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I R SE /S m DN AP =R R R NN TN B T W TS @K a4 = v S 5 5 I o N G2y TS T 2 o 1A
& D-loop F# 31, X6 7 A A [RIBEAR « AEVT I HE (D) VETTAZ 0 (Yaq) TRHSR R (Zjg) (MR (Xeq) R 38 H
H(Zyq) B MBI (Gha) AU MM EDE (Caq) 3t 210 BARIEATHEAR Z R 40T o S5 R, 157~ SSR 0 A
R Asa-12 4h, O I R & 2 8 (PIC > 0.5) o Hih , 7 DRI B 424 5 (H) K 0. 615 ~
0.758, Z&[G B &5 (PIC) 0. 568 ~ 0. 723, i & ¥ LA Zjg BiA R = o D-loop 541 HAG I 5] 32 ANAF S0 5, 5
SUT 20N BT Horp Zjg BER B R 22 (114 ) o 7 A BEORAY B4 T 2 B AT TR 2 B PEHR 500 5 R
0. 618 ~0.945.0. 003 ~ 0. 008, T SSR 1 D-loop JT 47 (135t £ 1 #5401 , K& X Ghq BEARFN Zyq BER Y Nei's 1t
R HE 5 (0. 058) AT K2P 3t A& 1 85 (0. 003) fieilt , {16 T HAB A 8] (135 4 15 25 (43510 0. 073 ~ 0. 397 #10. 003 ~
0.006) . ZEAHT, KL T A FE M BEEER B (% Z BV N F 5 | THER ] (67 SRR R o, RN, > 1
AV SHES R AL IESE 7 BRI SR 06 R BGE o JETFAWIT, v W2 1 fif 55 R b DX g ) b s 30

R, R IESt—25IF E E R AR B S
KR N ; TR 5 D-loop X 5 1AL ZFE M
FE SRS S917 XHEkFRERD: A
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i Sy I SR A S 2R e VS B W 3 1
%, B FRMAE R, BLAE DR AR I A8 5 3% 1= Wi
Il I 248 B9 VLB ( Tenualosa reevesii) #5€ , i% T 20
28 90 MR IF R, B E T K= B9 i 3R e
H IR IR EFRGE Y FEFRFHPIN, B T 32K
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ZHOU %R I 104~ SSR 3L 5 45 BF A FIFRAH 75 14
(Mylopharyngodon piceus) ¥E47 T 8t 1% Z #E 14 43
BT, 45 5 ST A T A LU 73 B R AR R = st
fl e . Tk 250 ST D-loop Fil SSR AR i iff
T SAININES (Micropterus salmonides ) RER ) 15
1L Z2REE S5 R BLG | AL D7 ST A L B ) i
BT, A EE"SE S SSR A D-loop £ A, Xt
Ve 8k (Misgurnus anguillicaudatus) . K 8 B I Bk
(Paramisgurnus dabryanus) MG KR (P
dabryanus var. taiwan) 317 T 53871, K I G T K
58k A A A SR L T RE R DR W e k) 354 2 R
PiFb o sk A T D-loop FI SSR AR 12 43 A
T ML H £ 5 6 - ( Cyprinus carpio) BEVR I3 4%
ZREMEKT R I AR T3 i 2
e AT T RS — LR .

T [ FEl S i Y i 5% 32 4R i fE N 6 1
i K R RN SR AR A Dy T R e 35
1 ZFEPE S A A T8, sk A R 3 2ok D-loop
FEARXS e 9 4] R A ) R A AT T8
1 ZAEVE ST BT, 45 R T B o T ] B A A A
IR YRR o SR, Bl 8 5 U i 5 5 AR 7 i A v
ol I 38 A% 22 REPE AR G B3 B ok WAGE . PRI,
A5 PAF I SSR AN D-loop £ A, X 3 [ 5& P il
F2 5 X (5 R 4 DO AN [ REAAR AT 0 A, B AEE—
TS R A B AL R AE NG R, W) A5
e L DX S 8 A 5 ) BRAR: 5 BT 5 295 2R T Dy 56 W i
Foft o PR T B HERE A B L v oy Jis S is A ek
R AR LSRR

1 MRS IE

1.1 BEARYE R DNA RE

2021 45 H 2 20224F 9 A, 4 AT )k
(Dtq) BT (Yzq) IRIN KU (Zjg) IR AH
W (Xeq) FEE PR (Zyq) B MR (Ghq) FE M
R (Czq) 7 4 Ho XCR 4 210 B3R E B 5
HIFEEAS (R 1), BYHUREE , S IR A T 95% 1 &
figr,

i FH R AR A= AL BB (b 50 A R R 3h
Py 4 2 P 20 DNA 42 B ) & (5845 : DP324-
02) $EHL DNA . i +f NanoDrop f# & 43 6 0% B 1
R DNA ¥ B K OD A, I 1% 500 A Bk Jie HiL ik
o L 52 BeME  feJe FKE B ddHL0 4 DNA B
AFHFE A 60 ng/wl, —20 CLATER .
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F1 EMBMERER

Tab.1 Sampling information of A. sapidissima

N Py —
Pnfﬂjiion Idﬁfﬁer ij:uﬁ BRI Time
FHYTHE Diq 30 20214E5 30 H
YT Yzq 30 20224E6 7 H
SN TR S s Zjg 30 20224F6 H 22 H
SR AR Xeq 30 20224E6 H23 H
[ BIRRNEE Zyq 30 202247 H 17 H
N Ghq 30 20224E7H 20 H
Eigl i Czq 30 202249 H 9 H

1.2 SFrRicy R &N
12,1 (BRSSP 5 &5y H

KA 1S X B A SIS A SCEk[17-
181, Fh b1 3 R0 FH A= W B A BR A | G R,
FETE LB 573 ] FAM 5% HEX 26 % 3 A bRic
(#£2),

R4 5% 3 [ B (Polymerase chain reaction,
PCR) " 84K 2 0 10 pL, H 4 i M 5.4 L 4
ddH,0, 2.1 wL [ Taq B & & ( &% 47 10xBuffer,
dNTP . Taq # ) , DNA 4 (60 ng/wl) 1.5 pL, I |
eI (10 pmol/L) 45 0.5 pL. ¥ 34 )7 K
95 “C i AS P 2 min, 40 I~ 15 3 P 1 (94 “CAE
30s, 18 k90 5,72 CHEAH 1 min) , 72 °C ZE ffi
10 min, Z5 5 )5 4 “CIRAE . SSR 3 K4 UG I 2 4
SN FHAE AR IR B TR ) S8
1.2.2  D-loop JFANY HE FII 7

i ik NCBI K B 36 Wi flif 26 ki /K D-loop
4 ¥ 5 (7 F1 5 . NC_014690.1) , i H
Primer Premier 5.0 %1159, LF5I¥ F.5'-
TAATGTAGTGAGAACCGACCAA-3'; F il 51 ¥
R:5'-CACGTAACAGAACTCGTTG-3'; iy 4= T 4=
Yy TR it ) e A BR A W

PCR BRI A A e s i ME e A MR A PR
N N AR ZR R 20 wL, HA B 10 WL (9 2x
Taq Plus Master Mix ( %5 4 Tag DNA ¥ & B .
ANTPs AR Taq 520 5% R | T Re s 751 R
WYk, B LRSI (10 wmol/L)4%-0.5 pL, DNA
R (60 ng/pl) 1 pL, ddH,0 8 pL., § W5 K
95 “CHZPE 3 min, 30 MEAY 1 (95 CAEM: 155,
51 ‘CiR2k 205,72 CLEMH 1 min),72 “CHEMH S min, &5
WG 4 CIRAF . PCRI“WIEE 1% SR WHBE I F UK
R, 2 5 o — HRK RS, ik 24
TAY TR ) B A7 FRZS B12EA T Xm0
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®2 ZEMBSSR 55

Tab.2 SSR primer sequence of A. sapidissima

EIR7EA

Primer name

El 5 YFES

Forward primer sequence (5'=3")

Bk

Annealing

IEALEIE71E2 ]

Reverse primer sequence (5'-3") o
temperature/ C

Asa-1 GCATTATGATGGTCATGTGTATG GAAATCCTATGTCTTGGAATGG 59
Asa-2 AATAATGTTGTGCTGGATTGTG TTTATTGTTATTGTGATGGAGGG 65
Asa-3 CTCTCTTCCCCATCACTCTTC CAAAGCCCTCGTTTAGTTATTC 56
Asa—4 TTCCTGATATTTCTTGTGAGGG ATTTCTGTGGAAACCTTTTGG 59
Asa-5 CATTACTCCAAGTTGCTTTTATTT GAGATGACAGAAGAATTGAAGAGA 58
Asa-6 ACCTTCTGTTCTGTTTCACCTG TTCACTGTAATGCAATGTAATGTT 62
Asa-7 TCCATTCCATTACGTAGAGCACT CCGGCAGGGCACAGAAC 62
Asa-8 GGGAATAAGGGATGTAGCCAAGAT AGGAGAAGGAAAGGGGAGTGAGAG 60
Asa-9 GAGAAGAGGGCATTCG ATTTAGTGTGTGCCCAGC 65
Asa-10 GGTGTAATGCCCGTCCG CAGTGTGCAGACCAGCC 62
Asa-11 AGGATACATAGTCTCCC CAAGTTGGAGTGTCACG 62
Asa—-12 AATGGACATATCTGCTGG ATGGAGGGCCATATTTCG 53
Asa-13 ATGAAGGCATTGACACAGTTAG TGACAAGGTTTGAAAGACACAG 59
Asa—14 TAAACATACTGCTCCTTCACCC ATGTGCTCTTGTTTCAATGATG 60
Asa—-15 CTTGGACTTACAATGCTTTTGG AGCAAGTGTGGAGTCAGTCG 58

1.3 HIBELERSHF A8l UPGMA AL

1.3.1 B ARE

2 ZER

ffi FH Genalex 6.5 3 {4 43 1 B A~ SSR A0 45
TEAFEAHRE R 1) S5 057 B ROV, ) A RS 37 Ji PR
(N WL 2 6 B (H,) I E % & (1)
Shannon's ZFEPEFEEL (1) JEHRE (V) A R] 35
1R EE (D,) B AEAHALEE (S) 4% L s 1T 52 Z 4K
(F) A A% o0 Ak 2 B0 (F-statisties, Fo,) o N H
Powermarker 3.0 #4254 25 19 2 85 (E B
Fi (PIC) o kT 45 A3 B DR AT A2 (14 Neei's 33t 1% i
B, I MEGA 7 A5y 2 A A 1] 014> 4 [6]
UPGMA 244 .l Arlequin 3.5 8 F 2 20143
T LA )7 22 (AMOVA) , F ] F| STRUCTURE
2.0 BRAF AT AL K 2
1.3.2  D-loop J¥51

F I BioEdit 7.0 B A X W )5 15 51 447 S
5,38 3 Clustalx 1.81 #1550 4755 57 HE T o
F ] DnaSP 5.0 84 X % 47 R 2 HEE () P34
B R 22 5 B () ERAE BVE (H) BRAR BL 2 AE 1
(H,) \Tajima’s D i LA & 22 85 PE AL A0 (S) #4750
it o i i Arlequin 3.5 B M o A o 1 U7 %=
(AMOVA) A& 43 AL EL (F-statistics, Fy) o fif
I MEGA 7 % 3+ 55 ## 4 1] K2P (Kimura 2
Parameter ) it % 25 17 51 58 56 55 &, A0

2.1 BRETRFME

SSR ZF WAy i 142 ST B N R
4~18(%3), HP, Asa-5 25 S i £ (18)
Asa-12 F 7 BEH i 2 (4) 5 F ¥ N FTN, R 9.467
A1 3.607, ¥ H A1 H, A 0.661 F1 0.687., =%
BOTSTEIN %38 i PIC #5500y 1t 35 R A S F i
B bR UE , SF 1 PIC 4 0.701, 5 55 B & 25 (PIC >
0.5) ; Asa-5 tic i PIC 5 5 i 7 (0.844 ) , Asa-12
% (0.490) . 5t % o 38 B Fo 19 F B ME R
0.066, N, (1331l K 3.815(N, > 1), TET 1%
D HE A4, 950 5K RS (Zjg) 19 N, (7.400) (N,
(4.536) \H.(0.758) Fl PIC (0.723) & TR L%
(Yzq) ; BT H (Yaq) I N,(6.733) (N, (4.233) |
H.(0.727) F1 PIC(0.689 ) 33 & T~ Hifth 5 A FEAA (5=
4) . D-loop J¥ 4 43 Hr 3R W, £5 HEIA B S5 B 22 4
PE(H,) M 0.618 ~ 0.945, 41T P+ 4 (Diq) B 2% 1
TR Z R (H, = 0.876,7 = 0.008) . 1K
12w, 5 M (Ghq) 1 Tajima’s D A 1E{H, H
PR AR Ry A, P VA T (Yaq) FBEVT
HE (Diq) BN 3 (P < 0.05) M & b o (%
4),
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Tab.3 Genetic diversity of seven A. sapidissima populations detected by 15 microsatellite loci
(s AL AR Shannon's L L] BRR iR Z2BFEE
Locus g#{]\g %%&Nﬁ a8 %QEH” %QEHE Nm FST “HPIC
Asa-1 11 4.228 1.587 0.784 0.759 4.197 0.056 0.779
Asa-2 12 3.649 1.491 0.694 0.697 6.252 0.038 0.696
Asa-3 10 4.020 1.496 0.738 0.741 3.402 0.068 0.765
Asa—4 14 4.331 1.594 0.814 0.758 4.497 0.053 0.774
Asa-5 18 5.653 1.884 0.776 0.818 4914 0.048 0.844
Asa—6 7 3.490 1.350 0.733 0.688 5.179 0.046 0.679
Asa-7 6 2.777 1.131 0.600 0.620 2.808 0.082 0.621
Asa—8 12 3.864 1.422 0.686 0.679 3.084 0.075 0.696
Asa—-9 9 4.196 1.535 0.514 0.733 2.612 0.087 0.776
Asa-10 7 3.022 1.268 0.643 0.646 2.126 0.105 0.683
Asa-11 8 2.336 1.031 0.540 0.541 3.581 0.065 0.550
Asa-12 4 2.110 0.875 0.519 0.521 4.423 0.053 0.490
Asa-13 6 3.282 1.313 0.438 0.692 2.951 0.078 0.707
Asa-14 9 3.339 1.340 0.690 0.684 2.874 0.080 0.704
Asa—-15 9 3.809 1.507 0.743 0.733 4.316 0.055 0.751
Mean 9.467 3.607 1.388 0.661 0.687 3.815 0.066 0.701
TEN NN, =0.25 (1-F) 1 Fo, fH5 AL i
Notes: N, is gene flow, which is estimated from N =0.25 (1-Fy) / F, .
R4 ENSMETEFRTFD-loop FIIMBEEESEESH
Tab.4 Genetic diversity parameters of microsatellite markers and D-loop sequences
in seven A. sapidissima populations
P ZHMZH BT BT pisil pisil [apil M M
Molecular markers Diversity FHE W [ R AHI GRhEd TR LW,
parameter Diq Yzq Zjg Xeq Zyq Ghq Czq
SELIEELN, 5.400 6.733 7.400 5.400 5.467 5.733 5.133
Db Sf g0 7
ﬁyﬁg‘i%%ﬂ 3.446 4.233 4.536 3.054 3.108 3.420 3.454
» . Shannon's 881 1.361 1.536 1.641 1.200 1.274 1.352 1.352
R AR
Microsatellite markers
WA TEH, 0.709 0.749 0.696 0.586 0.584 0.640 0.662
W2, 0.691 0.727 0.758 0.615 0.643 0.682 0.697
4 j\S ):—‘%"AE_
i 11';1(: H 0.643 0.689 0.723 0.568 0.598 0.634 0.648
Z A LS 33 18 11 7 11 7 8
R R 2
SR K 3.853 1.830 2.074 1.623 1.563 2.600 1.989
D-loop 51 B mERET 0008 0.004 0.005 0.004 0003 0.005 0.004
D-loop sequence
PSR H 14 5 13 10 8 16 14
SR AT
A j;{gﬁ_ tE 0.876 0.618 0.887 0.816 0.722 0.945 0.860
d
Tajima’s D -2.059%* -2.057* -0.815 -0.241 -1.406 0.873 -0.672

4 ¥R Tajima’s D HPPERG 56 18 31 1 2 MK F- (P < 0.05) .

Notes: * indicates statistical significance level for Tajima’s D test (P < 0.05).

http://www.shhydxxb.com



2 4 ZEAR, A TR T R X SR 7 TR R 8% Z R AT 289

AL, 4 FRRCRETE £ A R] 22 80/ P 3 &
AN 281%. T 4 299%.C N 259%. G K
16.1%, H 1 (A+T) & & 5 58% . (C+G) &% & N
42% . TEATHE AR R B AE LT, A
2 32 A R AR T i CRAZ T R AR 57 221, ]

A58 100 ) . JLE CH 20 A (FR5) ,f
5 14 L R 6 AR A A A Frh LA R
Hap3 B % % 3] 66 K, 4 K 5w (o S R 8
31.4%) , Hk 6 ARSI

RS EMSWTBEEPAGRSHER

Tab. 5 Distribution of the haplotypes in seven A. sapidissima populations

H R P OR R PAAE ELA AL Number of haplotypes for each population

HEH Haplotype BULFHE (AR

Dtq Yzq Zjg

PSR

TR AR I B T 18 N
Xeq Zyq Ghq Czq

Hapl - 2 -
Hap2 7 11 8
Hap3 16 16 7
Hap4 - 1 _
Hap5 1

Hap6 1

Hap7 1

Hap8 1 - -
Hap9 2

Hap10 1

Hapl 1 - - -
Hapl2 - - -
Hapl3 - - -
Hapl4 - - -
Hapl5 - - -
Hapl6 - - 3
Hapl17 - - 1
Hap18 - - 1
Hap19 - - -
Hap20 - - 1

2 - 1 -
- - 4 3
1 - 4 22

1
=N
—_ = =

1

2.2 BEEfAohSiEtEn

T TR ARIC AT B, 7 4> 9% U i 3 AR 1] 1)
Nei's 15t 1% i B 4 0.058~0.397, 5 /& A L Ky
0.672~0.944(F6) . & MM (Ghq) FIRG 8 i
(Zyq) Efim st AL AHRLEE (0.944) Fil i il i i
5 (0.058) , BT 47 (Yzq) FIRGIE HHE(Zyq) 2
6] 14 35 1% AH 1) B % AIG (0.672) , 18 4% B B e K
(0.397) . UPGMA M 7R 7 /1> & P S 44
B S 43 R A S VT v (Yaq) R M K K s
(Zjg) TN — 3 HITPHE (Drq) IR MNAHIR (Xeq)
N 2K (Czq) M8 1 (Ghq) F1 R 8 ¥
(Zyq) BHI—FZ (FE 1) SR, T Nei's (L HE
BN 210 BN B AT NJ RS, R T A
BER S 3o A, oA Hh B S A R A 43 32 (
2) o XFTASBEARSEAT B AL 4540 o A, 45 Rk R

K =20, AK = 400, H BLIEAA, HE00 7 4> 56 I B 1
R4y R 2 A B R e (L 3) s Hoh B g
(Yzq) FFR I TK K s (Zjg ) BEAR R A HE 1, Ay S
MRS 2,

D-loop #5140 /R 7 AN BEUAR ] A9 K2P 18t 4%
FE B4 0.003 ~ 0.006, HH VT FHE (Diq) A1 75
AR (Xeq) JH MR (Ghq) i i (Zyq) Y8t
1% A B B35 (0.006) , W36 7. B3l H ¥ (Zyq) F
W MBI (Czq) 119 Fy 5 (0.479, P < 0.01) , 1L
AT (Yzq) 5 55 AR (Xeq) B 38 H 7
(Zyq) , BVLPHE (Diq) 5 93 M AR (Xeq) a8
H(Zyq) , 5 MR (Czq) 55 MIFHI (Ghq) F5
HHIR (Xeq) R HEE (Zyq) , B8 PP (Zyq) 595
Mk R (Zjg) Z 0] Fo A8 B R 0 3% 22 57
(P<0.01). UPGMA BIH R 7 HERZ ]y M
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PN

33 %

K, E NI (Chg) HEE T (Zy) BREF S
IR AR (Xeq) A, 155 5 MK (Czq) T3
T KU (Zjg) MBI T (Yzq) BN —32, BTt
BE (Dtq) MR —32 . F&TF D-loop M1 SSR 43 B Y 5

M 2 5 7R 5 NI I (Ghq) AR 3 P 7 (Zyq) 5%
%%%?ﬁﬁw%%%@mﬁ%ﬁ%¢wm)
G R BT, BT B (Dig) BT 47
wmxwm%%@@m%%ﬁ%m@@nn

F6 TAEMEBEFRE Nei's BEER (ETR)MEE-—BE(HELR)

Tab. 6 Nei's genetic distance (below diagonal) and genetic consistency (above diagonal) of seven A. sapidissima

populations

2N BT BT PN TR AR [RRiRNES B IR N R
Population Dtq Yzq Zjg Xeq Zyq Ghq Czq
BT Dig 0.747 0.823 0.851 0.900 0.930 0913
BT Yaq 0.291 0.875 0.678 0.672 0.696 0.744
TN RIS Zjg 0.195 0.134 0.748 0.785 0.820 0.844
SRINARBE Xeq 0.161 0.389 0.291 0.866 0.864 0.774
B Zyg 0.106 0.397 0.242 0.144 0.944 0.875
H NI Ghq 0.073 0.363 0.198 0.146 0.058 0.915

WM Czq 0.092 0.296 0.169 0.256 0.134 0.089
HETHT Yzq HMIRBE Czq
D TRINFEHE Zjg HMTRFHE Zig

— FFINFEIR Xeq HITHP Yzq

I WMV Ghg HHAER Xeq

R Zyg HINEW Ghq

0 HIMEHE Czq BB Zyq

BYTIHE Dtq BT Dtq

0.02

0. 0005
R

E1 74 B EE TR I 2R () 1 D-loop 55 () EE 2 HTH UPGMA B 284
Fig. 1 UPGMA trees among seven A. sapidissima populations based on D-loop sequences (left) and microsatellite
markers (right)

WAL, T 2 Fh 4 A i i — 20 X6 7 A BER
PEAT AL J5 22 (AMOVA) 43 Br , 45 e & 35 T
SSR T4, 7 A FEAAR ] 1 382 4% 23 Ak 46 50k 0.060,
A5 SRR BRI (93.97%) . 5T D-loop
JPA, 7 A BEAR ]38 4% 4 Ak 38 B0k 0.125, 748 55k
Pt B R REAR N (87.48%) , LW 78 S 8 &
ATERER Y, T REAAR 0] 1) 35 4% 43 A K AN 3 (3R
8)s

3 ihe
3.1 ETFSSR{ISMBERESHME
ZANEAG B RN 2% B BEAE M Al R ) st

& Zo R v I Y B B AR o, L O AR B A
FREEH R ARBESE R, 154 SSR AR LAY PIC {H
47 0.490 ~ 0.844; 2% BOTSTEIN 45254 & bR ifE
4 Asa-12 037 5 (PIC = 0.490) J& HH BE 2 540, Hoxy
uﬁﬂﬁmﬁzﬁu£@m>owomﬁmN
EING B G R 0.5 ~ 0.8 I, A ) F i
ﬁWE%E%fﬁiﬂﬂmmnﬁﬁg FHE
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AR /INGE ], 1B 2 A R T B b 3 B s
B2 Bett. ARIFFEH, T BRI R A B 4
T 0.5~0.8, 3% 5 AUNINS 2520 %of £ 4 4 37 4u A1
WRIGHT %550 % VG 7 g 2 1) BT A4 il A K 1 28

T A B E 5T 45 SR AR AT (H, 4393 A 0.60 ~ 0.82 Fl1
0.77 ~ 0.81) , R HH 74~ 3 PN BF A (AL B8 1 4 o 1)
w2 e B — ek aE W .

WAL AR B P 8 FH R B WU R 1] 35 4% 22
SERRRE RN MRS SSR A3 4 SR 7 B
1A 18] 1) 318 % 43 A 48 B0k 0.066, 156 BH B 44 8] 1776
BE/INFEPE B AL AR S o N, T LS AR A ] i (R
(A G L, 24 N, > 1, id B R AR (7] 66 PR 52 9 A4
POBEMME R AR, T AR A A
(1) N, SF-3(E h 3.815, AT I K B A (6] 77 78 25 40 2
(IR AZ L . LT Nei's A% B F 2 19 AMA NJ
PEAR AR 52 B 4 210 J2 56 U it 1A o DR R Ak 22 57
SRR R TT H B A 00 20 L E— 20 U B A5
IRTE) B A RTE — E F2 A7 78 PP o AY 35 14 TR 24
M4,
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® HITHF Yzq
© BITFHE Dtq
TRMARB Xcq
® HINEH#HE Czq
® FEHEH Gha
© BETE Zyq
© FIMTRKHS Zig

2 EF Nei'siE BRI B 210 B E M 604N B NJ B2 24

Fig.2 NJ tree of 210 A. sapidissima individuals based on Nei’s genetic distance

EMEEE Ceq MW Gha  FRMARM Xea BULSME Dta  BWLHF Yo FIMIKEME Zjg BHEHE Zyg
B3 =7 MEE R E RS E (K=2)

Fig. 3 Genetic structure map of 7 populations of A. sapidissima (K=2)

RT TAEMEBBEAE K2PEEER (£ TR MEEsUEYF,(FLR)

Tab.7 K2P genetic distance (below diagonal) and genetic differentiation index F, (above diagonal) among seven
A. sapidissima populations

I BUTFHE BT N IRR TR 3 BN 9 vl
Population Diq Yzq Zjg Xeq Zyq Ghq Czq
BT FHE Dig 0.002 0.018 0.283% 0.305% 0.150% -0.001
BT Yoq 0.005 0.031 0.358# 0.425%% 0.220% 0.088
TR F U Zig 0.005 0.003 0.201%* 0.257+% 0.066 0.092
IR Xeq 0.006 0.005 0.004 0.033 0.023 0.450%
RV Zyq 0.006 0.005 0.004 0.003 0.040 0.479%*
BRI Gh 0.006 0.004 0.004 0.004 0.003 0.271%%
M Czq 0.004 0.003 0.003 0.004 0.004 0.003

T e Rk BB KT (P <0.01), #3858 BE LK F-(P <0.05),

Notes: “* *” shows extremely significant difference (P < 0.01), “*” shows significant difference (P < 0.05).
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KR8 TAEIMNMEBELEAE T SSR 4L A F1 D-loop 5 5 AMOVA 43 #f

Tab. 8 Analyses of molecular variance (AMOVA) based on SSR markers and D—loop sequences in seven

A. sapidissima populations

< EL sy
5 5 A R
Source of variation

43 FHRiC Molecular marker

Sum of squares

[EF S

Rkl Jr 245} P
ercentage of

Variance component L
variation/%

B FEAAIA] Among populations 152.652 0.336 6.03
S,%R fric HEAR N Within populations 2167.617 5.248 93.97
SSR marker
SR 5 Total variation 2 320.269 5.584
FEMARIE] Among populations 7.980 0.036 12.54
_ |
D=loop 751 BEPR Within populations 50.933 0.251 87.48
D-loop sequence
578 5 Total variation 58.973 0.287

TR T A S A 50T 3l 3 K S ik, 7 AK
Foe R X 7 B KB A A T A AR AR
WESE 7 A BEARBE 53 o WA A, S R
PHE MR L T N AR 38 BT PR A RN e
PEREA T Z AR R 1, BT T (Yaq) A
I 5K G U BE AR T T 2 AR s R 2, U] R
M HE H NI (Ghq) IR M AR (Xeq) VYT
FHE ARG A PR (Zyq) B 0 38 4% 06 R AT, 4
T4 (Yzq) FUIRIN 36 G Hs (Zjg ) BEAR A 52 1% G
FREGR X 5P 25— S0 AT T
rR RT3 M 1 S B AR 1) S A T BB KR R ] — T
Fhdgr. DU, SSR A AT 45 FAL UL B 7 A B A 1Y) 2k
1 ZREM K5 R , SRS R, BE IR 8%
Gyt E Bk A BRI (93.97% ) , A D At
T i — A BILAS /N7 T o 45000 B A & e i
¥
3.2 ETZ&H{ED-loop FFIHIEHKEE SN

B Y 22 R R Y TR 22 A P s i R
WL AR R IR S AR W E H, = 0.5 Flar =
0.005 M X E Z FEPE SR BI(ESY . ARBFSE
I BAAEF L REVE (H, = 0.618 ~ 0.945, -1 0.818)
MR AR IR Z #EE (r = 0.003 ~ 0.008, *F- 14 0.005)
gEOR T 5 akar S OXE K B S| SRR 3R
B BEAR (9 45 R (H, = 0.882, 7 = 0.003 4 il H, =
0.267,7 = 0.000 5) , DL F X 35 55 XH e 7 1
I J 2 v Ak A &5 R (H, = 0.837 ~0.942, 7 =
0.005 1 ~0.005 7) AL, B 7 A FER I ey
B R, BRETPHE (Drg) RSN , HA 64>
BRI R Ry e BRI AZ AT R 1 a8 1 2 A
B, X 5 E N X e M o [ A
(Onychostoma gerlachi) ™" AR 135 4% 53 B 45 S AH
lo FRATHEN X EZRAENNHER TR, B
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i HRE 0 7 A I ) N TR K ST B 1L
A, Tajima’s D H P4 4G 56 25 SR & BRI 5 M v ]
PRAL, LA BRI Sy A A B, IR S 1 R
e

i8¢ 4% 1 B8 A 35t 1% 4 Ak e B0nT DL A )R
B R A [ o3 AR R 3 8 AR5 R B T A B A
(1) 38 4% 15 2 %2 /N (0.003 ~ 0.006) , iX 5 25 T ik
00 %t Ik o J§ 14 (Cheilinus undulatus ) Fl 28
Wl Xk BE B (Siniperca scherzeri) W) 43 Mt 45
(0.005 25 ~ 0.006 98, 0.007 ~ 0.010) H L) , 15 #A
SRR MEE G R . Tl E0ids R
N BB LR B F, = 0.125, L A Fok T S
Bl 10 A0 M 245 AR 0L, JL-F B A A 728 S 38 % A
T HEIR N (87.48%) , 7 A Ff A 1] 22 5 B @ /N F
B N 22 53, BEAAR [B] 38 4% o0 A K 3 AIG, PRk &
B LA b BT BB 2 — AN S LA /N T = 2L
B R SRR
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X TR AR T i 8t % BIF 5 ] 48 v ) L3 A% 24
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(14 A5 A7 FISE B A8 77, B2 0 AT RE S BORR B
R AR ARG o, FRATT R B SR A SSR AT D-
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Fa B REAAR ] 352 4% A 5 35T Nei's 35 1& BE 2544



2 R, A TR R R R M X S YN 7 S SRR R 35 1L AR E A 293

HER AR R A B AR e 4 — 3, XSG
55 KE S 27X 2R VT30 0 B (A FI1EX ST 1 450
F A 1 (Scortum barcoo ) FFEAAR 1) 1 1% 22 B 1 it 1B
SESIARL, M T BR 5 Lk AR O B R R A
XK, st AL il B AR AT LR A 5 TR TR S G
REGE WA UL, T i RS S ZHE A7
TE—E Jry B

BEAN, RN I v R 7 AN BE AR Y 8L ok
FFER [ B P, B AR (R] 5 A% AR S Ak T AR OK
o AP RR O AT B R 2 BOREAR B A
GFERIG, H 74 BERAT RO R B
3.607, FEAARIR] 1Y 35t 4% B B0/ HEMN T RE 2 5 K
B[] TC AR 5 | 2 320K O Ah 72 () PR R A7 56, Ik
Ah T BERE R R T RE DT T KW Tk PR
J1 AW R ARG 2 il 7 SRR )5 A% 534k
PR [RIEE, W R IRAT, 8 FoRAYIE T TAE
rh N S B RD FEAA ROCRE AR | B R O R AR
(AR =2 [ ()30 25 22 .

4 Hhig

AHIE 58 F] FH SSR A i AT KL A D-loop J7 51
OIMT T TA SE IR R 3 A RN S5 R BoR
BEIAR BB o AR B AR AR B B /. RIS, 7
MREHRY R S st Z0EE, B — 2 ik
BT ARG RN — 20 55 PN ) Fh 5T ok R
e 7 PR A A A

B 3Lk -
(1] BUAR, MK, BRI, % T (LIRS a4h 1y
AR R AR P AR L], AR BB R, 2022,

49(5): 266-271.
SHUI C, SHI'Y H, LU G H, et al. Changes of growth
characteristics and digestive enzyme activity of American
shad (Alosa sapidissima) fingerlings in a factory farming
pool [1].
2022, 49(5): 266-271.
[2]  BAYSE S M, REGISH A M, MCCORMICK S D. Survival
(Alosa

Fisheries Science & Technology Information,

and spawning success of American shad
sapidissima) in varying tlemperatures and levels of glochidia
infection[J]. Fish Physiology and Biochemistry, 2021, 47
(6): 1821-1836.

[3]  mbese, mEs, SRHDE. 40 Flrb 524 %] 36 P i s Fn <
R TR B RSN TR AR A ST ] G Tk, 2023, 44
(12): 67-73.

GAO X H, GAO W, ZHANG M H. The antibacterial

effect of 40 kinds of Chinese herbal medicines on

(4]

[10]

[11]

Aeromonas sobria from Alosa sapidissima in vitro[]]. Feed
Industry, 2023, 44(12): 67-73.

WA , EAEHE, Raa . b N 2 DX 3 P i 57 5
P A e PR R A ( B [T]. BRaE 3R, 2020, 42
(8):5-6.

SHI'Y H, CAO X D, XU J B. Investigation report on green
development of American shad culture industry in Shanghai
and surroundingarea (continued) [J]. Scientific Fish
Farming, 2020, 42(8): 5-6.

XUTFAR, PRLL, i, 2. Gt FRAE DR AN ol
KBEREELT]. Wbl 2017, 286(10): 48-50

LIU Q H, ZHENG Y H, MENG H, et al. Current situation
and prospect of industrial development in American shad
[J]. Hebei Fisheries, 2017, 286(10): 48-50.

A5 AR R S R (D] JRN SR
K2, 2007.

LI'Y. The research on fishery development and fishermen’s
lives of southern Jiangsu in modern times [D]. Suzhou:
Soochow University, 2007.

TR, MK, feaail, 5. SEYNE IS R4 2 Ak
EST-SSR A MU LT % 5 AT LD ] PG AL A BRRE
AR CAARRIERD , 2023, 51(11): 1-12

YU A Q, SHI Y H, XU J B, et al. Development and
application of polymorphic EST-SSR markers in cultured
American shad (Alosa sapidissima) based on brain
Journal of Northwest A&F
2023, 51(11): 1-

transcriptome  datasets [J].
University (Natural Science Edition) ,
12.

R, TR, BORRE, AL R R T RRg
FEkREL)]. K2k, 2022, 35(5): 111-117

LI W W, WANG B Q, HUANG T Q, et al. Research
progress on molecular markers of fish growth: a review[J].
Chinese Journal of Fisheries, 2022, 35(5): 111-117.
ZHOU Y, TONG J G, WANG J R, et al. Development of
microsatellite markers and genetic diversity in wild and
cultured populations of black carp (Mylopharyngodon
piceus) along the Yangtze River [J]. Aquaculture
International, 2020, 28(5): 1867-1882.

KAk, SRA, @A, L TR TR R IC A RLA D-
loop FFFIAY 54> L RSP AR LA A8 S 40T [0 ). Pk
FERRE, 2022, 29(9) : 1277-1289.

ZHANG D, QIANG J, FU J J, et al. Genetic analysis of
five stocks of largemouth bass (Micropterus salmoides) with
microsatellite and mitochondrial D-loop sequences [J].
Journal of Fishery Sciences of China, 2022, 29(9) : 1277-
1289.

PR, BRANTL, dEle, SR 3B GG TLE AR IC AN D-
Loop #B73 FF A1 8 # 42 5 73 M [0, K77 2441, 2015, 39
(4): 465-474.

FUJJ, XUR W, XUE T, et al. Genetic analysis of three

stocks of loach with microsatellite markers and D-loop

http://www.shhydxxb.com



294 Eowom oW R ¥ R 33 &
partial sequences[J]. Journal of Fisheries of China, 2015, [21] KUMAR S, STECHER G, TAMURA K. MEGA7:
39(4): 465-474. molecular evolutionary genetics analysis version 7.0 for

(12] ki, M7, S48, 55 . 3T D-loop JT 41 F1 SSR bigger datasets [J]. Molecular Biology and Evolution,
B MTE H £ 5 6 AN BEREOR 0 g A 0 [0 ], SN AR B 2016, 33(7): 1870-1874.

2%, 2021, 49(12): 76-85. [22]  EXCOFFIER L, LISCHER H E L. Arlequin suite ver 3. 5:
ZHANG X B, FU JJ, HU J L, et al. Genetic diversity of a new series of programs to perform population genetics
Congjiang Cyprinus carpio and 6 C. carpio populations analyses under Linux and Windows[J]. Molecular Ecology
based on D-loop sequence and SSR marker[J]. Guizhou Resources, 2010, 10(3): 564-567.

Agricultural Sciences, 2021, 49(12): 76-85. [23] PRITCHARD J K, STEPHENS M, DONNELLY P.

(131 ™e, sk 3C, ki, 4. RNE N LE Inference of population structure using multilocus genotype

ARYHRLI]. K= RHE AR, 2020, 47(3): 121-125. data[J]. Genetics, 2000, 155(2): 945-959.
YAN Y L, ZHANG Z W, SHI Y H, et al. Preliminary [24] HALL T A. BioEdit: a user-friendly biological sequence
study on indoor artificial propagation of Alosa sapidissima alignment editor and analysis program for Windows 95/98/
[J]. Fisheries Science & Technology Information, 2020, NT[J]. Nucleic Acids Symposium Series, 1999, 41(41):
47(3): 121-125. 95-98.

(14] SRR, ZR35F, FEWT, . SRR AG A B 5 [25] ROZAS J, SANCHEZ-DELBARRIO J C, MESSEGUER
[J]. TEPa Al K224, 2014, 36 (6) : 1343-1348, X, et al. DnaSP, DNA polymorphism analyses by the
1356. coalescent and other methods [J]. Bioinformatics, 2003,
MI G Q, LIAN Q P, WANG Y P, et al. A study on 19(18): 2496-2497.
embryonic development of Alosa sapidissima [J]. Acta [26] BOTSTEIN D, WHITE R L, SKOLNICK M, et al.
Agriculturae Universitatis Jiangxiensis, 2014, 36 (6) : Construction of a genetic linkage map in man using
1343-1348, 1356. restriction fragment length polymorphisms [J]. American

(15]  WAARIE, SRUENG , A5 S UM B LA L 3 A 97 4 Journal of Human Genetics, 1980, 32(3): 314-331.
011, AP RIS, 2022, 49(2): 77-81. [27] KE X L, LIU J, GAO F Y, et al. Analysis of genetic
HU C H, ZHANG S M, YANG ] P. Culture experiment of diversity  among  six  dojo  loach (Misgurnus
Alosa sapidissima in greenhouse canvas pool [J]. Fisheries anguillicaudatus) populations in the Pearl River Basin
Science & Technology Information, 2022, 49(2): 77-81. based on microsatellite and mitochondrial DNA markers

(161 SRAEHRRE . o i o i e 45 4 5 a8 1% 22 Bk 20 B S S8 [J]. Aquaculture Reports, 2022, 27: 101346.

i T Y8 S W 30 0 7 9 A B B (D], R AT s R AR K [28] QIN Y, SHI G, SUN Y. Evaluation of genetic diversity in
2%, 2020. Pampus argenteus using SSR markers [J]. Genetics and
ZHANG D K. Analysis of populaiton structure and genetic Molecular Research, 2013, 12(4): 5833-5841.

diversity in Tenualosa ilisha populations and physiological [29] AUNINS A W, EPIFANIO J] M, BROWN B L. Genetic
response of Alosa sapidissima to temperature stress [D]. evaluation of supplementation-assisted American shad
Nanjing: Nanjing Agricultural University, 2020. restoration in the James River, Virginia[J]. Marine and

[17]  FARIA R, WALLNER B, WEISS S, et al. Isolation and Coastal ~ Fisheries:  Dynamics,  Management, and
characterization of eight dinucleotide microsatellite loci Ecosystem Science, 2014, 6(1): 127-141.
from two closely related clupeid species (Alosa alosa and [30]  WRIGHT S. Evolution and the genetics of populations. A
A. fallax) [J]. Molecular Ecology Notes, 2004, 4 (4) . treatise in four volumes. Volume 4. Variability within and
586-588. among natural populations [J]. Journal of Biosocial

[18]  HASSELMAN D J, RICARD D, BENTZEN P. Genetic Science, 1972, 4(2): 253-256.
diversity and differentiation in a wide ranging anadromous [(31]  42ik. FE 4T 6R T REE S 2R IRSE (D). 5t
fish, American shad (Alosa sapidissima) , is correlated M BEHKA, 2022.
with latitude[ J]. Molecular Ecology, 2013, 22(6): 1558- JI D. Germplasm characteristics and genetic diversity of
1573. golden-backed carp in rice fields [D]. Guizhou: Guizhou

[19] PEAKALL R, SMOUSE P E. GenAlEx 6.5: genetic University, 2022.
analysis in Excel. Population genetic software for teaching [32] e, Ak, Barmi, 4. BRI AL S5 4 i 3L R
and research-an update [J]. Bioinformatics, 2012, 28 [J]. 4%, 2004, 26(3): 377-382.

(19): 2537-2539. QU R Z, HOU L, LYU H L, et al. The gene flow of

[20] LIUKJ, MUSE S V. PowerMarker: an integrated analysis population genetic structure [J]. Hereditas (Beijing) ,
environment  for  genetic  marker  analysis [J]. 2004, 26(3): 377-382.

Bioinformatics, 2005, 21(9): 2128-2129. [33] EVANNO G, REGNAUT S, GOUDET J. Detecting the

http://www.shhydxxb.com



2 4

R, A TR R R R M X S YN 7 S SRR R 35 1L AR E A 295

[38]

number of clusters of individuals using the software
structure: a simulation study [J]. Molecular Ecology,
2005, 14(8): 2611-2620.

ZRGHET, A, B IR, SE L ASIE] PG A A i
25" mtDNA D-loop JFFVBAE R R4 1T ()], LIMEETER
AR, 2023, 32(2): 266-274.

LI X X, ZHENG D D, LUO M K, et al. Genetic variation
analysis of mtDNA D-loop sequences in different body
color koi carp and FFRC No. 2 strain common carps [J].
Journal of Shanghai Ocean University, 2023, 32(2): 266-
274.

BT, femH, R, . ST B RS
R R Z R T (D], R RE R, 2022, 31
(1): 52-60.

ZHAO J X, XIONG HY, WU JJ, et al. Genetic diversity
analysis of Triplophysa brevicauda in the upper reaches of
Lancang River in Yunnan Province [J]. Journal of
Shanghai Ocean University, 2022, 31(1): 52-60.
FON, XE, W%, 5. 6 ML Sk E AR L
RGBT ] BT AR, 2018, 14(4) : 46-55.
DONG Z J, LIUN, FU J J, et al. Genetic analysis for six
wild and selection populations of common carp (Cyprinus
carpio) using microsatellites [J]. South China Fisheries
Science, 2018, 14(4): 46-55.

itk FUREBE, BEHRNG, S HRMIVLRG 77 1 T SRR
mtDNA D-loop 81 [ it e ZREPESM (D], R4l
IR, 2020, 39(4) : 1513-1518.

ZHANG HR, DAI'Y G, YUAN Z X, et al. Analysis of D-
loop sequence and genetic diversity for Onychostoma
gerlachi population in Duliu River [J]. Genomics and
Applied Biology, 2020, 39(4): 1513-1518.

TRFEFE . L T HLIX TI85% ( Coilia nasus )5t 15 Z2 FEMERE
FEID]. K& Kl R, 2016.

ZHANG S S. The genetic diversity study of Coilia nasus of
Liaoning Province in China [D]. Dalian: Dalian Ocean
University, 2016.

ZERR, EFS, SRER . BT mtDNA #H] X A 80U
FRY 4 AN R D PR R A 8t A Z AR L (D). Mg R

[40]

[41]

[42]

[43]

[44]

e FIRBERL, 2017, 35(4) : 359-365.

LI'Y X, WANG X Y, ZHANG G Q. Genetic diversity and
divergence of Cheilinus undulates from four different
geographic populations based on mtDNA control region[ ] ].
Natural Science Journal of Hainan University, 2017, 35
(4): 359-365.

R KT PR AR I A5 45 4 MO AL AR P 5T
[D]. B¢ BEHRE, 2018.

LI S. Genetic structure and genetic diversity of Siniperca
scherzeri population in Qingshuijiang River[D]. Guizhou:
Guizhou University, 2018.

W, FOMEREE, L, A HR LI 3 AR R Y L R S
HZREMETM ()], il e s, 2018, 27(5)
666-673.

LI S, GUO J K, AN M, et al. Genetic diversity and
variation of three Sinipercine fishes in Jinjiang River[J].
Journal of Shanghai Ocean University, 2018, 27(5): 666-
673.

FANG D A, HE M, REN Y F, et al. Assessment of
genetic diversity of the Salangid, Neosalanx taihuensis,
based on the mitochondrial CO I gene in different Chinese
river basins[J]. Biology, 2022, 11(7): 968.

BASLRE, FRHEE, MR, B A ZORLIR D-loop F 51
FI SSRARICAS 5 A1 B SR B RE IR 8 4% ZREVERY 04 () ).
WKl , 2019, 49(3): 37-46.

ZHAO L X, DONG J J, SUN CF, et al. Mitochondrial D-
loop sequences and simple sequence repeat markers
combination analysis of genetic diversity in reared Scortum
barcoo populations [J]. Freshwater Fisheries, 2019, 49
(3): 37-46.

WA , HIRER s U . S e e I o vl 6] 2 N
P 5 e RO BT ] R R A, 2022, 38
(9): 151-156.

SHI' Y H, CAO X D, XU J B. Effect of COVID-19
epidemic on Alosa sapidissima production in China and the
Agricultural ~ Science

countermeasures [J].  Chinese

Bulletin, 2022, 38(9): 151-156.

http://www.shhydxxb.com



296 SR C S N S SO 33 %

Genetic diversity analysis of seven American shad (Alosa sapidissima)
populations in southern Jiangsu, China

LI Yulin', LUO Mingkun®, FENG Bingbing’, ZHU Wenbin®>, FU Jianjun®’, LIANG Zhengyuan'®, XIE
Xudong’, MIAO Linghong®, DONG Zaijie'*

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, Jiangsu, China; 2. Key Laboratory of Freshwater
Fisheries and Germplasm Resources Utilization , Ministry of Agriculture and Rural Affairs, Freshwater Fisheries Research Center,
Chinese Academy of Fishery Sciences, Wuxi 214081, Jiangsu, China; 3. Fisheries Technology Extension Center of Jiangsu
Province, Nanjing 210036, Jiangsu, China; 4. Wuxi Raysun Fishery Sceince and Technology Co. , Lid. , Wuxt 214001,
Jiangsu, Chinas 5. Zhenjiang Xinrun Agricultural Development Co. , Ltd. , Zhenjiang 212115, Jiangsu, China)

Abstract: To investigate the status of germplasm resources and the level of genetic diversity of American shad
(Alosa sapidissima) breeding populations in southern Jiangsu, a total of 210 individuals from seven different
populations including Zhenjiang Dantu (Dtq) , Suzhou Zhangjiagang (Zjg) , Suzhou Xiangcheng (Xcq) ,
Nantong Zhongyang (Zyq) , Zhenjiang Yangzhong (Yzq), Changzhou Gehu (Ghq) and Changzhou Wujin
(Czq) were analyzed using 15 microsatellite markers and mitochondrial D-loop sequences in this study. With
the exception of Asa-12, the findings revealed that all 15 SSR loci exhibited high polymorphism (PIC >
0.5). Among them, the expected heterozygosity (H.) of the seven populations ranged from 0. 615 to 0. 758,
and the polymorphic information content PIC ranged from 0. 568 to 0. 723, both of which were highest in the
Zjg population. A total of 32 mutation loci and 20 haplotypes were defined for the D-loop sequence analysis,
with the Zjg population having the most haplotypes (11). The haplotype diversity and nucleotide diversity
indices for the seven populations ranged from 0. 618 to 0. 945 and from 0. 003 to 0. 008, respectively. The
genetic distance of Nei’s (0.058) and the genetic K2P distance (0.003) between the Ghq and Zyq
populations, determined by genetic distance analysis using SSR and D-loop sequences, were the lowest and
were lower than the genetic distances between other populations (0.073-0.397 and 0.003-0. 006,
respectively). We conducted a thorough investigation and discovered that genetic variation among the seven
populations was low, despite the fact that they were genetically diverse. The gene flow N, > 1 and the mosaic
arrangement of the different evolutionary trees supported the strong connectivity of the seven groups. This
study provides a theoretical basis for further breeding efforts and a preliminary understanding of the status of
American shad germplasm in southern Jiangsu Province.
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