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ETF CO1FCyt b FFIHIFHI QK ESE RS E 74

AR FAR R &SR RER, R,
P IR AT U7, AR FRE AR s AR

(LARFBMAKIREARN S EABEEALEE, AF W FE R FRALREEASTEH, M4 R 430079;
2.9 A B & AREA R TEATE,#AL ST e 4427005
3 AL AR A AR R A RAE, #d RN 430079;
4. A P B AR DAL U X KB oo, Wk SR e 442700)

B A RN U SG GRS B A58 TR AR RN A BEAA P53 A G5 A RRAIE , LA S AU AT R AR T4 180 4% 22 RV () 47T
S, FETLRRIA CO TR Cyt hEE[H, 734l T F T D JE X S (Hypophthalmichthys molitrix) FHT. 1 £ 2R HE sk ik oy A i
FARIAMIARRVRAL S IRAE . Z5F IR, 104 25 646 bp ZBKi& CO 177 LA 222 2507 21 154, 2015 BAL A 5 A,
AR AT S 104N, 58 X T TSR AL, B R 2 RN 0.544~0.676, /% E IR 2 FEME 9 0.00221~0.00254; 103 25 1 058 bp
LRRILR Cyt b 7B SEAG B 2 01T 194, IS BAL 134, B —AR AL A 64N, 2 ST 144 AR5, s i 2 R
90.609~0.714, 2 HTE Z #1425 0.00262~0.00424 , e & T A TR s B A5 Y S AR IR Z FEPE. CO LRICyt b )7
B B B BL A A R R DL R PRI 20 BT 7, AR (B3 45 P 254 0.002(CO 1 10.003~0.004(Cyt b) , Sz Ak /-4 a3
79-0.00468 (P>0.05) (CO 1)0.03180(P>0.05) (Cyt b) , 7 AN 3 s BEARIAI L KR 14.69~41.47(CO D . 5.49~40.47
(Cyt b), AMOVA 73T 7 ZZ 5 Wk W, e A8 e L BOR ERHA N . BRSO R R, 3 MR [ A A AL S A Y
AR AR 1) SR B BEL AT T 5% 30, R OB R SR R . W TR I , 3 AN R AR B A A7 BH SR 1A A 201, BB
IRBEREAA S PR X B AR BEOR IR AR RIS AL S5 A AR, P FE 3G AF FE 45 T T N PR 101 £ 2138 5 i i

REVR BB TR e BERH A o

SRSREA) « i s 2R 1 DNA s S SR 5 1A% 22 R AR 454 s PHIT LK B

RESES:Q343 Bk ARERD A

N CHEFE TR0 A& 5 L3 18] R SR K I8 A N
W) 32K OB A AR BRSAA , DL S EEE in A R £
&2, s A KRR B VA S5 0, AT RS I K38 B 2R
Pl B8 I B, N0 K I AR S IR BT (2R 4k 855, 2000) 6
P 7K FEAE Do 7K A6 A 28 TR H K s, 4
& 5% (Hypophthalmichthys molitrix) B 4= 4 f) 5 %
Tl o B U P CRATAT AR T )6, 1993) s Jyth 78 PHL H
JE DX M P BB AR B R, T AR OO B 2 R BE TS0
B KRB RIBKRIFRI L 2016) » R0, Bl N T35
JRUIL A AT S AE RS RO PR B AL 8 78 0 1 M )
filh b, RN BT AR (RS AT TR, A PR AR R DR R
Jal SR B o PR AGEE Z ARG S L EIE,

s H#A:2021-02-07  {&EIHHA:2021-12-21

BEETH: [FXR AR A4 (31572593) s KL £
KU AP 1 P [X e 28 1 B TS0 s 38 AT 4 BRI H (ZSY/YG-YW
[2018]002).
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A TR R R 5 T AR B AR B AR 22 S OKOK, A E H AR
AKIFEAT B PR AZ I, T B 3 BT AR B AR R TE FEUR T
B R MRE R . Rk, B BRI R 2 S8
Tolt BT 2 A T 4% 22 BE P PG, B 28 0 BB AR TS
N T B G N RO R A B AR AR [ BT RS, N
TE TBURL 2 BT VA% B A2 B A4 1 382 4% 15 1iE (Blankenship
& Leber, 20100 ; 73— 7Tl , st 4 ZHAEPE A BER AN T
Ff P 1P X 6% (1) 38 A% B IR, % K AR S IR AR
P71 DA S o o 8 R B B S

fi J A H L BRAL SR BEJE , T A TR
% KK & (2R 25,1990 SR FT , 20000 s HA K
PR R R D VBB e, R LR
X, FEPE VR, XA & 77 R AR A K
PRI AR, O K R IR, SR R, A B
TR Ak, 78 A2 25 ol R 3% B EE A (Li et al,
2015) . ITEEAESR, i TR K AESH B
DA ot FE 4 457 55 NN IR R T30, 5 S50 7 A A 4
HIREP D . 20 2D 60 AR, fif 7E KV K R IU KK
5 26.1%, 1 80 4F A8 A 15 3.9% (K PU B &%,
2001) o KT _F 37 3 VT B AR W 3R ) b A T 2
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PFAFN, IF HAF 4B 2 R i H U145, 2004
2005). i G PR BIR A N B, BLE DY KSR (1A
Xof EE 4 42 2 T B (T, 2016)

AR, O — 55 R A FIZR AL 7 Fhrid
I T RILK R EE B S5 MR . 22/NT5 (2012)
I FE Ak TR AR AR R A 3 BT R I B AR B4 22 R
PR O S BT AR B AR ] ) a4 AL AR AR
PR SCHE S (2013) I FH R A i) X 73 B 3 B , B8V T 6%
IS 22 FEPEBUAR , 3G TE O (1) S 30 1 51 762 7 2808 P
7K ZBEREAR AL 4548 1) 24k s 3 H5 45 (201 5) FI 1
PR T R IATT i =0 e [X 5 ANMERER A
BE A, TR — N R 2 15 55 (2018) FI 26
Fif Cyt b 1 D—~loop 751 73t K IRACTL R _E il A
BHE Z VAL T KT, RS iR A R A T
2 PEAE Ak, A AR R A R AR B AR AL YO
2 (2018) F FHZR KA CO 1P F 0 T35 B , S A4 s 1k
BHEZREEFE, LS R AR AL R
AT FUBON TR B4R T VT S A TR PRI 45
IKIBBEREAR PRI IB A 1 S5 R}, (EORH PR 1 2 DX fi A A
(I FEARTE LD, U AR % X B AR A4 5 TS0
N B bt s Ve s b i N /e S R 2 1A
4 CO THI Cyt b 41, 73 B PHL PRI S 3 AR A
T 171 1 203G B TSR 3t 2% A DA B JCIR 1 o A 1 38 A
SERIFRRAE , 7 AR PR IX M B A A I A% TR R PR, PEAS
TR AR K B AR B A BRI (1 RS MR, — 7 T AT AR
R ) BE FE TR S SR B S8 s 3 — 7 v e
K AL R H 2R K B b P 1 XA Lk B R A BT R
FK AR EE RIS ER 2R -

1 #RE7HE

1.1 SEIEHR

ARHIEFEI 3 AN T AR RE A 23 ) R B T PRI e
X FPFVL I R HBGE  , R U REFEAR 104 2, FETE
WK1, BRAZESE)S, YU RS R R 6
BT3AE K CEE 5 mL EP &, 4 (8] S2 56 =5 47
F-20CIKFRAT%H -
1.2 EEAEZDNARIE PCRY 1

EI 8 1) i e 2% 2H 2, SR /S 1 O DRI 2
s DNA (5% 0 A7 & 5o FIRE ZE R, 2002) , ¥ #T 200 pL
TE 22 b, (R A7 T —20C KA 4 1 . @it 519
FishF1-Fish R2 §" 4 CO 1 /7 %1] (Ward et al, 2005) ; 3K
FH 8 FH 514 14724 F1H15915 37 48 i 1) Cyt b 3t [H]
(Xiao et al, 2001) . PCR Jx MAK 440 pL, H A Mix
20 pL. 514 2 pL. W7 7K 14 wL.DNA #i 4R 2 pL.

PCR J ¥ 2% 11 4 : 94T HAZ 14 5 min, 94CAE 14 40 s,
58°CiB K 45 s, 72°CHEAH 2 min, 35 MIEFF J5 72°CHEfif
10 min. 3347 W) 48 1% B T bt e L ik ), K H
(1) 2% 7 775 I L B8 — 1) PCR =436 28 K — W A= W
FARAFWT . WF 51408 PCRY IG5 H(K2) .

®1 BEERER

Tab.1 Information on the H. molitrix specimens

K Ak ik S Kk

IX 5 2 B Kl B ]
FHLM Lian-QB o
o Ay 1 PULEFILE 2019-10
FHT.L Lian-ZD Wh ke E
ok -TREE 0 apastmre 2010710

F2 BECOIMCytbFHIF L5 MER
Tab.2 Amplification primers for CO I and Cyt b

gene sequences of H. molitrix

s ) e e
COI-F TCAACCAACCACAAAGACATTGGCAC
COI-R TAGCTTCTGGGCCAAAGATCA 70
L14724 GACTTGAAAAACCACCGTTG
H15915  CTCCGATCTCCGGATTACAAGAC > 1300

1.3 iR

I B A Finch TV %l /743 2] 1) CO T A Cyt b
J7 AT B8, 4 LA A6 s R MEGA 7.0 544
HF) ClustalW 2 /5 3E4T 7 41 LT, 1 28 J7 51 1) 32 5
MK, 35 NCBI U & £ K % 1) i mtDNA 7
FUHEAT XS B, B AR IR 136 B4 ¥ CO 1A Cyt b 7 511
ffi it . I DnaSP 5.0 F AR TF R AR R H (V) A
SR (V) VB R Z REVE (H) IR 2 FEE (P
SRR BR 25 S B (KO S IR () DA R B AR 28 A
SR KT AR BR8] 178 A O 2
BRI AR S A0 A MR IR 4 T 04 PR AT R — %
XF, HEBRAE PCR B 7 ik A2 rf n] 5 5 010 S8 AR A7 5
FIMEGA 7.0 A48 7 51 AT 3 — 20 407, Ge it 17 41
(10 i 5 2 ok 56 AH 5 2 880, P Kimura 302 8 84 1
SRR A ) 0 308 A B B, R P N VA 2 3 T b Ak B
fERFHI R L RZM . A A Arlequin 3.01 (Excof-
fier & Lischer, 20100 4 ¥ 53 7 77 2 79 BT (AMO-
VA)TE B R 8 A6 AR 57 R U8 L AR S5 5 22 AN 52 i 4
(F), T HE A E 1000 K E S, BN S8 5 31T
B EVERE , T VPAL 3 AR R 38 4% 45 44 DL AN [F)
b B 53 A DX I R R ()38 A% LI O
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S M %, T CO 1A Cyt b J7 7] B9 FHIL 1 Ak S S B A 1 15 4 44 SRR AE A7 105

2 HR

2.1 WEAK

2200 7 EEX , SEIRTT 3 AMERE A4 104 25 R hL
1 CO TH1103 26 21 Cyt b FE 51, K& 5 51N 646
bp A1 058 bp. 3T CO 1L K 741 43 1 45 R W,
Bl 3L 7 1 & 0 5N T=29.8%, C=26.7%, A=26.1%,
G=17.4%; 1 A+T [ ~F ¥ & &} 55.9%, G+C 1y
44.1%. M 104 25 ¥ 646 bp i 28 RL & CO T 7 51
LRI B 2 47 2 154, A 25 BAL S5 A, B
— AR ST 104, 8 ST TANRAE Y Hor A LA
RN 3A BRI AT AL LA AT RN 2 MRS

B2 PG R AE L — R A I B (R 3) . T
Cyt b 5= K7 41 43 #4650, Bl (1) ~1- 35 & &3 )
N T=29.2%, C=28.3%, A=28.9%, G=13.6%; H: " A+T
()5 35 6 B 4 58.1%, G+C N 41.9%. M 103 % K
1 058 bp i 28K A& Cyt b 5 51 FE AT 2 22 25467 A
194, o i 2945 BAL AL 134N, 30— A8 R A7 6 A,
TE LT 1A BAE RS Jorp 2 N AR TN 3 AN BEIA S
BRI A AT 2 MR SR, 1A A A
(78.6%) (AL F— B4R R AT 21 (R 3) 0 3AMERE 4
LR CO THI Cyt b JF I AT it o5 e e i » G
JIT o LA B ARG » 2L W S P R 356 A 35 14 5 1iF (Kocher
et al, 1989).

x3 SE3INBHEAREREE LB MERSH
Tab.3 Haplotype number, type, frequency, and distribution in the three H. molitrix populations

CO IFE R /%) Cyt bFEMELCH /%)

B Lian-KQ Lian-QB Lian-ZD Rt HAE Lian-KQ Lian-QB Lian-ZD Rt
Hapl 32(65.3) 8(53.3) 20 (50.0) 60 (57.7) Hapl 29 (60.4) 8 (53.3) 19 (47.5) 56 (54.4)
Hap2 9 (18.4) 4(26.7) 6 (15.0) 19 (18.3) Hap2 0 0 6 (15.0) 6(5.8)
Hap3 3(6.1) 1(6.7) 10 (25.0) 14 (13.5) Hap3 3(6.3) 1(6.7) 10(25.0) 14 (13.6)
Hap4 2(4.1) 1(6.7) 4(10.0) 7(6.7) Hap4 0 0 4(10.0) 4(3.9)
Hap5 1(2.0) 1(6.7) 0 2(1.9) Hap5 0 0 1(2.5) 1(1.0)
Hap6 1(2.0) 0 0 1(1.0) Hap6 8 (16.7) 2(13.3) 0 10 (9.7)
Hap7 1(2.0) 0 0 1(1.0) Hap7 0 2(13.3) 0 2(1.9)

Hap8 0 1(6.7) 0 1(1.0)
Hap9 0 1(6.7) 0 1(1.0)
Hap10 2(4.2) 0 0 2(1.9)
Hapl1 3(6.3) 0 0 3(2.9)
Hap12 12.1) 0 0 1(1.0)
Hapl3 12.1) 0 0 1(1.0)
Hapl4 12.1) 0 0 1(1.0)

2.2 BEEfESEN

BT 3AMEERFAR 104 25 26K 4K CO 1751 b 28 R
R, 3AEREAR L E ST TAN LA A, 3 AN AR LS
R 2 BEE (HY 5 R, 7 (0.54420.075) ~ (0.676+
0.105) , R Z FE % (P BAK , 7 (0.002210.00021)
~(0.00254+0.00045) , SR b Ak T- vy BRLA% 1Y 2 B AN
K% R 22 BE1E , Hi=(0.617£0.044) , P=(0.00238+
0.00031) o Hfl & HEAAR I B4 B Z L% 17T, Lian—QB
55, Lian—ZD X 2, Lian—KQ 5t /i ; it S B k% 7
% % FEVET & , Lian—QB £ 51 , Lian—KQ /X Z , Lian—
ZD A s 3 HEAAR T 35 % R 22 5 4RI, Lian—QB £
K, HoN Lian—KQ, Lian—ZD % /o T3 /Mi
TR 103 L 28Rk Cyt b P BT iR, 3 AN BERE R L

JE ST 1A BT, 3 AN ERAR A I 2RI
H,7E(0.609x0.073)~(0.714+0.116) , K% F R £ FEPE i
i, P,7E.(0.00262+0.00046) ~(0.00424+0.00037) , i A
T EBAER AR TR 28T, H=
(0.67620.047) , P=(0.00336+0.00031) o & &% FEAK K
B Z REVETT =, Lian—QB #i¢ /51, Lian—ZD /X 2, Li-
an—KQ # A& ; b4, Lian—-ZD HF 3 M A 5T, 2
BAAEPHL H G WP I8 AT B i N B
FhECEA R, DR 53k 1 38 0 PRI A2 14 B8 B0 7
Ko BUEFAARIIZ IR 2 FEMETT 5 5 Lian—ZD f =
Lian—QB {X 2, Lian—KQ K ; 3 MR-V 1% H R 22
FHUK, Lian—ZD f K, F /X4 Lian—QB, Lian—KQ £
NERD.
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Tab.4 Genetic diversity indices of the H. molitrix populations
£ HEAA 7505 A AT LAY AR 2 R TR 2 FEE PR IR
Lian-KQ 49 15 7 0.544+0.075 0.00249+0.00061 1.61054
Lian-QB 15 5 5 0.676+0.105 0.00254+0.00045 1.63810
ol Lian-ZD 40 4 4 0.672+0.053 0.00221+0.00021 1.43077
Bt 104 15 7 0.617+0.044 0.00238+0.00031 1.54052
Lian-KQ 48 15 8 0.609+0.073 0.00262+0.00046 2.76152
Lian-QB 15 11 6 0.714+0.116 0.00289+0.00071 3.04762
ol Lian-ZD 40 11 5 0.696+0.051 0.00424+0.00037 4.47308
Jan 103 19 14 0.676+0.047 0.00336+0.00031 3.55226

23 BkEfEER

T Kimura W25 (K2-P) A 152 3 M 1
) FHFEE A A PR 3 A5 B S, CO TP & R R (£ 5)
3 /™ e A (] 0B 40 Y 1Y) 38 A RS 38 8/ (0.002~
0.003) , H A AR [A] 1) 38 4% 70 55 3570 0.002 , T A4
FIEA% B 2 Lian—ZD 5 /Mo Cyt b 345 S8R, 34
fi% JE A T) R BE AR PN 19 38t A% RS ¥ AL/ (0.003~
0.004) , H: ' Lian—KQ A1 Lian—QB 7 [a] 1 4% FH 55 ¢
/N, Lian—ZD #FEAA N 1183 4% 2R B 85 K.

R5 BEEHEREBHKEIMIELES
Tab.5 Genetic distance within each H. molitrix
population and between the three

H. molitrix populations

e~ 30| P duN Lian-KQ Lian-QB Lian-ZD
Lian-KQ 0.003

CO1 Lian-QB 0.002 0.003
Lian-ZD 0.002 0.002 0.002
Lian-KQ 0.003

Cytbh  Lian-QB 0.003 0.003
Lian-ZD 0.004 0.004 0.004

F T CO 17 41 43 # Ak [A] 82 4% 2 AL 4 2 F,
FEE R N, 45 R os (R 6), 3 /M FEAR[E] (1) F,
7£-0.02803~0.01079 , & AR5 PR T 0.05, KB
SRR A %A 18 4% 7040, 3 M EFIARIE IR N,
1E 14.69~41.47 , 32 B B A 0] 17 76 400 81 26 IR A2 9L
Cyt b 43 BT 45 B 8K , F £ —0.02905~0.05646 , Lian—
KQ Al Lian—ZD £ {4 [] F,=0.05646, H. P<0.05, % #
2 AN B A B) A7 AE B B B AR Ak, BB N, 7
5.49~40.47 , & BB A A7 AE — 8 R B 1) B DR A VA o

T I E T (AMOVA) 45 R E R (KT, L
W& CO THE K IE & Cyt b FE[K 5 3% B , 3 A B 1A

388 A% A8 S 32 R AR N, T AR TR £ 28 A% A
X 5 -0.47%(CO 1)3.18%(Cyt b)
F6 BERHKEMBRES U RBIERR
Tab.6 The F,and N, value among
H. molitrix populations

BEH TS Lian-KQ Lian-QB Lian-ZD
Lian-KQ 41.47 14.69
COol Lian-QB -0.02803 32.16
Lian-ZD 0.01079 -0.02769
Lian-KQ 40.47 5.49
Cyt b Lian-QB -0.02905 9.87
Lian-ZD 0.05646* 0.00947

VE R L2 T F (L %2 EAN, (. *F55 P<0.05.
Note: below the diagonal is the F, value, and above the diagonal
is the Nm value. * indicates P<0.05.

24 EZFHUXE

T Kimura (K2-P) XU 2> HUiE 1Y Ky 2 1) 6 A 44
CO 1 #1 Cyt b HA5 7 5 R G0 kAL NI B, & 53 3
B 15 & (bootstrap) ¥ #E4T 1 000 VX E & K 46 (Felsen-
stein, 1985) . M CO I 1% 8 J5 51 NI B 0] LU H
CO I-lian—Hap—6 1 CO I-lian—Hap—7 /& Lian—KQ #¥
R A B, 3 AN BEREAR AT AE 21 B 2 A AR
)37, K H Lian—KQ ## A 1) CO I-lian—Hap—7 H. it
BN RN BAAE NS — L (E1-A).
Cyt b A5 Ry 51 NI 45 R B0, 3 A BEREAR R R A
£ 2 /> B S R B R R 70 52, A AL Cyt b—lian—
Hap—2.Cyt b—lian—Hap—3.Cyt b—lian—Hap—6.Cyt b—
lian—Hap—7 #1 Cyt b—lian—Hap—13 .45 HIE Ry —
S, R A RO 1A — AN K900 32, A R R R
K Z B A RUEGEL A AT L 3 A BE R A4 ] E AR
B S ) P 25 (B 1-B)
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Tab.7 AMOVA analysis among H. molitrix populations
B 7| 8 S KR H e S5 AN 5 S 2H AR A5 5 LA/ %
T4 ) 2 1.317 -0.00360 V2 -0.47
o1 FEAR A 101 78.020 0.77247V® 100.47
B 103 79.337 0.76887
SR AR E(F -0.00468(P>0.05)
T[] 2 8.077 0.06523 V2 3.18
TR A 100 198.642 1.98642 V0 96.82
Cytb .
B 102 206.718 2.05165
R GIE R (F 0.03180(P>0.05)

TE: VMV 20 S R ) AS SRR AR 5

Note: V,, V| respectively mean variations among populations and within a single population.

COHian-Hap-5 .
(A
coriantaps @)
ovsanraps A I LionKQAILian-QBEF (3615 8!
oMt A A R AR
comiantiapz A @ LianKQEHAH M f
*lcouantiapa A
coviantiap @
—_—
co
Cytb-lian-Hap-12 [ |
Cytb-lian-Hap-14 .
B CypanHap-11 [ [ Lion-KQ BEAHEA A
Cytb-ian-Hap-10 .
OybilanHapo @) @ Lian-QB TR AL
Cytb-lian-Hap-8
) Cytb-lian-Hap-4 : A\ Lian-ZD BHARS 458
Cytb-lian-Hap-1 .
L cybianteps A I Lion-KQALian-QBREH 64T iR
Cytb-lian-Hap-7 e
Cytb-lian-Hap-6 w © e
7 Cyto-lian-Hap-2 A BRI AR
a6l Cytb-lian-Hap-3 .
36— Cytb-lian-Hap-13 u
—

nnnnnn

El1 ETFCOILA)FMCyt b(B)FFIBER RS EH
Fig.1 NJ tree of the three populations based on hap-
lotypes of COI (A) and Cyt b (B) sequences

3 Wig

3.1 FINEXHEHEEERSHNRERSHY
WAL ZFEVERN R R 2 R AR AR T 5N Fh
F b E] , A A W AN A ) B A, 2 ) Rt AL
T BE I PRI (R 57 IESE, 2017) o A% 2 AR M 1 (IR
P8 T MR AR VEATA G 70 K, s B
Tt B B 6T A 5B 55 DR 2% A AL O B RE 1) 5 59
(Frankham et al, 2002; Spielman et al, 2004) . F#EEL
KR B AR AR AR AR IR B (AN B4, #R 2 T3
FEAA 18] HY BB A% 20 A0 (RIS 55, 2011 o B 20 2 4%
P CH FIRZ 1 R 2 78V (P A2 17 B PO 152 % 8
f) 2 /N B B b (Nei, 1987) . MWK L, 55 3 4T
PRI ZRLAR CO 1A Cyt b B B 2 5353009 0.617

H10.676, BZFF IR % FEE 73 73] 29 0.00238 10.00336 , 1
BT ARYL K 28 A S A A 2R Ak DNA S8AE 2 FE 1
U 43 16 %5 (2018) F| I Cyt b £ [K] F11 D—loop F 51 43
BT 7 AU i 4 AR ISAL Z AR, P34 H A
P73 378 0.693.0.00748 (Cyt b) F10.902.0.01557 (D—
loop) ; Y% (2018) 3 F CO 1 F 41 7 #r 7 KL 1
T i 6 A Hb FEAEAR (1) 8L ZREVE, JP S H A PO
0.785.0.00542; T 15 (2016 F| F £k ki /& D-loop /7 4]
BT T AT TR SRR PR 3 AN R AL 2 AR 15
ISP HOFI P2 0.9137 F10.01609, ASHIFFEH 34
R FEAA Y 2R A4 DNA JIT R/ 1R B35 70 22 ARV AR X i
fik.

T 5%, Lian—ZD #E R N TETEFFAR , 55 AR IE
S AL Z2 R AR TT B2 5 MR 1 AR A )AL 2 4
P HLUK, CO T Cyt b 2 KA T D-Loop B4R,
T S 2 A X A . 5 FAh 5 L 28 5 2 45
KAk DNA 183 7% 2 A1 AH L , i 53 A5 2 2 e ey T 52
t (Ctenopharyngodon idellus) H;=0.5855 (Cyt b) (
RIAREE, 2020 7= JE 8 (Procypris rabaudi) H=0.590
(Cyt b) (BRI 5248, 2020) , 1117 /% T 7 /K I 88 ( Cypri-
nus carpio) H;=0.964 (CO D) ( 5] #& %% , 2013) . 4R fiff
(Xenocypris argentea) H=0.775 (CO D ( Xl % & ,
2015) ; B H R 2 # 1% = T H . P=0.001 (Cyt b) \ %+
JR 8 P=0.00132(Cyt b)  # il P=0.00219(CO D) , 1
K FiE K IL6E P=0.00451(CO D Mk EF 34
Bk BB S s R 2 AR T IR 2 . Z
% k9% 4> 2K b5 #E (Grant & Bowen, 1998) , H>0.5
P>0.005 7= A 2 FEVE L iR IR 2 AR,
H>0.5.P<0.005 A iy S48 Y 2 MR IRAZ B IR 2 4
PERAL, AT, 5 3 MR CO THI Cyt b £ K 43
W& RIFF & A M 2R IR IR 2 AR 1R
A SRR NN A AR A i i
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2o ox 2022 4F 7 A

PR 5K T B — AN R BB RE , FE 5 5K FE o, H b
FEECE MBI, $2 0 1 B0 2L 2 I (A EF R Y
A SRR, WA 78 L B (R AR R IR AR
Jt 5 M 22 T HH B35 R 22 R 1 o 1T A T IR 22 AR IR AR
a4 22 FE A% 20 (Grant & Bowen, 1998) ; [A] 4
fik 3ANFEAR DT S0 AT BRI T MY K
3.2 FHINERAESEFHEEEBNEEIUAREE

S NN IV N EIE S~ SSE 1 puriine
— R, PR I A% B BN T 0.1 BRI J5 A%
BT 0.6, IR B34 W S5 APl A 4310 (Bill-
ington & Hebert, 1991; Yang et al, 2002), %&F CO I Al
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Genetic Structure Analysis of Hypophthalmichthys molitrix Populations in
Danjiangkou Reservoir Based on Mitochondrial CO I and Cyt b Sequences

WANG E-zhou!, LI Quan-hong?, XU nian!, ZHAN Ruo-yun?, CHEN Ze-tao?, CAO Jun-gi?,
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Abstract: Danjiangkou reservoir is an important source area for the middle route of the South—to—North
Water Diversion Project and an important germplasm bank for wild Hypophthalmichthys molitrix. In recent
years, captive breeding and release of H. molitrix in Danjiangkou reservoir has been carried out many times
to supplement wild populations. Effective artificial breeding and release should monitor the genetic charac-
teristics of both released and wild populations so that the released fish do not reduce the genetic diversity of
natural populations. In this study, we analyzed the genetic structure of three H. molitrix populations (Lian—
QB,Lian-7D, Lian—KQ) in Danjiangkou reservoir, based on mitochondrial CO I and Cyt b gene amplifica-
tion of the three populations. We aimed to understand the genetic status of wild H. molitrix populations and
evaluate the effect of released fish on wild populations in the reservoir area. The results also provide scien-
tific evidence for the rational exploitation of fishery resources and conservation of the aquatic ecological en-
vironment in the Danjiangkou reservoir area. A total of 104 specimens from the three H. molitrix popula-
tions were selected for the study. A total of 104 CO I sequences and 103 Cyt b sequences were obtained
through gene amplification, with lengths of 646 bp and 1 058 bp, respectively. All CO I sequences
contained 15 polymorphic sites, 5 parsimony information sites and 10 single variant sites that defined 7
haplotypes. The haplotype diversity was 0.544—0.676 and the nucleotide diversity was 0.00221-0.00254.
A total of 19 polymorphic sites, 13 parsimony information sites and 6 single variant sites were identified
in the 103 Cyt b sequences, defining 14 haplotypes. The haplotype diversity was 0.609—0.714 and the
nucleotide diversity was 0.00262—0.00424. The CO I and Cyt b genes both presented a high haplotype
diversity level and a low nucleotide diversity level. Genetic distance between the three populations was
0.002 for CO I gene and 0.003—0.004 for Cyt b gene, and the total genetic differentiation index (F) was
—0.00468 for CO I gene (P>0.05) (CO I) and 0.03180 for Cyt b gene (P>0.05), indicating that there was
no significant genetic differentiation among the three H. molitrix populations. Genetic flow between the
populations was 14.69-41.47 (CO I) and 5.49-40.47 (Cyt b), respectively. AMOVA analysis shows that
the genetic variation of the populations primarily occurred within the population. Cluster analysis of
the three populations was carried out based on the haplotype and results show that there were shared
haplotypes among the three H. molitrix populations, and the haplotypes were scattered among the
branches of different geographic populations, and no geographic clusters were formed. In a word,
there was no obvious genetic differentiation among the three H. molitrix populations, indicating that the
released silver carps had no adverse impact on the genetic diversity and genetic structure of the wild popu-
lation in the Danjiangkou reservoir area.

Key words : Hypophthalmichthys molitrix; mitochondrial DNA; artificial breeding and restocking;
genetic diversity; genetic structure; Danjiangkou reservoir



