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iR DNA Fric, FZEPAE Cyr b I D-loop JT7
U351 (R A R A B TR CO T I (40 i
R C AALEETEE T )5 M 5 i i 3544 75 5 ) ok
FAGE . CO T HEMAE NLRAR DNA & RST
(751, BN R ST o8 B A A4 2 AR PR R 3 A 4L
(T H o AR BE IR T SRR CO T 3 BRI %] g 455
PUTREAT T DR YT K R A AR T G
RUEAT Tt e 9, A Hr AN [RK &R 22 0] 5 g
AR B SRR G KT LR, HHIIT
Ti BE MR AL ML S AR R Z ML R, B
e Ry P [ T 0 A T A BTG R AR R BRI 4R
HERF2E AR o

1 MBEFE

11 XEHMRRESLHIE

2015 4F 5 H % 2016 4F 10 H, [ pg 8 AW
U5 A A BA A 0T R 48 T K R G & TR EL 57 &
FERTFW, o i BB REWIKE) . K& (R
VEP & EoAg 1 imr, AR VR0 PH T BRI, SR T
R AIOT)  UET K R QL BB RS0, 3

AR AL, A5 BT B /NS ) AR TTK R (&
B a B A ], B S A
W, G ELR B GBI I v A CEHE) 5% 4 AR
KERAER 110 BYCHERE, #E 5 HACR A S
B WK 1. STHER A WIN A LURAETE 95%I kG
H, T B DNA 25,
1.2 DNA 12EH

FEH4 DNA WHRBCR b -A 0k, BikL
BRUR: B 100 mg A NIAAZ, A 495 uL
24 2% wPR (1 mol/L Tris-HC1 25 pL, 0.5 mol/L
EDTA 50 pL, NaCl 5mol/L), 5 pL & 17 Kk
4 20 mg/mL), 55°CHEABFIEL 2~3 ho fIIA
SEARFRAY A, ZEM8455) 15 min, 12000 t/min 2.0
10 min, W VE, A SERFR) &5 -5 B
REW (24 1 1), 28455 10 min J5, 12000 r/min &
> 10 min, WHL EIHWE, A 800 pL F&H ¥4 1
JoK ZBE(-20°C)ILIE DNA, 70%Z FEPES—IK,
T, IAGE & ddH,0 ¥ T 1 %3 IR AEE I
VKK DNA e, Nanadrop 2000 (Thermo 23 )
Kl DNA #e B, —20°C vkKAB R A4 .

x1 THEHMAER
Tab. 1 Sampleinformation of Zacco platypus populations

JK & basin Fh# population SRAEHD 5 sampling location FEAL number
ERTI TZH B MRS ERERTM 8
Haihe River basin HLH B TR 13k 2 BREK 6
K BA FEAEZ B ] 9
Yellow River basin QY 190 B T P 8

Y BRI AT I B ARHO 11
HEIT K 5 RY T BH B R 8R 16
Huaihe River basin LY e 1 ELACHE 15 % b dteo] 14
XX (SR RN D) 15
KITAR CL e L VRS AR R LA e 7
Yangtze River basin BH & 1P & T LR 9] 9
zY 5 LG B BH G AR L T8 A TR] 7

1.3 PCR # &0l F

FTPHaZekitk Co 1 FFI5 195K A Tvanova
28 FLAR 51 L3 2 PCR S A % 25 i, H:
Hifg 4% Buffer 2.5 pL, Mg®" 2.5 uL, dNTP 1 pL,
DNA 1 pL, B FHESI#14 0.5 uL, Taq fi§ 0.25 pL,
JH ddH,O %I 2 25 uLo S W #2752 94°C Fil 2214 4 min,
SRIGHEAT 30 MR, B MGFMUAE 94°CAEH: 30 s,

x2 SLWPAASIMIFIIER

Tab. 2 Information of primersused in the study

5|4 primer J¥%1(5'-3") sequence (5'-3")
FishF2_tl CGACTAATCATAAAGATATCGGCAC
VF2_tl CAACCAACCACAAAGACATTGGCAC
FishR2 tl1 ACTTCAGGGTGACCGAAGAATCAGAA
FR1d tl ACCTCAGGGTGTCCGAARAAYCARAA
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52°CiB k35, 72°CIEM 1 min, )5 72°CHEMf 10 min,  Tracer v1.5M i i 45 SR AT 350 ME

4C . PCR 1% B I8 K J H Yok AT

' 1%?? C }ii%ﬁﬁ ?Hﬁ%‘%ﬂﬁ(%ﬁk*i()] 0 BB

B AR R MBS, A2 BT AY T

FEA PR R HEATIN R 21 ANAREIKBRFEEMPWERIE CO | FHlE
1.4 HIESWH SRESHEEST

e 5¢ e, DNA J¥51 H] CLUSTALX 1.81 4%
FPOMEAT L X, ] DnaSP 5.0 #4058 B 1 R
% FE 1 (nucleotide  diversity, 7). A% A L AP
(haplotype diversity, Hy) A1 B & 5t 1% 53 b & %k
(Fst)o JH ARLEQUIN 3.1 #4447 Tajima’s D
K% . Fu's FS K. 70172 5550 B (AMOVA) K&
55 WE 4345 (mismatch distribution)/3#71; i MEGA
4.0 B A A 2 I A AL B R, IR
£l 4% 7% (neighbor joining method, N4 R4 &
B, RERS TS SCFFFRH Bootstrap 1000
RS E A5 H NETWORK 5.0 344 4
FAEHIRZ4 8, F Beast v1.7 B 4T Extended
Bayesian Skyline Plot (EBSP)4#7, 1l FpfE))
Ak, R AIBE A strict clock, /a1

%3

XK VAT g i IX 4 AN TR] 7K R 18 BT A i il
HEAT PCR PG, FRIFERRIIR CO 1)PH, F:BE M
SlE, 1200 H MR Bk 652bp, 48 X4
Mr i BR 5 i 5 A5 FFE R B 2 22 A K, A LT C
G & ED NN 24.6%. 29.9% . 27.0%. 18.5%,
A+T FH(54.5%)F T C+G S H(45.5%), 110 2
o SE AR RE S LA 2] 40 S BART R, B ) AT B
fiR1 6 4>, Hrf Hapl2(TZH. HLH. BA #1 QY)
H1 Hap11(TZH QY H1JY) it i) 5 #ym) /k & 452
Hapl(XX. LY. BH). Hap2(XX. BH. CL) N
5 KT K 2355 Hap21(LY . RY) 1 Hap29(BH .
CL)/3 & T e RN VTR &R o 45 A A 2 2 A 1
JE FI7E 0.33333~0.97222 2 8], KR Z AL
£ 0.00053~0.04816 Z[H](F& 3). LAk, Wi

MEIERMKAFEEERTEEZHMEER

Tab. 3 Genetic diversity of Zacco platypus populations from four river systemsin Henan Province

JK & basin BEK population HLFERIEL haplotype number FAAEAY haplotype Hy T Tajima’s D Fu’s FS
WK & TZH 2 Hapll, Hap12 0.53571 0.00085 1.16650 0.86637
Haihe River basin HLH 2 Hap12, Hap13 0.33333  0.00053 -0.93302  -0.00275
WK & Hap12, Hap14, Hapl5, -0.13379 0.07677
Yellow River basin BA 8 Hap16, Hap17, Hap18, 0.97222  0.02712

Hap19, Ha20
QY 2 Hapll, Hap12 0.53571 0.00085 1.16650 0.86637
Y 3 Hapl1, Hap23, Hap24 0.34545 0.00086 —1.83188*  1.05377
i 3 Hap21, Hap25, Hap26, —2.00318* —1.76957*
il K R ‘ RY 5 Pt Tapeo, b 0.45000 0.00079
Huaihe River basin Hap27, Hap28
LY 3 Hapl, Hap21, Hap22 0.38462 0.00064 -0.95919  —0.85452
Hapl1, Hap2, Hap3, Hap4, -1.18314 0.17309
XX 10 Hap5, Hap6, Hap7, Hap8, 0.92381 0.01604
Hap9, Hal0
Y 3 Hapl, Hap2, Hap9, -1.89110*  4.70597
KRR . . BH 6 P P P 0.88889 0.04816
Yangtze River basin Hap30, Hap31, Hap32,
Hap2, Hap29, Hap33, -0.62991  —-0.55232
CL 5 0.90476 0.00513
Hap34, Hap35
Hap36, Hap37, Hap38, 0.51788 0.67836
Y 5 0.90476 0.00257
Hap39, Hap40
JERE S total avg 40 0.92077 0.02439 —0.61039  0.47650

T Hy AR 2R, o AR 2 FE M, Tajima’s D 24 Tajima’s D {HAG 5%, Fu’s FS 24 Fu’s FS #:56.

SR i T PR A S

*F 7~ Tajima’s D Fll Fu’s FS K 4;

Note: Hg, haplotype diversity; z, nucleotide diversity; Tajima’s D, Tajima’s D test; Fu’s FS, Fu’s FS test. * represents the Tajima’s D and Fu’s

FS tests significantly deviate from the standard neutral model.
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KZN) HLH BEARTCIE B TR Z FE M AT TR
ZREMEIRAR, Tk B K ITK R P EEAR(CL .
ZY) . MEWK R XX BEAR L #R7K R 1) BA B
TR S 38 1R 1R st A% 2 REE
22 ANAEKRREEHFFENWEETR

i ARLEQUIN 3.1 3R {43155 5 58 i B Ak 1)
St gﬁi’\’ﬂﬁ%@[(lrs]‘), T R RREAA ] Fgsr {H1E—0.023~
0.970(F 4), Hr ZY #HIA S HAWBE AR Fsr 6
£ 0.762~0.970 Z[a], #54  & 1 2 57 (P<0.05),
Uil ZY 5HAbS RN AR Kb, MEGA

R4S AR B AL B B 7E 0.001~0.149 2Z 1],
[ 7K R 55 BT K ZR B AR (8] 35t 12 2 2 A28 2 e 5 /)N
(0.001~0.019), FEZ K REGE; MKIUKRERTH ZY
HE A 5 H At B 44 79 35 4% 5 25 38 K (0.122~0.149),
5 Fsr b R —2.

T RE 35 P4 DU 7K 2R (8] T BB R 1 AMOVA 43
Bral SR R (3 5), 60.59% 181578 5k [ BEAAR ],
37.67% st A5 oAk ok B BFIAR Y, Uh B BE 6 A 1A
(] 1 35t 4% 25 57 R B th AN TR K R I B4R [ st £ 22
S

F4 ARIENMHKRTEEEFAEEEIURR(Fsr, MAKTHMERESRD, MALKLERH)
Tab. 4 Pairwise Fsr (below diagonal) and genetic distance (above diagonal)
among Zacco platypus populations from four river systemsin Henan Province
\ MR K £ WK Z e K 2 KIT/KZ
ﬁ:}éﬁi Haihe River basin Yellow River basin Huaihe River basin Yangtze River basin
population
TZH HLH BA QY JY RY LY XX CL BH Y
TZH 0.001 0.019 0.001 0.001 0.003 0.002 0.012 0.005 0.030 0.123
HLH 0.185 0.019 0.001 0.002 0.004 0.002 0.011 0.006 0.031 0.122
BA 0.223%* 0.176 0.019 0.020 0.022 0.021 0.024 0.024 0.049 0.141
QY —0.143 0.185 0.223* 0.001 0.003 0.002 0.012 0.005 0.030 0.123
JY 0.199 0.455%* 0.300%* 0.199 0.002 0.003 0.013 0.006 0.031 0.123
RY 0.637* 0.727* 0.430%* 0.637%* 0.493%* 0.012 0.004 0.030 0.125
LY 0.692* 0.723* 0.376* 0.692%* 0.671%* 0.524* 0.010 0.004 0.029 0.125
XX 0.181%* 0.138 0.073 0.181 0.272%* 0.260%* 0.140 0.013 0.039 0.132
CL 0.459%* 0.480%* 0.262%* 0.459* 0.453%* 0.400%* 0.447* 0.120 0.030 0.123
BH 0.068* 0.035* 0.148 0.068* 0.121 0.134 0.106 0.094 -0.023 0.149
zY 0.957* 0.952* 0.845%* 0.957* 0.958* 0.967* 0.970* 0.881%* 0.935*  0.762*
T *Fm 24 5 11 35 (P<0.05).
Note: * represents significant difference (P<0.05).
*k 5 AEREAMNKRFEEERIKX AMOVA 51

Tab.5 Analysisof molecular variance (AMOVA) among Zacco platypus populations from four river systemsin Henan Province

55K #2277 A5 S 4 ST AE0% A5 7
source of variation sum of squares variance components percentage of variation fixation indices (P value)
41l among groups 168.18 0.15 1.74 0.02(0.13)
73 #H B ] among populations within groups 387.87 5.18 60.59 0.62(0.00)
REIA P within populations 318.82 3.22 37.67 0.62(0.00)
AT total 874.86 8.55
23 EBEBRENRFZREXR KRV RAKITIKZ ) BH, CL BEARERN I 4h—

VIK Wy (Raiamas guttatus) RHMNEE, RH NJ
Db i R G KB R B A R 7K 3R 5 i AP R 2 ()
MARGEKERXRFRE DAR BN, KILKRIWZY
BEAR B AL — 32, WK R . BROK R L T

A3, SRR A G, (IR itk
SR S AT RN b RS AR X R, B A AR R
Gaxiin

PAAEI 25 T R, 40 A BT TR T A b B
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Fig. 1

Neighbor-joining phylogenetic tree based on mitochondrial CO I gene of Zacco platypus populations in Henan region

Bootstrap values were indicated above branches, and different colours represented different sample populations.
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24 X EEEM MBI RIS

FIH MRS . BTG A6 F1 EBSP 23 B = Fh
J5 I 5 ) R b IXAS [R] K 2R 066 %) R g s B
AR, R g5 S B, T R b DX G 6 AL
KK I Tajima’s D #5654 7 {8 (Tajima’s D =
—0.61039), Fu’s FS ¥ 46 M IE(H (0.47650), {HJE2
SR B (P>0.05)(F% 4). FEHEC/ G 45 BoR 7
figs 1) 5 T 0 A 1 42 22 22 W AR A I O T i

IX G S R AN AE SR AR R R RS . AT
WE— AL BRI DT S 2h 2, F Beast v1.7 BffiE
1 EBSP 730, 45 BoR sidE AN EAE 36~8 Ma 2
[ PR FR0E, 8 Ma LUJS FF S 3 R B a3,
#] 0.7 Ma FHEH BUT BE, 5 P O 46 R
THIA 3),

3 itig
31 AEAEHHNEESHEYE

LRI CO TIEN—F o Fhrid, fEAEnT
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A5 308 o ] R B N TR L BT TR T
4 P IK R GEERR Y CO TILHFEAT T PCR Y714, 46
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Fig. 2 Haplotype network of the mitochondrial CO I gene as calculated by Network
Different colours represent different sample populations, and the size of each circle indicates the frequency of the haplotype.
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Fig. 3 Historical demography of Zacco platypus populations in Henan region

In the mismatch distribution of Zacco platypus populations, solid line represents the expected value and the dashed
line represents the observed value. In the EBSP analysis of Zacco platypus populations, black line means the median value.
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DR R REOAR (B] () P 91 22 57, 245 R (0 7 o 0o i 45 1
TRGCRLR CO 1P HI IR EE 7 B 22 IS K, R Edl
B AT &8 T GC & i, %45 R 5 M2 LbL ik
DR B B R e AR R R G s R R — B
TEHERR 110 BRI I ) 40 A~ FRA% A,
WK RZMERKRAE | AL RAERL Rk R
FHRITAKRA 2 AR 5 e 2R HT
SRR, 11 HHAR I SEEE 6 Hy A1 7 2518 555
4 0.92077 A1 0.02439, AHET) A HIX B 6E i 1Y
WAL 22 B M KT (H3=0.908, 7=0.01961) 4 24 A
Ko BH N Hy Fl o 2 i 5 A 3515 22 R s
LB bR, SFBER/N . EIE . T
GFP LTS . BRI A A E E DI
SO ARBFgE v, K R B HLH AR 24 3
Z R R T TR 2 4 1 38 e AR (H4=0.33333, 7=
0.00053), ik A KVLK R HEA(CL, Z2Y).
WEI K R XX BEAR DL S K R BA BEMR IR
N EE RS AE 2R, kT W, KITAKER
TEIRT 7K ZR R B 0T 7K 2R 1) i 668 SRR B A% 2 RE 1 o
TG R, X AT R 5 08 6 R A B SR I
HRFR, UL K R T 6 6 R R D, R
FREEH I T IR . X 5l S % X
RV W R G, Bk B A Sk
B TFREESE, R ERBE D
32 IEEESBHEENEES K
ARTSORPUAS K R 11 A FEARPI Y g, &3
HAMRK R TZH BERFIEK R QY #EiA
KAKATIKZ B CL A1 BH BEHA Z [H] 3% A 8L 71k,
HoAb A 2 18 HRA7 A6 R R AR 4k, oK
VLK 2 ZY BEUR 5 A BRI ] 1Y) For (EEFR T
0.25, UL ZY BEUR S5 H Al b BB (AR 100) 777 25 40
ke, JE DR A A7 AE BELAS o I = ek SR T | 4
Y0 VAL RN RV IERVTK 2R A 5 18 il 2 s
fk DNA 4T RGELB W, AR TE & HE T L4y
PR S FR: HETR DAL (GG R IR VT L TR | YEIT)
A6 32 R AV LA mE W B 2 R (KT R B
). MTZEABIIE, KIT/KRGEEEM 2Y BHA R
MR —3, Fioh—F 5 BEARBH A1 CL) 5 |
B, K REEE IR R, REKERE

FG5 R R KITIK R 58 68 BP0 E A% - LK,
FAAEREE RN SE 5 o IR AE SRS R R 28 40 A v, Vi
MK RAEWKRA 1 ADNIEE AR KR
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X 58 i M 0 BE AR D s sh Bk E, B AE 36
Ma~8 Ma Z[HFPREER IR FrER e, HEI 8 Ma A&
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ASE ERUREER T8 W 7325 EE 5 S e o 151
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Ui BH B8 A AR 35 N R O LRI 55, I BRI
BT —E R4 AL KRS, PR I 75 2 A0 5 0 i ) £
E/aN I (P (EP ST ES/ YNE SN 17 A7 R N
TR TR s DL R el (%) & Je, % T B Al 1y A
EEEIE N TR K, JLHRAE B A2,
AT R 00 0 8 i ) PR B, o 800 0 A 0 B A
PRI SURI T R, Rk, FRATTEE BN HH B R
Ao S b AR 858 DA KK 5 e ) 45 L T TR
P SE AR R
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Genetic diversity of wild Zacco platypus populations among four river
systemsin Henan Province analyzed by mitochondrial CO | gene

LIU Huifen, ZHANG Chao, WANG Jing, GU Qianhong, ZHOU Chuanjiang, MENG Xiaolin, ZHANG Jianxin,
SONG Dongying, LI Xuejun, KONG Xianghui, NIE Guoxing

College of Fisheries, Henan Normal University, Engineering Technology Reasearch Center of Henan Province for
Aquatic Animal Cultivation, Xinxiang 453007, China

Abstract: To correctly determine the genetic structure of wild Zacco platypus populations from Haihe, Yellow,
Huaihe, and Yangtze River basins in Henan Province, we analyzed the population genetic diversity and differen-
tiation of the species using mitochondrial CO I gene. A total of 110 individuals were sequenced, which have de-
fined 40 distinct haplotypes. The average haplotype diversity and nucleotide diversity were 0.92077 and 0.02439,
respectively. Analysis of molecular variance (AMOVA) indicated that most of the genetic variation existing among
populations (60.59%), and the remaining 37.67% of genetic variation was attributed to differentiation within
populations. The assignment of populations based on Neighbor-Joining (NJ) method revealed that Z. platypus
populations from Yangtze River divided into two distinct mitochondrial DNA lineages, one clustered from the ZY
population and the other clustered individuals from Haihe River, Yellow River and Huaihe River. This phyloge-
netic pattern is not consistent with the previous reported North and South Clades. Demographical history analysis
indicated that Z. platypus populations had undergone a bottleneck which coincided with the middle Pleistocene
and suffered from climate changes. Considering the genetic and phylogeographic results obtained in this study,
appropriate measures are proposed to conserve Z. platypus population, especially for those with low genetic di-
versity in Haihe River basin.
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