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FRAE, BIKAE S A Fas by 258, RiEhbt e T
A S A5 LR 6 A L O FE VS A B UK RS R A K
SR AETTR I RS KRR R i R A
FARFET- XS . 20 4D 90 4EAR 515 2010 4F,
A S0 A% BRI RE 22 38 BRI S K vy e B T 3R

IR B OSBRI R

ol A5 A8 SO B N T SR Ml A B R R e, b
R Bk 0 £ A 1) 2 S

AT FIH SR E R S — e ¥ _E
YiFpisi il Z BRSO H R (st AL 2544
FL B MRER L A B AL k. TR EVE AR R
45 S A v R R R AR B A R AT B 5
HPIER AR T 44 F K&, il RAPD 4
MR 28 A AR RN R EY T ACH
A, WA = 2 A e g, (B AL Z R pE K
SEH TR . R RERIAE SR AFLP AR £ AR X6
V] i B P 2 0 6 5 A A e A 8 A B A 5
() Fy BERBAE AT T 09T, B E 2R
PEAK B T HAREP AR, O REAR R A9 2%
38T LA AR AL 2R . 2R S i
BEARCAAT R, GRS e IR B A 2 AR
1A R A E = N (SR LY =1 G S N pviry s £ L i
Az B A AN A T8 AL T B R B AN R SR
AT 36 A R 30T S A TE T B 3 A5 2R T % . Li
FEEF T ARG, [FRE K ISR R R AR Y
L 2R K TR B A, HARERZ 0 &
A G A o Ak, Ak SR R D L
590 L A8 AT s 3 0 % B AR 3k A% A St 2 s/ Y
JEA

RS AR AR PCRY . 28
PEE . AR . G R A ML
SO R Aok IR E AT EECR M TR

PRI Y 5 B Rt 5% A S U A a5t 22 AR PR,
{ATF AR H B D EAMICAAE TAE R, 28 . Al
NS N (R E RGNS R i B U B S S AN
DNA Hric F Be b o0 S5 S0 8 SO U 5t A% 45 14 F st A%
ZREE TR IR AR DCHGE . ZERiA DNA (mtDNA)
BA Rl . dHbHORI . R JLPEA
RAFHSR S, O Z 0 H TR L2
ARG KRBT Y, Hrh mtDNA 40 R
C A ALHEIFE (CO 1) FE R4 (5 28 b (Cyrb) K&
PRI S Ak T3 38 3 R KT R 22 S
SRR LS . G 2R E R B AR,
AR T IR B AL 6 >4k LAk SRR
A, BT Col . Cyh FHFHN oM T 45 BEAR 4K
SUELHI AL 4540 S s AL ZREPE, D ITAN 3R E 4%
LA B R LA S 5 S AR A 0] 35t A A5 4 1Y
M ERAL TR AR

1 MESIHE

1.1 HEXE

6 /™ HE AR 19 48 250 4 86 53 53] T 2020 4F 8 H —
2021 4F 3 A MR E N (Z2Z), L7 Ki% (DL).
INAR 2R A (RC) B K 1L 3 5 11 m B & (NH), g
LS (TT). REKE (DQ). FHorfr ZZ BER N T #E
T, K TEm, &2 FMEHMA; DL BEHA
HREET BHEIRHER, JRIE RICFRHREA
RC FEACH IR A R B EHREAR, 8 BACTRAREAA
NH B 2ACFRFEBEA ;. TI BRI 00 7
A, A B A 5 R, JRAE R
IRFERER; DQ BEAR M EFAEREIR, 6 Nk Ll
BEACRFE(S B 1o T PRMIRAE 2 5050 = M),
HUULIA 2 2 G R 5 T80 °C EAIGIR VK AR

T1 FYBERFER

Tab.1 Sampling information of H. discus hannai

FEfR ZL(E) BEN) PREIEE] AR A
population longitude latitude sampling date number of samples
77 117°51'57.72" 24°7'58.81" 2020-11-06 45
DL 121°31'19.00" 38°5226.43" 2020-08-23 50
RC 122°33'37.27" 37°8'40.55" 2020-11-04 39
TJ 120°45'42.87" 38°9'29.19" 2020-08-23 50
DQ 120°50'5.05" 38°17'54.60" 2021-03-13 39
NH 120°54'51.41" 38°20'59.71" 2020-08-23 36

M ZZ3EM, DL. K&, RC.ZEM, TIAEHLE, DQ. K4k, NH. FPEdRE, .
Notes: ZZ. Zhangzhou, DL. Dalian, RC. Rongcheng, TJ. Tuoji Island, DQ. Dagqin Island, NH. Nanhuangcheng Island, the same below.
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Free o AR SZI0 ™ b i R R K P B2 AT 5 e 5
B Sh Y 4 AN R R T

1.2 DNA i2EX. PCR ¥ & 5NF

B SR ZH 2T, R F - k4 i
17 DNA #8250, $EHEEE S DL 1.5% Biis b BE i
VKKZI . Gene finder J 5, BURRGEMEE S,
I | F NanoDrop Lite # fi = 43 6 ) B i I &
DNA [V BE S4B, HUT 54719 DNA 53 i
% 50 ng/ul, B T-80 °C MK IR VKAG 1R AE 45 1 o

R 5 4 50 4 0 2 kL A4 3 R 8 (OB SR
EU595789.1), #| H] Primer 3 % 4 # 437 CcO1 .
Cytb FER 5Pyt 3 28 th A6 5 R A PR By
FE) /NI R /NS B el N5 s A K 7/ D 2 11 By
Bk COT-F: (5-TTCTGACTCCTCCCACCATC-
37; COI-R:(5-GCGAATACGGCTCCTATTGA-
37); Cyth-F: (5-CGTGAATTATGGGTGGCTCT-
3"); Cyth-R: (5'-AGTAAACACACGCCCAATCC-
3"), PCR W RZ : 2xTag Plus Master Mix 1T 25
ul, TG4 2 ul, DNA BRI B 50 ng/uL,
1 pL, #b3E ddH,O 2 EAFR 50 uL, PCR 2
MFRF: 95 °C WAL 3 min, 30 NMEIR, AEME
HALFE 95 °C A48k 155, 58°CiBk 20s, 72°C 4t
41 1 min, HBEMERLEM S min, P EF=YE 1.5%
SR BB RSB VKA, R RGOS . A, ik
PEEAT B — 22 57 Y PCR P2 JER, s Hdbat
BERVEYRHIR A IR AR E B0 aife . i

1.3 HIESH

A P 51 24 F Chromas 2.33 %) W g2 & A |
MR, KA 2206 . RUE R RE S BTN . A
11 Bioedit 7.0.5 #1F %) BT AT FR ) AT IR A EE X B
I, FIH DNAsp 5.10 FA AL RS S0 a5
BRI 45 BE IR SR A% AL 2 K 1 (haplotype
diversity, Hy). #% 1R Z M (nucleotide diversity,
n). FY% A IR 22 7 45 2L k (mean pairwise differ-
ence) 5B E ZREESHL. FIH MEGA 6.06° LI4L
il (H. rufescens). #iv4 =8 (H. iris) HHMERE, #
3 AR (Neighbor-joining, NIT) F4) £ 48 £ 35 i) 4%
AR RS K ER . FIH Arlequin 3.5 FFP f
1T AMOVAP J5 2253 M1, 431 48 SU 4% BB AR (1] 35t
e S B0, >R F 23 A T8 52 45 % (Fy) A 1000 3
T ARG 50 5 1 SR T4k T T TR AR ) (1) 382 4% o AL
B FIH Popart 1.7 3R 4:C kit B A5 AU 25 14

R E K7 2: 2 E /) sponsored by China Society of Fisheries

2 4R

21 CO| EAFIERDITEEE SN

PCR F=¥&eaife . Wy . JPFIxt. sYE
53] 730 bp CO 1 BEHF 375, HTH5ER 6 1
B 259 AMERR) CcO T HFFH T, LB A |
T. C. Gk il & 28.56%. 31.05%. 23.60%.
16.79%. A+T Gk 3 &% /& 4 59.61%, C+G fig It %
i 40.39%, EAT IR A+T 0k A . ok,
KB A8 AR A, BIEAE R 6.6%.
Horp s — (5 B 134, T2 B A8 354
AR SR It , ORI R e . 4 A5G

T 259 ANAMA T, g CT 30 FhEpfE AL,
HRA S R4 R A Hap2. Hap3, 439 i A~ 1R B 8K
) 17.4%. 33.2%. Hap2. Hap3. Hap6 & 6 ™
A B4, Hap8. Hapll Jy DL BE A4S B
fi5 14 Hapl5 ky ZZ BERFEH A5, Hapl7~19
b NH 545 545, Hap20. Hap21 i DQ ¢4
f5 %1, Hap25~30 28 T BERFEA BA5 AL, T BE(AR
() A IR 2K B 22 (18 1Y), RC BEAR Y B 70
Kl (6 41N)o VALLBR . HrvG 26 SRR BER T A
K B RUAR ) NT RGER BRI 1, &5
WoR, PN 3L R 43 A 4E NI BB de R i, 30
AN BAAER Y2 AU NT W R4 00 32, AUREILES
HEVR Y AR5 R Hap2s a7 —37, T AR A
PR Y PR AR () AN R X N R . H
AR SRR LK 2, HS NI R ER ST
HFE A LSS, BRI B A1, AR s
R (Al HA B 22 5

B B 6 DNREIR Co T HE R Y 8L 2 ek
SRR 2, 6 ABEAR AR Hy (0.586~0.897), =
(0.0056~0.008 1) &bFHe =K, Horph T BHAR) Hy
(0.897+0.028) 5 7 (0.008 10.0008) ¥ 4 fir 1, NH
R Hy (0.586+0.093) ik, DL BE{A 7 (0.005 6+
0.0006) Fefik, SR AT 2R S m AT
iR 22 FEPE I EAE .

FER MBI LR Fo (E L3R 3, KR IR 1]
1) o A F8 Eak 2] T 2 MK F (P<0.05), {Y DL
5 TI A . DQ 5 NH #HAZ M1 Fy ARIAE| 2%
PEIK - (P>0.05), & B 4t K 22 B0 AR [B) 35 A7 7 35t
34k, RC BERS Higy 5 MRHARMMEIE BGE
H0.1665~0.3167; ik 3| w15 ik, Z2Z
5 TI Z AN 4 BEOR R v SRR BE e D B s AR g3k
(Fg: 0.0556~0.2039), H:4x BEAR 19 19 18] 17%) 35 44 4
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Fig. 1 Neighbor-joining phylogenetic tree of CO | haplotypes and their distribution in

6 populations of H. discus hannai

I AR EE 1 (Fg<0.05)0

1 AMOVA 7l 21, 5 6 MR ) o —
ASLHBEDEAT AT, BRI A ast A6 A 5 5 AR 57
1 12.05%, HFERN LS 5 (5 AR 519 87.95%,
T RALAS 5 EZORIE T RAAN , IF BB (A 35
1R BN B E K- (F=0.1205, P<0.01) (% 4).

22 Cyth EEFINER SIS EER SN

27 H e B U s R RE A 3] 730 bp 1)
Cyth BT P9 . 6 DRFIRS S fH IR AL T,
C. GH LB 51M 2027% ., 40.2%. 16.95%.
22.58%, A+T HBEUIR N 60.47%, CH+G 1) H B
FH 39.53%, A COT FEH AL, FBH B WY
AT Bl M. LR B 59 MR Sl Hihsp
—F B 214, FAE BN 384, AR
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RV R 4, TORIE i . 4 A S Bk .

SR 259 AR, JEREINE] T 32 A4S
f5AY, Hrp L3 %A% Hap2 . Hap3, J14 6 4
FERILAT, IR 518 16.21% ., 33.20%, H
5 7 Hap9. Hapl2 {{ 7€ DL #f 4K H 3 1,
Hap17~22 {7 NH #44& H Blad 17k, Hap23 {LFE
DQ FEA BT 1K, Hap27~32 {XAE TI REAA H 8L
T 1k H TIBEHARA i 2 1 sAE AL (19 1),
RC BRI /D B AR R (7 4. 3T Cyeb HEH
DLLT B 3 74 2% A SNSRI A ARG i) o5 A
PR NT RGN 3, 4 1) oA A% 750 o 2
KIDLIE 4, 45 58T coT 3N NIR
BSR4 A — B

BT 6 N LA Cyeb JEFF 540 Hr58 21
WAL Z RS RS, 6 MK EIAN Hy
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Fig.2 Network diagram of CO | haplotypes in H. discus hannai

®2 ET Ccol EEFYERLE 6 MEHAREERSHMIER

Tab.2 Genetic diversity indices of six populations in H. discus hannaibased on CO | gene sequence

PElk GERTEA AT AT ZFEE(HY) IR 2 HEE (o) T R 22 5 1R B (o)
opulation number of number of haplotype nucleotide mean pairwise
popu samples haplotypes diversity diversity difference

DL 50 11 0.728+0.047 0.005 6+0.000 6 4.049

77 45 12 0.841+0.042 0.007 8+0.0008 5.669

NH 36 9 0.586+0.093 0.0057+0.001 1 4.130

DQ 39 11 0.703+0.069 0.006 6+0.000 8 4.850

RC 39 6 0.603+0.084 0.006 1+0.0009 4.416

T 50 18 0.897+0.028 0.008 1+0.0008 5.887

®3 ET Co| ERWLEL 6 MEHIFBEMMLIBL F,
Tab.3 The F, value in six populations of H. discus hannaibased on CO | gene sequence

poflflﬁion DL 44 NH DQ RC T

DL

7z 0.0556"

NH 0.0434° 0.1522"

DQ 0.0511 0.1245™ —0.0111

RC 0.2817" 0.2039™ 03167 0.2794™

TJ 0.0171 0.0346™ 0.04517 0.0264 0.1665™

e FORFIEF R KT (P<0.05), “** IR F ik B %K T(P<0.01), "~
Notes: “*” indicates the F; reaches significant level at P<0.05; “**” indicates the F reaches significant level at P<0.01, the same below.

(0.605~0.909) F 7 (0.007 7~0.012 0)¥4 42k T %5 w5 7K
S Hod TYBEAR Hy, #2800 6 MR PR,
43514 0.909+0.028 . 0.0120+0.0010, RC B A

R E K7 2: 2 E /) sponsored by China Society of Fisheries

Hy 5 4% (0.605+0.084), DL BEARRY 7 i A% (0.0077
+0.0009). 5 CO 1 FEHFH g R —3, SR
LI AR R S R AT R 2 R R RRE
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R4 ET Cco EEFFRUEH 6 MEHEAD FLER S (AMOVA)
Tab.4 Analysis of molecular variance (AMOVA) of all 6 populations of H. discus hannai based on CO | gene sequence

5 5k e T ERAY ST % 5
source of variation dr sum of squares variance component percentage of variation fixation index
#{AE  among populations 5 84.03 0.334 12.05
B4R within populations 253 616.46 2.437 87.95
Bt total 258 700.49 2.771 0.1205
NJ B & population
NJ tree DL ZZ NH DQ RC TJ
69 Hap 25 2
—:Hap 31 1
Hap 6 23 1 5
50 Hap 32 2
Hap 10 1 1 2
Hap 5 1 2 1 2
Hap 15 1 1 1
69 Hap 17 1
Hap 2 12 17 2 2 3 6
Hap 4 2 3
Hap 9
——  Hap 20 1
Hap 3 22 5 22 21 3 13
94 ?Hap 18 1
55
81 Hap 19 1
—————Hap 12 1 2
81 Hap 19 1
98 Hap 21 1
70 Hap 14 3
51 Hap 16 1 2 2
79 Hap 23 1
Hap 13 1 2
99 61
Hap 26 2
Hap 24 24 4
86 [:Hap 1 5 302 1 3
66 Hap 28
64 Hap 22 1
%3 Hap 11 1 1
T'_T:Hap 7 1 38 1 2
64 Hap 8 1 4 2
Hap 27 1
H. rufescens
H. iris

3 HREEE Cyth EEFFIDEE NI RERRTE 6 MHATH 2
Fig. 3 Neighbor-joining phylogenetic tree of Cytb haplotypes and their distribution in 6 populations of H. discus hannai

P A IR] 1 43 TR P8 B0 Fo (T %0, BR T DL
5 NH. DQ, DQ 5 NH. TJ BHAN] 185 bk
IKF B AKOE 2 Ah (P>0.05), A TEMR ] (35 1%
IR IA B T K (P<0.05) (3¢ 6). RC 5 H:
fAER (B TT BEIARSD) [RIAGEHE BEE R 0.303 0~
0.3825, FIRF| T M s B BE k. ZZ 5 NH
BEIR . RC 5 TI BRS04 5003 51 0.1784.
0.1716, L% 1w EL k. ZZ 5 DL, NH,

https://www.china-fishery.cn

TJ 5 NH BRI 5346 75 B FL R 0,063 1~0.1323,
pragal [ RSB i £ A 03 S B e e B S 1
FEEE AL 1k

AMOVA SrHrgs L 7, 7 co 1 ZH 43,
B 6 ANFER B 8 S 51 [al— 2H BEDEA T 40 M
TR (B A5 AR S o AR S 1) 14.89%, RPN 1458
7 S b RS ) 85.11%, 45 I FE A s
AR A TR, BERIE] A 35 4% 1k 35 B i i
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- ! P @ RC
Hap 27 (0]
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Fig. 4 Network diagram of Cytb haplotypes in H. discus hannai
F=5 BT Cyh EEFFNHLE 6 NEEANIER Z MR
Tab.5 Genetic diversity indices in six populations of H. discus hannai based on Cytb gene sequence
PR FEmEU A B TR AT 2 REVE(H ) WH R % B () R R R AR (k)
opulation number of umber 0? hanlotynes haplotype nucleotide mean pairwise
pop samples plotyp diversity diversity difference
DL 50 12 0.748+0.049 0.007 7+0.0009 5.612
7z 45 11 0.826+0.045 0.0094+0.0012 6.889
NH 36 11 0.625+0.092 0.007 8+0.001 4 5.663
DQ 39 10 0.676+0.072 0.0094+0.001 6.839
RC 39 7 0.605+0.084 0.008 7+0.001 6.340
TJ 50 19 0.909+0.028 0.0120+0.001 8.729
R6 EHT Cyb EEFFIRLEE 6 NEEA BRI 7 ULIRE Fy
Tab. 6 The F, value of six populations in H. discus hannai based on Cytb gene sequence
R
population DL 77 NH DQ RC TJ
DL
77 0.0631°
NH 0.0332 0.1784"
DQ 0.0332 0.1323" —0.0015
RC 03524 0.30307 0.3825™ 0.3066™
TJ 0.0335" 0.0446" 0.0734” 0.0282 0.1716™
FIKF (Fy=0.1489, P<0.01), Cytb 5 R J¥ 4] 43 B 15 B 19 382 1% 2 FF 1 2 50

COlZEMWFE, INHXREHT Cyb FEALHERE R
T8, X5 M (Ommastrephes bartramii)!'™ |
LS4, (Cheilinus undulatus)™ . It 5 BEEF (Megany-
ctiphanes norvegica)®® ST N 45 R — 2. 6 P HE
PR S B0 B = A R eV S L R 2 HE
PERYRFE . Grant 557 A Ry 3 72 P OM BF A4 Hy K
T E RORER L, A B I Iy s sl B
[Fi) 352 4% 15 5 AR U s 1Y, ABESTIA N

EEAH LT 2N S8 OBLRHE LS 1
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®7 BT Cytb EEFFRLEH 6 NEEE T FER T (AMOVA)
Tab.7 Analysis of molecular variance (AMOVA) of all the 6 populations of H. discus hannai based on Cytb gene sequence

A BRI H i ST R AR RT 7 /% [ 7 15 %
source of variation dr sum of squares variance component percentage of variation fixation index
AEARIE]  among populations 5 143.63 0.589 14.89
HEAN  within populations 253 852.44 3.369 85.11
St total 258 996.07 3.958 0.1489

IKBERC. KE . W SR LK R IL oK
R A L, TG shae s, MELLFE A S
BIIRE T -5 oAl b B (Y PR A T S A i . T
iy e 2 T £5'€ A L LB IE L S WY, 34 A S N4
A, AR g Atz 0y 3R 5 B B AE A b B e
I, UM TIHRENELCCABER T, X
B G A SCER N G T 48 230 2 AN () A AR () 118 S TR
U, HA AR 15 1L 2 FEPE 8 BCER AL F 8 R K
Vo QLRI HI B R SR ), D4R
T HABEE N RE ST, 53 AN S B AR IS
AIXTEE (3 4F), X LR nT REXTHIEMAR A Pk A= 4 |
B ORAE . 4ERE F B S R R 2 AR E R
—EMERP, ik, FOHUBE R b B g 5 3K 1 4%
SUEL )AL S5 R B R R, iz
Fhisi A% Z REMEFR BB =, AH N A3 1 fiE 07 45 3]
FEAMEBHR, XS B R A T & A LA R A
=Y,

HENOUT, BPA BRI RS (E Z MR
o m FARMAEAR, 1 DQ 1R M ur A Bk, Hoist
& Z2 FF 45 B A B 37 8 BE ARG . mn A 7E R
RAPD. AFLP tric B ARHATAHICHEFE T, 3
T IR R AL R TR A BRI AL, 1
W2l F A TERE A — o B B R IR 2l 42
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Effects of southern culture pattern on population genetic structure of
Haliotis discus hannai based on mitochondrial CO [ and Cytb gene sequences

WU Zhou '?, ZHOU Liging*, CHI Changfeng', WU Biao’, SUN Xiujun >,
LIU Zhihong>, ZHAODan?>, YU Tao’, ZHENG Yanxin’

(1. National and Provincial Joint Laboratory of Exploration and Utilization of Marine Aquatic Genetic Resources,
National Engineering Research Center of Marine Facilities Aquaculture, Zhejiang Ocean University, Zhoushan 316022, China;
2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs,

Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China,

3. Changdao Enhancement and Experiment Station, Chinese Academy of Fishery Sciences, Yantai 265800, China)

Abstract: Pacific abalone (Haliotis discus hannai) is an important marine shellfish in China, which is naturally
distributed in the coastal areas of Shandong Peninsula and Liaodong Peninsula, and has high economic and nutri-
tional value. Since the 1990s, with the extensive application of hybridization technology, the cultivation industry of
H. discus hannai has gradually moved from northern to southern China and developed rapidly. In 2019, the pro-
duction of H. discus hannai and its hybrid offsprings in China has reached 180 000 tons. However, the process of
artificial breeding and selection may reduce the genetic diversity index of species, change the genetic structure, or
even cause genetic differentiation of populations. In order to explore the possible effects of cultivation patterns on
the genetic structure of Pacific abalone in China in the last 30 years, 259 individuals were collected from Dalian
(DL), Rongcheng (RC), Zhangzhou (ZZ), Tuoji Island (TJ), Daqin Island (DQ), and Nanhuangcheng Island (NH) ,
the last three island belonging to the Changshan Archipelago of China. The mitochondrial cytochrome C oxidase
subunit (CO 1) gene and cytochrome B (Cytb) gene sequences were amplified by polymerase chain reaction
(PCR) and sequenced on an automatic sequencer by using forward and reverse primers. Bioedit 7.0.5, DNAsp
5.10, MEGA 6.06 and Arlequin 3.5 software were used for sequence analysis. After sequence matching and shear-
ing, 730 bp fragment length of CO I and Cytb genes were obtained. The results showed that 48 mutation sites and
30 haplotypes were detected in the 730 bp CO I sequence of 259 individuals; the haplotype diversity of the 6 pop-
ulations ranged from 0.586 to 0.897, and the nucleotide diversity was 0.0056-0.008 1; 59 mutation sites and 32
haplotypes were detected in the 730 bp Cytb sequence of 259 individuals. The haplotype diversity ranged from
0.605 to 0.909 and the nucleotide diversity was 0.0077-0.0120 in the 6 populations. The results of Fy and
AMOVA among populations based on CO I and Cytb genes showed that there was significant genetic differenti-
ation between most populations, and the genetic variation mainly existed between individuals but within popula-
tions. The current cultivation mode of H. discus hannai enhanced the gene exchange between different popula-
tions, and the secondary contact of populations with different genetic backgrounds resulted in high haplotype
diversity and nucleotide diversity in all 6 populations. Different breeding standards in different breeding popula-
tions may be an important reason for the significant genetic differentiation. The evaluation of genetic resources of
six Haliotis discus hannai populations in the northern and southern China coasts conducted in this paper provides a
scientific basis for the rational utilization of the resources in China and the influence of breeding modes on genetic

structure.
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