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G, WET 44 =FPCRIKR, MAEH 4 MFARQL, 92, 23 F194), 104 HFHRK 19 MrE XA
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&, 2009), sl P BT SE , 2R BE i A2 AN
i, BN T O R RRE, BAT Wk
JEHT S SR, T TN R AWIE K, Xk
W )7 iR BE AN BTG O, (A AR BRI R o
XA AT A N TSR EAE AT o ACHETR S R R
FAAT M E ], BT S AR AR L S LRI AE R
i&(Hanlon et al, 1996) . 32 B 47 A 2 58 5 Ay S8 I Y
N TEF K Fh B i pe 4 s 2y s al vk, B

XEHS  2095-9869(2018)03-0152-06

B, AR AT E . WISBMEHs . #eEfrh.
BRI . BAE ZREE L A ML 5 R TR
LW (R4, 2015; Yang et al, 2011; F 44,
2017; BEFRSE, 2015; 5K e b4 4%, 2009; 5 P45,
2015), ZHHAT A ISR B S, HA K #E7(2002)
FE DZAFEQ010)% k4T TRIL 5,

TF 53 Bl 1) 52 T A 2 e VL A4 0k S S i L8
AR 36 M 5 1 K A sh i 3 B R . T L, g
P ZEALRATHIFARE L EZHKE LT, HOE M
Ragshyy, HIGRh A2 IS, 2
IR B ERARME W . S DR AR, MR PR
52 J¥%](Simple sequence repeats, SSR)HA I B | &
ANk ERSTE ORI PRGH SRR, R ERAR SR AL

* BURAO ML AR R L T 5 4 (CARS-49) . INARA LT P 4FRL 2 BT AL il 2 6 10 H (BS2014NY010) Fl Ll AR 44
A TR E (2015GNC110017)3L [R] % B[ This work was supported by China Agriculture Research System (CARS-49);
Research Award Fund for Outstanding Young Scientist of Shandong Province(BS2014NY010), and Shandong Provincial Primary
Research and Development Projects (2015GNC110017)]. XI3CZ%, E-mail: Iwf861026556@163.com

OBEIRMEH . DHB, E-mail: fywzxm1228@163.com; 4, HIFEH, E-mail: ladderup@163.com

W B #: 2017-04-26, Wi eds H #1: 2017-05-23



%31

XSCIFEE: FW R TR Z 8 PCR /R R gy J AR B2 40 153

U5 5 A7 10 (Buresch et al, 2001; Z5fE9L4%, 2014;
45, 2017), M TP EZLE PCR Al 7E[R] — KM {4
F RIS, BES PCR AR HRL.
BAA AT A R0k 0§ L PR R B A (P v B 2 (%
4, 2013; ZRTAE, 2016).

AHFFE R SL B = IF & i DR AR, 28
P R SELE LR BOR/INE 7 s A TR L
P TR 28 PCR AR, XG4 R 2E 17
AT, BT H A Fe A, Ay i I 0 o 9
TR RN TEF R 2K FI e T8

1 MREH®
1.1 ##

S T SRR S A IR EE T 2015 AR RETFILAR
BRI 5T 58 A 5 S H o 4 B A e M
W T B IR, RRLACHD P U0 S M AR FE T, B
19 ANHERS (45 S 1~3 19 B 4 2L F oK S B,
20CHRAF# H o SZREIN MRS 40 d PP ONIEIL S, 3R
e g A, BEPLZERC 4 A BERS (G5 Q 1~Q4) SO R
L 3L 104 MEAERH
12 A&

1.2.1 423 A F 40 DNA #9325 feta ] ] CTAB
% (Winnepenninckx et al, 1993)4ifi#2 DNA, F 30 ul 1x
TE Buffer(pH=8.0)7% i, F 1% HHEE R B JK G I
FL R 41 DNA 522, Thermo Scientific NanoDrop™
OneC M Uit 543 e EEE T E DNA Y B R4l i
¥ DNA W 2 50 ng/ul, —20CIR-AEEH .

122 #MIEE %% PCR #ikitAfetiit W=y
TER M T RRCH, MRAEY 1 SR R . e K
ZAMEH 12 M CRER), 4518 DS140,
DS135, DS226, DS94, DS150, DS35, DS16, DS132,
DS290, DS157, DS169, DS271. #k#E4&{i 5 PCR
IR JGRIE | O EHK/NER | R AR R R A
W B ) AR B A AN, PRBES | 51 1)
AT, A BRKEARES iR R BT 7
M ZE PCR, HICHAT I S AR, 72—
1 PCR AL L AW B 5 | vk BE A i 2 PCR.,

FIFHESL M ZHE PCR 51X 19 AMEEACA |
4 ABEAR R 104 A4 AR ey g, 2 H
PCR W AR R K 10 pl, A1FE4EH DNA 1.0 pl (50 ng),
10 x PCR buffer(Mg*" plus) 1.0 pl, 2.5 mmol/L dNTPs
1.0 ul, 10 pmol/L 1EZ5[#3L 2.0 ul, 5 U/ul Tag DNA
B4 0.05 ul, ddH,0 4.9 5ul, PCR W FEFE A 94°C

A 5 ming 94°C7ZEYE 45 s, B KIREE 45 s, 72°C
JEfH 45 s, P 35K BJn, 72°CHEfH 6 min; 4°C
PRAF . 3=t 8% 1A AR A5 1k 38 VA s IBE i o5 e v
UK, SRS A, T Bio-5000 plus HEL UK AN R AR AE
L 10 bp DNA Marker A ZHFrUEXT B B4 H132E
123 HKE%IT o4 ] CERVUS 3.0 #1731
YESHT, BARTH, BARSERE HHEELA 19,
B FARECR 10000, SEAKGIAE 100%, 5312
1%, AT 100%, 95% 515 X 6],

2 #HR
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12 M S A AR5 8] 4 41— PCR, —
# PCR ARSI s A . EEHRIT., WILTH .
FEYIR/IN . IR KREETE LR 1, Ho, 3 AP
1 DS169., DS152, DS271 A9 £ & PCR 7E 15 T
AR Y AR ILE 1, B 1 3 AR Y
FBRBEAES, feE M X 3G 80 5 4,
AT R DAL E PCR AR AT J T 354
Y TE T o

22 EHEREERX S

FIH 4 21 = PCR K&, fliH] CERVUS 3.0 X}
4AHREAR 104 D TARSL 19 Mg XA AT R 2
FE TSR AR HERR S5 A e R I T RE SR AR . T4
RUF : 104 DNFAREEE F N 94.23%(98/104), 91 41
YA 12 MARLEE BICAR(12/14), KA NI2, 37
3165 Q2 HLNWA 40 NAARKE I F] LA (40/41),
LAHF T4, H32. 33, 6. 37, 310, 12 HJ315;
Q3 UURIQ4 Loy B E 19, 27 DLl Mk (19/21
27/28), XAGHHR32, 33 Fd2. 43, 37, 410,
FHFERCE P L RIE 2,

3 itig

T HAE AL DL PCR 0P8,
T — B FA . £ PCR FERL LA il
BTl LA R i ] BUAS R T AR, ] DIAE
PCR #AE i 2 Hst /N A K 1% 2% (Porta et al, 2006),
FESTHT KSR A S, £ 8 PCR HARM LT M
B, 20 142 80 4E4Y, Chamberlain 5(1988) 5 k2%
T 25 PCR e witix, HHl, £&E PCR Y KR
) Z N T — 2K = s 0 R B RE | A 2R
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Tab.1 Characteristics of four microsatellite multiplex PCRs in A. fangsiao
‘ B B K :
ZMPCR e g 51401751 KEE BRI g,
Multiplex Locus Repeat motif Pri 5'~3' Anncaling Concentration Size (bp)
PCR P rimer sequence ( ) temperature (°C) (umol/L) P
Multiplex ~ DS140 (CCT)5 F: TCTTGCCACAGTTACTACATT 50 0.4 134~144
setl R: TTTGCTTGAGCCTATGAGT
DS226 (TCC)6(TCC) F: GATGGTTGCTGTATGTGCTGC 0.3 187~211
5(TCC)5 R: GGGGGTGTTCCAATGTCTTC
DS135 (TAC)7 F: CCTGTCTGGCGACTATTG 03 258~286
R: GGTTTCTGTTGCTACTTCG
Multiplex DS94 (AAC)11 F: ACCATACGGATACCCTCAT 51 0.35 196~228
set2 R: GGTCGCTACTAGCTGTAACTT
DS150 (AC)13 F: GGACAGACTCTTTAGGCATT 0.35 152~192
R: CTCCCAACTGAACTCAACTC
DS35 (AC)10(CA) F: ACCCCACTCCATTCACAT 0.3 294~324
5(AT)5 R: TCTTTTCTTTACTTTCCTTCCT
Multiplex  DS16 (AC)5 F: TCAAACGCCACTTCACTC 52 0.4 255~269
set3 R: ATTCAGAAGTCCCTTTAGCA
DS132 (GT)7 F: ACGGACAATGGCGTTTAC 0.3 160~178
R: GGATTTGGGACATAGAAGAA
DS290 (TG)13 F: ATTGCCACATAACCAAGGAT 0.3 182~198
R: AAGCAGCGGAGAAAGGAG
Multiplex ~ DS152 (GAT)5 F: GACAGCAATGACCGATAGG 53 0.3 172~214
set4 R: TGTGAGTCCAACACCCAGT
DS169 (AGT)5 F: GTATTGAGCGATAGAGGCG 0.4 130~151
R: ATCTAACTTCGGGATGGGTA
DS271 (GA)17 F: ACATTCGGTGAGCAGGTG 0.3 252284
R: GGTCGGGTTCAATTTTAGTA

i

“1

W FE KR E, 76 PCR Al F k4T =3 PCR
SRS, HES AT EWRE BIX 4y, MR A
A FIFHMHY 4 41 =8 PCRIKZ, 104 D04 &
RIRF] 94.23%(98/104), WUIRE . HIREMH, &
TR B AER KR DR E R R R L EM
gER . TR T RALENM D EmCEERBK, £
AR, DR B ) R FIE A R B S (Jerry et al,
2004) . ASAIFY R BN 2 R T2 BRIC DL R 2 e

K1 34 TEN A DS169. DS152 1 DS271 ##EAY £
i PCR 76 7R b o4 1 45
Fig.1 The partial amplification results of multiplex PCR
consist of three microsatellites DS169, DS152, and
DS271 in offsprings of A. fangsiao

M: DNA marker; 1~4: Q1 1) 4 4~F14%
(Four offsprings of @1 group)

2014). M1k fj(Megalobrama amblycephala)(% {4,
2013) . K411 (Crassostrea gigas)(Z8 1~ F-45, 2015)%
HIE Y Z & PCR ZERTE[R]— RV AR R 5E A7 1
R Sy e, JfdE— PCR MM G, BE4Fxt
=y, RERBLEA T, M Rk R
FR N S (BRI 25, 2005), ASBF9E EZARALE 1Y)

LA M A B T 4T T i K sh W B AR
ZHEAT R, BRI TR | WM BHEF M AN
TS 2 A R B S (B 5 38 B A
FEE BT T 3R, High 1 5 32 4h
FEEAERE W, WA 2 A MEPRIC B AR AE A E T 1)
N, A AR B AR 5T B2 IR A B GOUL, &5 51
HEAHEPE, Stanback %5(2002)F /) P& DNA #rk
ICHFST B 19 (Tockus monteiri) S L=, & Ik Z %k
R R, AR LS SR PR R . Buresch 4%
(2001 T A FRic X S (Loligo pealeii) Bl Hf i
7500, UESE T A B 0h — e 2 I AC B . AT
FIUHMER M DR ZE PCR KRN 4 4% M 354
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Tab.2 The paternity results of the four group of offsprings in A. fangsiao

g TIVE BSERTARC BERAR REROAK S I 2 SO SO AR
I Number of Number of Number of Number of Identified fathers and the number of their offspring
Group . S . - . .
offspring offspring identified candidate males male identified 7, 33 36 47 &10 d12 215 416
Q1 14 12 19 3 10 1 1
Q2 41 40 19 7 25 1 1 5 3 4 1
Q3 21 19 19 2 18 1
Q4 28 27 19 4 21 1 4 1
TFRORE R T A SRR, 4 SRR AR 5 2 % W
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Development of Microsatellite Multiplex PCR Setsand Its Application
in the Reproduction M odel Analysis of Amphioctopus fangsiao

LIU Wenfen'?, FENG Yanwei>", WANG Weijun’, CHEN Jiangiang’, YANG Jianmin®"

(1. National Demonstration Center for Experimental Fisheries Science Education; Shanghai Collaborative Innovation for Aquatic
Animal Genetics and Breeding; Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of
Education; Shanghai Ocean University, Shanghai 201306; 2. Shandong Marine Resource and Environment Research Institute,
Shandong Provincial Key Laboratory of Marine Ecological Restoration, Yantai  264006)

Abstract Amphioctopus fangsiao, a synonym of Octopus ocellatus in China, is one of the most
important economic species in the northern coast of China. Owing to overfishing and ever-increasing
market demand, the wild resources of A. fangsiao are decreasing significantly, and therefore artificial
breeding is imperative. The present study on the reproduction model of A. fangsiao would provide basic
data for artificial breeding and germplasm conservation of the species. In the present study, 4 groups of
triplex PCR sets were established using 12 high polymorphic microsatellite markers developed in our
laboratory. Through the identification of paternity of 4 female parents (91, 92, 23, and 94), 104
offspring and 19 candidate male parents of the reproduction model A. fangsiao were analyzed. The results
showed that the four groups of microsatellite multiplex PCR sets worked effectively in the paternity
relationship analysis, and the identification rate of 104 offspring was 94.23%. Twelve offspring and 3
males were identified in @1 group, and the number of offspring and males identified in the groups 92, 93,
and 94 were 40 and 7; 19 and 2; and 27 and 4, respectively, and 32, 33, 37, and 310 mate with two or
more females, which indicates that A. fangsiao is polygynandry. Polygynandry is an adaptive mechanism
by aquatic animals to environmental changes and human fishing pressure. It can effectively improve the
genetic diversity of alleles and bring about genetic variation among offspring. In addition, polyandry plays
a positive role in maintaining the stability of the population structure of A. fangsiao, and in improving the
reproductive efficiency and offspring quality. The offspring from four groups assigned to 32 were as high
as 71.43% (10/14), 60.98% (25/41), 85.71% (18/21), and 75% (21/28), respectively, which was higher
than that assigned to the other male parents. This indicates that most of the sperm involved in fertilization
were from 32; thus, 32 takes advantage of sperm competition and cryptic female choice. The present
study provides important data for artificial breeding and proliferation, and also for the release of
A. fangsiao.

Key words Amphioctopus fangsiao; Microsatellite multiplex PCR; Paternity
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