £0. 003 44
CD 7 0.721 0. 111 23 0.011 31 £0. 003 37
7Y 4 0.733 £0. 120 20 0.012 45 £0. 004 18
JG 5 0.739 £0. 075 27 0.011 44 £0. 002 96
HJ 11 0.882 +0.072 25 0.011 05 £0. 002 94
WB 10 0.902 £0. 050 24 0.011 31 £0. 002 46
GT 4 0.733 £0. 120 6 0.003 71 £0. 000 91
QH 5 0.505 £0. 158 20 0.006 21 £0. 002 94
TH 8 0.772 £0.097 23 0. 007 35 £0. 002 54
HY 5 0.719 £0. 080 8 0. 004 00 0. 000 54
WH 4 0.778 £0.091 20 0.015 34 £0.003 59
NS 6 0.648 £0. 134 17 0. 006 18 £0. 002 06
LZ 5 0.781 £0.074 21 0.007 31 £0. 002 64
JH 4 0.714 £0. 081 6 0.004 01 £0. 000 42
JS 7 0.872 £0.067 10 0. 005 31 £0. 000 55
GY 3 0.564 £0. 134 6 0. 003 50 £0. 000 87
SB 4 0. 667 £0. 099 7 0.003 61 £0. 000 86
ST Total 31 0.775 +0. 022 48 0. 008 26 +0. 000 72

FHEEZFRIENLZ 1, The names of Populations were shown in Table 1.

K5 IRIFEHERTR (Templeton, 2004) EM AR BINHBESTER

Table 5 Chain of inference for nested clade analysis of Macrobrachium

nipponense based on the key ( Templeton,2004 )

FRE#E(D,)

defblr EAERE(D,) Nested-clad FHKEE  MEER(P) L EaN i e R
Cladogram Clade distance es'te -clade Xz statistic Probability Clade key Inferences
distance
3-1 88.904 1S 94.526 48 19. 688 5 0.249 0 12-11-17-No W& 4R
* 5= [ o L 3 ﬁ g2
32 113.0450L 115851 1L 53.3766  0.0050 12-34-No %Eﬁﬂﬁ%lmgﬁﬁﬁ#ﬁ WA i
>
33 75.618 1 94.309 5 15.555 6 0.089 0 12-11-17-No  JGHfig 451
JENEN Z RS Y J DX/ B0E A bl 4
26.078 4L 21.356 3L 53.445 7 0.0090  1-2-34-5-6-7-Yes s
Total  KEEE MY

S F#mRBE/N,LFERIEZEK, S means significantly small, L means significantly large.
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Fig.3 Haplotype network from all haplotypes based on COI sequence of Macrobrachium nipponense

HI ~ H31 378 FA% IS 1 28 B0 31 s AR E AU AR RO TR A 6] B2 A3 7R 25 BT R R OR R IR (SR 1 &2
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HI1 to H31 indicated different haplotypes. Haplotypes in different populationa were in different colors. The lines in different types

indicated the genetic relationship among haplotypes ( The genetic relationship among haplotypes was moving away from level 1 to level

3). Each line represented a single mutation, irrespective of length. The size of the round indicated the number of each haplotype.

2.3 BEELEMSHT 17 MK COl A
s 1L 2255 AMOVA 43l SR 0L 3% 6, BEAA ]
WAL ML BB F, =0.041 3(P < 0.05) , %
FEAEA AL AR S B AR ) AR 524 4. 13%
HAR A 5ok A TRHAN . L E R
AR = B 5 HB AN R AR ) B (F, =
0.261) , FUR J& Fm 5 80F B BE AR 8] (F, =
0.259) 3R i1 5 1E PH G BE IR B S I (F, =
-0.079) ; ALFe ) 5 £ 5 W | FL IR | FT |
TR, 7 105 A, 45 IR
WA AR, R S B RER, bR ok
BRARI | IE BH 6 | £ B I A8 S L i R
T Je A% el 1 B Ak 22 (6] A7 E 2 e AL A Ak
(P < 0.05) ;= MR F I BEAR , BRAA 0 5 0% 4=
W1 IE FHOC 5 5 I A8 2800 2% ] R ] AR
ZIAETE A 2 3 545 431k (P < 0.01) , HiAth
AR Z R B 2 18t % 7k (P >0.05) .

F6 HABNREGHEZEZERKN
SFFHESTH(AMOVA)
Table 6 Analysis of molecular variance (AMOVA)

among populations of Macrobrachium nipponense

AR SRR IR Jr2Eday D2kl (% )
F M .
Source of df Sum of  Variance Percentage
variation squares components of variance
B . 16  64.380 0.106 56 4.130 85
Among populations
Eiﬁ‘l}t‘ . 231 571.265 2.473 01  95.869 15
Within populations
4 7 B
el 247 635.645 2.579 57

Total variation

WAL RE(F,) :0.041 3(P <0.05),
Genetic fixations index(F ) :0.041 3(P <0.05).

H AR BB (R 110 38 % B8 8 DL 3% 7, AR ]
B3 EE B TE 0. 003 ~ 0.014 Z[A], Tl FilfE
B T8 | 76 2 18 B BC 3G W T AR 22 18] 190 358 42 B 2 I
8,4 0. 014, 1= R -5 ARSI RE (A 22 I8 1) 382 4% 1R
B, 4 0. 003,
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Table 8 Parameters of the mismatch distribution of Macrobrachium nipponense from Huaihe River

ﬁ‘ﬁf T 0 , p *JEH%E}‘E%&I
Population (95% CI) Raggedness index
BG 0.000(0.000,11.881) 4.787 4.797 0. 055 0.101 68
cD 19.346(0. 551 ,80. 000) 0. 000 3.087 0. 075 0.123 92
7Y 19. 086 (0. 262,108. 086) 0. 002 4.090 0.118 0.218 27
JG 18.670(0. 000,63. 670) 0. 000 6. 802 0.110 0.204 28
HJ 0.037(0.000,6. 678) 7.142 99 999. 000 0.032 0.042 17
WB 3.375(0. 645,12.275) 3.373 14.028 0. 041 0.060 87
GT 5.289(0.199,30. 289) 0. 002 3.811 0. 085 0.204 44
QH 0.000(0. 000,0. 000) 0. 000 99 999. 000 0.329 0.332 93
TH 5.063(1.232,8.027) 0. 000 5.547 0.064 0. 105 91
HY 4.951(0.078,10.014) 0. 000 4.277 0.092 0.253 41
WH 19.535(0. 000, 108. 535) 0. 000 4.871 0.126 0. 160 99
NS 5.441(1.125,8.299) 0.002 3.599 0.114 0.218 14
17 4.129(1.238,6.078) 0. 000 7.676 0.071 0.156 10
JH 4.811(0.496,6.691) 0. 004 5.621 0.158 0. 445 53
IS 4.313(1.969,6.207) 0. 000 26.914 0.044 0.139 38
GY 5.094(0. 152 ,54.760) 0. 002 2.942 0.176 0.381 49
SB 4.971(0.000,41.970) 0. 000 3.070 0.115 0.451 43

FRERFRPEILR 1, 555 NRYETARER 95% Y ELH X W)

The names of populations were shown in Table 1. The numbers in parentheses are 95% credibility intervals.

2.4 BHEGUTOT 17 DRHRMAS B AR RS
B (3R 8) A KRN, K HEIRGL Py s B o 2%
(W26 5, A T8 J7 i 22 F1 (sun of squared
deviation , SSD) BHL G KE G, FATIAS BE 45 & Ik 7]
X PR Y BRBE AL (P, > 0.05), KK 56 Y
FE BB BC N, HL# B 22 S A Bl X 4, 4
25 SO EE BLARR o D22 SR O
R A3 RGN R JRE AR 20 o ith e 81, B A REAAR
WIRK Z W oA (B 4) . A FU 42 i
[, Fu’s Fs 1£ hitchhiking K R 5K 1975 B0 T
2xH Fu and Li's D*FI F* BA IR /1, #m)ih
Ui, MFu’s Fs &M Fu and Li’s D"HI F* ANl
FrF R 128 e AT BESE hitchhiking BEREY 5K
HEALAY Y A ER IR A R R (£ 9) 1B FH
X BB R BEAR B Fu’ s Fs B3, Fu I
Li’s F* M D" #BAN 35, BRHIHHEAAR D b |
KA IS . EBRIEFHOC S AE
Bl i) oY) 40 s W R ERAE ) 7 S BEAARSR L

HREAR R Tajima’ D Hl Fu’ s {53 0 f(H, £ W
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Fig.4 Mismatch distributions of Macrobrachium

=

nipponense from Huaihe River
Obs FR7R AU HI WL, Exp 7R SRUCHY I B,
Obs means observed number of frequency, Exp means

expected number of frequency.
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Table 9 Neutrality indices calculated for each
population of Macrobrachium nipponense

from Huaihe River

Tt Tajima’ s Fu Fil Fu F1 Fu’s
Population D Li’sD* Li’s F~ Fs
BG -0.57790 0.46204 0.20554 1.403
CcDh -0.03107 0.75073 0.61069  2.321
7Y 0.21110  1.37271  1.22181 4.528*
JG -0.49934 0.30611 0.08460 5.349*
HJ -0.42425 0.82225 0.53985 -1.376
WB -0.27027 0.607 17  0.409 85 -0. 167
GT 0.37099 0.77491 0.758 11  0.920
QH -1.609 12 -2.11827 -2.27038 1.867
TH -1.42390 -2.21596 -2.30171 -0.018
HY 0.30232 0.23166 0.290 68  1.229
WH 1.35437  1.37271 1.54261 5.372*
NS -1.066 88 -1.47514 -1.56657 0.954
Lz -1.34984 -1.68225 -1.82946 2.6l11
JH 1.233 11  0.63222 0.907 67 1.931
IS 0.10565 0.20065 0.20027 -0.840
GY 0.257 64 0.149 14 0.19899  2.388
SB 0.15860 0.176 00 0.19622  1.629

FEARRPENLR 1. = BEIME(P <0.05) .,
The names of populations were shown in Table 1. * Significant

differentiation (P <0.05).
31 1’
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H R 5T (nested clade analysis, NCA)
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