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B R EREIF AR RFELT RRIIT TR
SRR, N JE S H ARTREF A CHE R BE T
fill, S EAM SR Yang SR ALk 1A 40 i
% C % 1LEE I (cytochromec oxidase subunit I,
CODZEF X H AR . KIT5MWEIT/KEAL H AR
WRTF R T REIR IS AL Z T 5T . eAh, T REAL
P12 DNA (RAPD)H AR K (i 2. 8 5 )5 51 1]
X 3 (ISSRARICFE A XS H AR MR E 47 HF AR 35k 1% 2
ArAr A s O FRATT X e B P AR B U
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1.1 SRt

2012 4% %8 2020 4%, 7EHEATI0) B P IR 2R B IR
AN, RAE T KiE HARTFENEE N, B H
18 M HBERFEIA 135 B H A TR IR EEARVE A5 5 4

G2 B (10 i A A2, T R P B A TR (R 1), MEAREI R R EE KL B WA
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Tab.1 Samplinginformation of Macrobrachium nipponense
KFR B T R SKHEH FEAEL
basin tributarig population sampling location sampling date  sample size
Riokzx - EAd-ae RI4  FPHATRS K 2019.07.18 9
Yangtze River Tangbai River—Baihe River
[ SRO R SR} ‘ ; !
Tangbai River-Baihe River R17 T A BT R 2019.07.18 12
FED?EI*D?EI 4—) o2 H. /N & N
Tangbai River-Baihe River RI9 PP T S 2 bl Pl 2019.07.16 8
T—FHT. Hanjiang-Danjiang R20 R BE T BT A S sk 2018.10.10 6
#wkZ& T main reach B07 TF BT REAF XX I 51 2020.10.23 6
Yellow River  yiif f#Hil Luohe River-Yihe River ~ C36 % BT i B ELAH BE 7R R HE st bt 2019.08.12 5
0¥ Qinhe River HO7 EAETT RS HL R DA 2019.09.08 11
%I Luohe River MO07 =TT B X UL i 2019.08.07 4
SRR N NN _
—y [Il"\ 3 Al ZL—%/\\ . .
Luohe River—Jianhe River Mo3 SRl L e 2019.08.07 6
WEWKZE B Yinghe River A04 HRPH T B T VDO R 2019.08.12 9
Huaihe River i3 Yinghe River K08 VF B L A B 2019.08.08 6
NiRTIESL/ST] . 25 YT e
Huaihe River_Ruhe River QI8 BEILJE I 1L LRy it 2019.08.11 6
AT Wohe River P16 Ao gL BBE S BIER 2019.07.16 13
T main reach S19 fFRH AR X S & K8 2020.05.31 6
ks g EI0 WM BRI ORNEKE 20190817 13
Haihe River Weihe River—Qihe River
Al B4 22 PR 3 A B 28 A 2019.09.03 6
Weihe River—Qihe River ) o
NERTIESE ST N N .
Weihe River_Canghe River G03 B DTNk & /N5 IR 2019.09.05 4
i GO4 i & T ek e 2019.09.08 5

Weihe River—Canghe River
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Fig. 1 Sampling locations of the Macrobrachium
nipponense in Henan Province
red—the Yangtze River basin; yellow—the Yellow River basin;

green—the Huaihe River basin; blue—the Haihe River basin.

1.2 COI EEF 33K
B2y 0.01 g HATRIFEANLA AL, R -
SO B BOE H 20 DNAMY . R 1%B i wi e
JBEHL PR AT Nanodrop fiCE 58783 G EE T3 BIASI
SE4 DNA (i 5, 3120 CRAEH.
PRt COl ZEH 542 LCO1490: 5'-GG-

TCAACAAATCATAAAGATATTGG-3', HCO2198:
5-TAAACTTCAGGGTGACCAAAAAATCA-3"",

SR A TAEYHEARARAF A . PCR X
MAKRZR N 30 uL, f17% . 2xEs Taq Master Mix 15 uL,
EJIE 514145 1.5 uL, DNA BT 1 uL (100 ng), JG
FRZEK 11 uL, PCR UWAEFF A : 94 CHiAE
5 min; 94 CZ8ME 30 s, 54 CiHk 45 s, 72 “CHEAi
45's, 35MIFHR; 72 CAFEMH 7 min, 4 CHEAFS PCR
P 1% B RE R F DK A DN 5 6 2 i A T
A=) AR RS W BEA T 51 7 (5 1 4): LCO1490) .
1.3 HIESH

W7 3R45 %) DNA J¥ 512k H Lasergene v7.1 %t
Ay SeqMan! B AT N TR . KOIE J

YA PR PR SE Y TS BioEdit! R k0t AT
Z X, BUIRITAR B BORAS — 207 54 H .
Jf DnaSP 5.0k {1155 DNA 7 31 1 A5 B A5
(haplotypes number, %), Hf%HZHE M (haplotype
diversity, Hy) % R Z FEPE (nucleotide diversity,
)5 B AL Z REVES B T MEGA 7.0/ 8
GIBRSEL R . AR A A A5 B N
MBI B 2, IR IR R R R E X
Z, RSN 1 EF (Palaemon modestus) R AMERET),
1 E bootstrap {H-A 1000 K560 S (51, HR4EH M
SR (maximum likelihood, ML)F4 & R SE AL .

H Arlequin 3.5P9E47 43 FJ7 2253 H7 (analysis
of molecular variance, AMOVA)LA B B
TEANTRIZK 2R 18] B4 20 A5 S A% oAk 22 8 (F-statistics,
Fsr), #ETPEAG A WK 2 H A< T8 SRRE AR 1) 15 1% 53
CRREE; NIRF AP RED) LA, #H17 Fu's Fo Al
Tajima’s D 1 PEKE L (neutrality test) A48 Bt 4346 43
Hr(mismatch distribution analysis), PLiPAG HREAR
ST R AERREY 3K o SR Network 5.0 4y
Median-Joining 7244 8 H 2 773 HIF (1 BA Y o 28 14
PAJY M H B sk S R . FH BEAST v1.7.4%
B #17 Bayesian Skyline Plot (BSP)Zr#r i H
AR ARARE D S Sh AR 2 M, R 1.4%11 COI &
P AL )y Tracer vi1.5P44k ji 01 307 K B
% 45 Kl (Bayesian skyline plot, BSP),

2 HZRE5HMH

2.1 COI EREF 5451

AW I 3RS 135 4% COI F4, £BIT0
SHBG, 183K E 613 bp (9—BUFH ., & X
I3HTE, HASTEERZRIAR COT HePH Hedu & 78 537 o5
(V) 45 4, RSB 7.3%, HA 2 B
JL(P) 27 A, BAAR ST AN(S) 18 4, i 5 Eii Ay
FeAE R 434 2 1; JEHI T, C. A, G BIEMFE 5
AN 29.1%., 22.6%. 29.3%F1 19.0%,
(A+T)% K 58.4%, (G+C)%H 41.6%, FF& 35 K3h
Y1 AT B i m Rl
22 TEEESHEE

H AR IR A st ZREMES B R 2, 135
BB H A BERRE R b8 27 A ml, Hrb 20 4>
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LSRR A BRI S, 7 AN AL S R L
A, Hop AR R Hapl 2008 MRS R 2 10 s
B B AAIKER 1S ASBEAR 57T AR BT, HIR
MEER Hap2, # 4 TKER 7 DREK 20 A
P H AR T R A A A T 2 R Y L A
0.00000~0.93333, Hf {4 7 3 5. £ B 2 K¢ 1 K
0.78574, H:it A04. E14. GO4 BEIRBALE R AL
(Hg=0.00000)f ik, % H ¥ HA—~DHREH, BO7
TER A B 2 BRI (Hy=0.93333) R, TR E
FEPETE BIZE 0.00000~0.01658, BEAF-HIFRE
B h 0.01059, Hid A04. El14. GO4 BEIAAZ
IR Z2 B M (7=0.00000) e ik, R20 FEARAZ 1T IR 2 A%
PE(7=0.01658)f & (£ 2)o W& R, A04,

E14 J Go4 FEA TGt s R Z IR 2 H IR 2

FEPEYI AR, BO7. R20. KO8 ZEREAAR N 5 7R HAH
X A 2 RENE, HERIRT R, RITKR
IR A AL 2R, P B R 2 R
(Hy=0.74823) Ke % H R Z2 FEE (1=0.01149) 34 38 15 T
Hith 3 K&,
2.3 FhEfRMELEH

Wit MEGA 7.0 4%} H AT AR EEAAR 3EFT A
Xif A% BB TR TN, H AR VH IREE IR P s A%
B4 0.000~0.017, H:H A04 ., E14. GO4 BEAARZL
BAEIEE B/, AN 0.000, R20 BE(RLH P54 H
BN 0.017; PHPREMR ] A 3845 7 254 0.000~
0.029, H E14 5 G04 FEARL ]84 1 5 /),
41 0.000, A04 5 MO8 FEIARLL [a] 35t 14 H 2 e KN
0.029, 18 I~ HATHUFHE(AH, A04. E14, GO4 IL

x2 MEEANKZREARBREEANEESHERER

Tab. 2 Genetic diversity of Macrobrachium nipponense populations from 4 river systemsin Henan Province

KE i AR HAGRIEL

LiR

basin population sample size haplotype number haplotype Ha a Tajima’s D Fu’s £
KTk Z& R14 9 4 Hap1(5), Hap3(1), Hap8(2), Hap9(1)  0.69444 0.01191 023726  3.62030
Yangtze River R17 12 6 g:gég;:gzg%g’)l{ap“(l)’ Hap3(1): (63182 0.00795 —-0.96831  0.81555
R19 8 Hap1(2), Hap2(4), Hap7(1), Hapl1(1) ~ 0.75000 0.00950 —0.22059  2.46210
R20 6 4 Hapl1(2), Hap5(1), Hap6(2), Hap7(1)  0.86667 0.01658  1.40701  2.50790
HR R BO7 6 > Hapl(2), Hap2(1), Hap7(1), Hap12(1), 93333 01361 —0.58900 0.43336
Yellow River Hap13(1)
C36 5 2 Hap7(3), Hap14(2) 0.60000 0.00926  1.77661  5.04223
HO7 11 4 Hap1(7), Hap2(2), Hap14(1), Hap15(1) 0.60000 0.00630 —1.02075 2.34625
M07 4 2 Hap1(3), Hap2(1) 0.50000 0.00257 —0.75445  1.71605
MO8 6 3 Hap1(4), Hap16(1), Hap17(1) 0.60000 0.00114 —1.13197 —0.85842
WK 2 A04 9 1 Hap6(9) 0.00000 0.00000  0.00000  0.00000
Huaihe River g 6 5 gzgg(i()’l)Hap”(z)’Hapzz(l)’HapB(l)’ 0.93333 0.01487 —0.36101  0.58041
QI8 6 3 Hap1(4), Hap14(1), Hap25(1) 0.60000 0.00400 —1.39031 1.31156
P16 13 6 gzglz(g()’l)}’Iﬁ’;ﬁgl)igaplg(l)’ Hap19(1). 64103 0.00409 —1.32292 —0.67801
S19 6 4 Hapl(2), Hap2(2), Hap5(1), Hap7(1)  0.86667 0.00789 —0.75873  1.02106
H(iﬁai]{;lir E10 13 3 gzg;(;&,)HaﬂG), Hap3(1), Hap7(4),  g3333 0.00981  1.10965  2.92322
El4 6 1 Hap1(6) 0.00000 0.00000  0.00000  0.00000
GO3 4 2 Hap1(3), Hap27(1) 0.50000 0.00343 —0.78012  2.19722
G04 5 1 Hapl(5) 0.00000 0.00000  0.00000  0.00000
SR 18 135 27

average

0.78574 0.01059 —0.52984 -3.23400"

T Hy MR ZREYE, 7 WA IR Z FE 1, Tajima’s D 8 Tajima’s D FPER(E, Fu's F, 9 Fu’s F, PHERIG(E; «“* &R Tajima’s D

HFw’s FR 0t 25 fh 2 P A B0 L.

Note: Hy, haplotype diversity; z, nucleotide diversity; Tajima’s D, Tajima’s D test; Fu’s F, Fu’s F; test. “*”represents the Tajima’s D and

Fu’s F;tests significantly deviate from the standard neutral model.
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3 ANREAR I N 8% 1 25.(0.0000) 5/, Hi A04
TR H A B A 2 18] ) 4 TR) s A A B R,
5 R20 il C36 #EMRA )35 % /N T 0.02 5b, H 5
il A A M AR TET 0.02; HRE
C36 Rk, 55 At A5 EAA 1% 21 [R] 35t 1% FE 25 A
AR (F 3)0

H A TH SR HE AR ] 1) 184 70 AL R BL Fsr (3R 3)M
—0.167~1.000, X} Fgr (HiEf725 5 B EERL, 45
REIR, A04, C36. R17. R19, BO7 BEA S Hith
ZBRER B AEAE & (P<0.05) 8 M & & (P<0.01)
(Rt fl 225, Hidh A04 BER S P16.S19 BEIRSME
JIT A R AR 38 35 1 BE A% o3 A (Fsr>0.25), Hoist e
SRR B B 2 K- (P<0.01), T C36 BEHAY
R19., R20, B0O7. K08, S19 1 E10 3£ 6 NEEAAL
(%) At FHF K 35 35 1R BE 8t A% A3 Ak (Fsr>0.25), HList
LA IR B B K P (P<0.01) . it 15 /0 fE R B

*x3 AEE

Fsr 500 iR BE s 25 A0 — 30, /R A04 Al
C36 BER 5 L AMBER BIAEE R R 8% 31k

SHARBE N 4 7K R H AR IR R T4 T
T 27 HT(AMOVA), 4R B (K 4) H A THERRY
G AR S EEORIE TR AR ME], B 5
66. 03%, REAAR ] 5L 22 5 40.22%.

2L 75 T 1R (Palaemon modestus) (GenBank %

%%‘ : MK412768)E 7 EHE, H MEGA 7.0 # 4
P H A TE AR 18 M HEAR I ML R Gl E R (& 2a),
S5 0 H A TR MRS [R) B4 ] T A il R K 2R
GG R ) 4 32, BRI R G OC R 22
N E, T EKR ML

H Network5.0 {422 il BpA5% 784 ) 2% [£] (1] 2b),
H AT, H A TR SRR K &R A B 2 [ R JE

B S A B AL, R ) 7K R R AR (] 34 77 A B
fERI M 50, % Hap2. Hap6. Hap7. Hapl4

Mk & B ABIREREIRE S USRI (Fsr, MATH). BENEEES

(ffaLk, e kEEEESIALER)
Tab.3 Pairwise Fsr (below diagonal), genetic distance within populations (diagonal bold) and genetic distance
(above diagonal) among Macrobrachium nipponense populations from 4 river systemsin Henan Province

it KTk & H K &R e K 5 T K Z
popula- Yangtze River Yellow River Huaihe River Haihe River
on R4 RI7 RI9 R20 BO7 C36 HO7 MO7 MO8 AO4 KOS QI8 P16 S19 EI0 El4 G03 Go4
R14 0012 0012 0011 0015 0013 0016 0.009 0008 0008 0022 0013 0008 0.009 0010 0013 0.007 0.008 0.007
R17 0.154 0008 0.008 0013 0011 0012 0.009 0.008 0.009 0020 0012 0009 0.09 0.008 0.009 0.009 0.009 0.009
R19  0.048 —0.068 0010 0.013 0011 0012 0.008 0.007 0.009 0.020 0012 0.009 0.008 0.008 0.009 0.008 0.008 0.008
R20 0011 0.065 —0.025 0017 0.015 0014 0.014 0013 0014 0016 0016 0014 0014 0.013 0013 0014 0014 0014
B07  0.017 —-0.005 —0.101 —0.029 0014 0.013 0.010 0.009 0.010 0.023 0013 0010 0010 0.010 0.011 0.010 0.010 0.010
C36 0329 02937 0.180 0.051 0.096 0009 0013 0014 0016 0017 0015 0015 0015 0012 0011 0016 0015 0.016
HO7 0012 0.1587 0.046 0.195° 0.016 0.441™ 0006 0.004 0.004 0026 0010 0.005 0.005 0.007 0009 0.004 0.005 0.004
MO07 -0.042 0206 0.095 0.197 0.040 0.5577-0.139 0.003 0.002 0.027 0.009 0.003 0.003 0.006 0.009 0.001 0.002 0.001
MO8  0.070 0.425™ 0.333" 0.037 0263 0.698” 0.077 0.038 0001 0.029 0.010 0.003 0.003 0.007 0010 0.001 0.002 0.001
A04 0726 0.769™ 0.775™ 0.536™ 0.756™ 0.804™ 0.861™ 0.973™ 0.984™ 0.000 0.024 0.028 0.028  0.023 0.021 0.028 0.027 0.028
K08 —0.064 0.041 —0.036 —0.031 —0.096 0.173 —0.005 —0.015 0.176 0.735” 0.015 0.010 0.010 0011 0.013 0.009 0.010 0.009
QI8 0.011 02917 0.185" 0.265 0.103 0.563"-0.064 —0.167 0.000 0.943" 0.943 0004 0.004 0.007 0.010 0.002 0.003 0.002
P16  0.080 0.304” 0.216™ 0.352” 0.177"™ 0.6127-0.031 —0.165 0.018 0910 0.114°-0.090 0.004 0.007 0.010 0.002 0.004 0.002
S19  0.023 —0.046 —0.129 0.035 —0.106 0.264 —0.308 0.016 0313 0.861 —0.066 0.121 0.135 0008 0.009 0.006 0.007 0.006
E10  0.126 0.040 —0.059 0.018 —0.053 0.092 0.122 0.179 0.358" 0.723" 0.037 0.243" 0.281" —0.054 0.010 0.010 0.010 0.010
El4 0070 04377 0.349" 0383 0.279" 0.727" 0.074 0.111 0.000 1.000™ 0.188 0.000 0.001 0.343 0.366" 0.000 0.002 0.000
G03  -0.033 02627 0.142 0202 0.069 0.5547-0.067 —0.167 0.051 0.964™ 0.017 —0.090 —0.070  0.083 0.212" 0.111 0.003 0.002
G04  0.040 0.4137 0316™ 0.344 0.239" 0.700” 0.048 0.063 —0.034 1.000” 0.148 —0.034 —0.023 0304 0.349™ 0.000 0.063 0.000

s xR 22 57 .3 (0.01<P<0.05); “**7F 7R 25 S i 3 (P<0.01).

Note: “*”means significant differences (0.01<P<0.05); “**” means extremely significant differences (P<0.01).
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x4 AEERNNXKERBRBIREE AMOVA 5517
Tab. 4 Analysisof molecular variance (AM OV A) among Macrobrachium nipponense
populations from 4 river systemsin Henan Province

78 S A R F - Jr 8 S 20 I BT /% It & R E
source of variation df sum of squares variance component  percentage of variation  fixation index

#f{[6] among groups 3 18.781 —0.19428Va —6.24 Fer=-0.06245
4 FYTIN .
PRI . L 14 154.708 1.25115Vb 40.22 Fsc=0.37852
among populations within groups
#EAPY within populations 117 240.348 2.05426Ve 66.03 Fsr=0.33971"
At total 134 413.837 3.11113

TE: For RS SR Fse WEMNZESR: For WARBAER:; < FRR 2857 35 (P<0.05); “** KR 22 7% % (P<0.01).
Note: Fsr is total variation of population; Fsc is variation within groups; Fer is variation among groups; “*”means significant differences
(P<0.05); “**” means extremely significant differences (P<0.01).
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Fig.2 The ML maximum likelihood phylogenetic tree (a) and network of haplotype (b) of Macrobrachium nipponense
from 4 river systems in Henan Province based on COI gene sequences

BA /D w# e i aish, paER Hapl #8545

Rl 2, HEWBAAERL Hapl T RE N H S i MR 3E 1

IREEAR AR W 38 1 P it . FRBT M 4 i 1 A

FEREIR

24 HAZBEEEHMEEL LB
WEFE R TR YRR S . 4505341 &2 BSP 4317 3

AL G, X R N [FK &R H AT IR

FRHE DT 0 B A AT 434 o PRI 25 SR (3R 2) R,
T A 3% N H AR ERBE(R Tajima’s D K56 K fU(E
(Tajima’s D=-0.52984), {H G ¥ 25, Fu's F K
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Fig. 3 Mismatch distribution analysis of Macrobrachium nipponense populations from 4 river systems in Henan Province
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Genetic diversity of Macrobrachium nipponense in Henan Province
assessed using mitochondrial COIl gene

FENG Mengxia, TANG Yongtao, LIU Ruyao, YAN Xuemeng, HU Bo, NIE Guoxing, ZHOU Chuanjiang

College of Fisheries, Henan Normal University; Engineering Technology Research Center of Henan Province for
Aquatic Animal Cultivation; Engineering Laboratory of Henan Province for Aquatic Animal Disease Control, Xinxiang
453007, China

Abstract: Macrobrachium nipponense is a freshwater prawn with high economic value. It is widely distributed in
most freshwater water bodies and in all river systems of Henan Province. With the development of aquaculture, the
change of ecological environment in the water area, and the influence of contrived factors, the germplasm re-
sources of M. nipponense have also been gradually affected in recent years. To provide a reference for M. nippo-
nense in Henan Province, we assess the germplasm resources and genetic diversity of M. nipponense in Henan
Province. The mitochondrial COI gene was used as a marker to investigate population genetics of 135 M. nippo-
nense samples from 18 populations in Henan Province. The samples covered four main water systems in Henan
Province, including the Yangtze, Yellow, Huaihe, and Haihe Rivers. Results showed that the 18 populations of M.
nipponense in Henan Province contained 27 haplotypes. The average haplotype diversity (Hy) and average nucleo-
tide diversity (z) were 0.78574 and 0.01059, respectively. The Huaihe population had the lowest genetic diversity,
and the Yangtze River population showed the highest genetic diversity. High Hy and low = were observed for the
four rivers. AMOVA showed that major genetic variation (66.03%) occurred within the population, and 40.22% of
the genetic variation existed among populations. There was no significant genetic differentiation for M. nippo-
nense from the four water systems based on phylogenetic and haplotype network analyses. The demographic his-
tory analysis showed that M. nipponense of Henan province did not experience recent population expansion,
maintaining a relatively stable population size. This study can provide basic guidance for protecting and reasona-
bly utilizing the germplasm resource of M. nipponense in Henan Province, providing reference material for the
whole of China.

Key words. Macrobrachium nipponense; COI; genetic diversity; germplasm resource; Yangtze River; Yellow
River; Huaihe River; Haihe River; Henan

Corresponding author: ZHOU Chuanjiang. E-mail: chuanjiang88@163.com



