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1.1 ##

SE Y PR 2 AR A SRR B SR A
[l UCEAI S 2R A BT R AG, BEHLE ] — 5%
S 8 H k2 60 Sk, MG S, IR R KA
HAE R B, HIIL, R RAT
1.2 KBHE

ARABEREE  HTAFERNTHZS
IR AR 2 57 LR, S O U I 508l 1) A 28 P A
—Ehk, A 2R 10 S8 JR T 80 em x
45 cm x 60 cm JEEEHL A, 7E IO H AR i AR
TSR BER 2R OAK S K 10
i (S A1 BT DR 9 7K ) i, LA K B 4R B
KRR, MERSRE,

A H4 DNA 69428 fiIZ N1 100 mg,
BADTE , A 700 mL CTAB 4 B2z thii (100
mmol/L Tris-HCI pH 8. 0,20 mmol/L EDTA-Na,,
1.4 mol/L NaCl,2% CTAB,0.1% B — #iF& L 1)

FILZHR P 100 pg/mL & R K,55 CIH{L 3 h
5 37 b, AR A0 (W &7 =1:1) (&
e, —ARHATC BEDUNE , TE %5, 525153 6t
e, —20 C RER

WME 25| eyt Ak SLRAITAM D
5 Y F 5k A fil 2 5wk R K&
GeneBank |2 EST J341| i 16 FIr 15 il T2 2 7 A 1%
H B IE A T AR EOR A R AR, i
10 X BT T RS (k1) .

# T 2 DNA &) ¥ 3% P 60 Sk S AR I
(K2 DNA St , 41> PCR 2K &R SRR
25 pL, HAi 5 2 100 ng fY5E A 4] DNA, 10 pmol
BI514%7,2. 5 wmol MgCl,,0.2 wmol dNTP, Tag
DNA %401 U, PCR [ 45140 :94 CHiASE
4 min,94 CARYE 40 s, #2555 51 9 (1038 KR I
N 40 5,72 CIEMR 40 5,30 MEH; 2 )5 72 T 10
min,4 CLRiE. PCR =4 1% 35t JIg A58 i vk
XTEIHAT 33 s | X Ak 8% (W/ V) N
5 TOE P8 M PR UK I R AR 4 A D HE 22 25k

®1 RSEEMIESI MBI ETRFIIK PCR R &4
Tab.1 Microsatellite loci, primer sequence and conditions of PCR in A. japonicus
fisfi  GeneBank %515 RLEMIFS  PHBKIE(bp) BIHIFR(5'3") B JCHRIE(T)
locus GeneBank accession no.  core sequence fragment length primer sequences(5'—3") annealing temperature
AjSSRO1 AB106631 (ca); 286 ACTAAAAAGTCATGGACACCC 53
AATCATAGCCCATTTTTCTGT
AjSSR02 AB106637 (ca) -+ (at), 305 GCAGGAGGATCTAAAATACAT 53
ATCGAACACAACACACTTATC
AjSSR03 AB106628 (ca)y 398 CAAACGCATACAATTACACA 54
CGATCGATAGTCCTCAATC
AjSSR04 AB106638 (ca)y 322 GCTGAAGGCAAAAGGAATCT 52
GTAGCAAATGTGGCAAGGAT
AjSSRO5 GH550573 (gat), 305 GTTGTAGGGTTGTTTGAC 55
AACCACTGCCACAAATCG
AjSSR06 GH550563 (gtat) |4 315 CCAGCCTTGCATGTACTGC 55
TGGTCTGACCTTCCCTTCT
AjSSR0O7 GO270691 (tat), 279 TTGGTGCCCTGCGGACATA 55
TCGCTCCGTGCCACAAACA
AjSSR08 F1863049 (gat) 1, 231 CTGAGGCACGGTGTCTTT 53
ACTCCTGTCCTGGGCAAT
AjSSR09 F1863087 (ta) g+ (ta), 340 AGTTTCAAGTAGAGGCAATG 53
GTTCGGACTGACATTTGG
AjSSR10 FJ863053 (at) g 245 GCCAGAGTTTCTACAGGG 54
GGCAATACGGCACAGTTA
BRI E A BRI DALY R AR R HAE A R AN ], I

DNA F Bef i i i) — > 3 (o 5 R b L

BIRARIE LN A B.C -2, A REEREA
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JEPN Y, H] Popgen32 11345 si A 60 A4
SR FE N (a) A EE LI B (ae) (3G
& (PIC) MM & (H,) B IRG
(H,) Hardy-weinberg it {4 {ii #4540 (d)
RS E AR SISk Vi
a, = 1/2})?
A, p NS | A FAEE IR
ARG R E
PIC =1 - ipf - E i2pfp_f =
i=1

i=1j=i+l

k-1 k
2 ;j;lpipj( 1 -pp)

Kk HSEAIERECE L p A p a3 B E § R
AL FE R AR

SR ZR G UG - H, = MBI 22 A 1K
S AR 3 A B

WG H, =1 - Y pl

e & (F,) :F,=1-(H/H,) .

12 3 4 5 6 7

LRSS R SPSS HAEXT LR
BAEHAT G o3, W — R AR T (GLM) 1
TR 2 A A AR S 0 TR A A A8 ST A T I
INTFII AT AN R BRI i R T 2 ) A e R AR
PRZE S RE VAT B O AT 2 B (LSD)
PSR EE N R . R v, =p +a; +e;
LRI N, AT BN G . byl
FEPRARES § AARICER J AR 0 IR 50 Ry S5
LI FTAT PR P S RIS ARSI MED) 50,092 i
AFRICHIBLI AR ; €, I BERLIR ZE .

2 4k

2.1 #|5 DNA HJ1REX

IS FEH 4] DNA $EIGH 73> 4 FL Uk 45 R 2
1) BE PR A 4% 71 T B G 46 8 I A 1 O
OD,;)/OD,,, I LLAEIITE 1.6 ~ 1.9 AR A&
FIF AT RNA 5 3y $2 ) 3 P 41 DNA i 2 44
4t ,3&F PCR ),

8 9 10 11 12 13 14 15 16 17 18 19 20 M

2 000 bp
1000 bp

500 bp
250 bp

B1 #aRSAEEEZA DNA

Fig.1 Genome DNA of some individuals of A. japonicus

2.2 PCRyBERREVURAEETER

i 10 X DR 56 RIS B 60 kAN
AT T PCR 314, Horfr SSR10 7 s Ay ol T8 A2 A il
FIREILIE 2, 10 X5 1H17E 60 Sk AR rp R 5
MZAME(FR2) , HGR1G T 50 AR A
JEARAR I S SR 3 3 7 AN R4, SSRO2 FI
SSRO7 52 , B 7 A~ B34 5. 000 0
ANEENT LA, - B AR BN 3445 5,
S & AN A A5 B T G A5 A L B (nall
allele ) G2, 3k FivIF 50 76 A< 552 95 48 1143 B Hh 4 BR
AR A A B, 10 AT A
P ZBEE RN 0.268 0 ~0.825 6 N4,
W Z G BE B/ IMELA SSRO7 3 83/ 0. 083 3, f
FCRRI 24 45 5 Sk SSR10 37 511 0. 666 7, Wil 42

A REE N T RIS B E o ROV G Tk Z il
[ E A5 B R, BRALEL SSROT Z 41, HoAtfir
IR G TR A
2.3 WMIBEMSEEERBEXSH

HI I SPSS Hff g AR (GLM) Xt
60 3k 8 A RIS AR E A AR R RAT 10 Xf
L EARICHEAT AT (R 4) 76 10 AR TLA
{7 55, AjSSRO2 | AjSSR0O4 . AjSSR09 5 1A H | {4
KEA BHMK (P <0.05), AjSSR06 {17 515
R F (P <0.05) , %22 57 35 A bric ik
AR R R A A RV 2 . T —
LAV g L LU PR R Y B, s o M (L A
KBRS A o BRI N BURE A /D 4 OI
SAEABHEIE
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TERC LR AJSSRO2 | ,60 Sk fAKG I 5]
9 ANIEATY, H A LN T AC MBI/ T4 & 2%
J3H L H B AB AD  CD AR 5 S {8 2% &
FHAd L RIS AS A [a] o AR K o R T oA ik [
T, FEFRIC AjSSRO4 H A SE LB Y A 19K
T AA T AC R KA EE 1 2 25 o oA 2 [ Y
AR AT DA S FE AT AR A B AA I R A
KAIRA EE IR {78 AjSSRO6 J [ 7
FF 7R A 55 H A A BE RS (A 25 25 52, (5

A AR AT B 25 25 5 . 7ERCILA
fird AJSSRO9, B X AE/INT 4 ML T KA
AA AB fll BB =LA AA St R AU E 1 fE
BROR, HLA AP A ] T 22 53 1 35 s BB R 7Y
RE S {ER /D, A5 AL PTI98 5 2. 3%, AB
e PR S o Bl T DU S5 (2 56 N A SRR IE
AR AEA7 HE M B IEAFAH I . AA SEN TR K1Y
{65 BB ZENARUA R IIEZ W HA 52257

12 34567 89 1011121314151617 18 1920 2122 23 24 25 26 27 2829 30

31 3233 343536 37 38 39 40 41 42 43 44 45 46 47 48 49 50 515253 54 55 56 57 58 59 60

2 60 MFISAE SSRI0 fif s B T E 4G T B i

Fig.2 Demonstration of microsatellite locus amplified by primer SSR10 in

60 individuals of A. japonicus

R2 60 MRS 10 MEDIEMRHEESE
Tab.2 Genetic diversity parameters at the 10 microsatellite loci in
60 individuals of A. japonicus

AR IR HL

EZSI)sNe

e et s pUNII PRty WA B A%
" S RE R (ae) (PIC)
@'fﬁ . . (Ho) (He) (Fis)
(a) effective polymorphic )
loucs . . observed expected fixation
allele numbers information b . b . nd
of allele content eterozy gosity eterozy gosity index
AjSSRO1 5 3.5277 0.678 7 0.283 3 0.722 5 0.604 6
AjSSR02 7 6.040 3 0.8256 0.366 7 0.841 5 0.560 6
AjSSRO3 4 3.0730 0.658 7 0.566 7 0.680 3 0.160 0
AjSSRO4 4 3.740 3 0.702 8 0.300 0 0.738 8 0.590 5
AjSSRO5 4 1.369 1 0.268 0 0.283 3 0.271 8 -0.051 0
AjSSR06 7 5.787 8 0.819 4 0.350 0 0.834 2 0.576 9
AjSSRO7 4 2.470 8 0.544 7 0.083 3 0.600 3 0.860 0
AjSSR08 5 3.456 6 0.685 6 0.450 0 0.716 7 0.366 8
AjSSR09 4 2.207 2 0.445 1 0.300 0 0.551 5 0.451 5
AjSSR10 6 3.7657 0.724 4 0.6066 7 0.740 6 0.092 3
S35 {H mean 5.00 3.445 5 0.6353 0.365 0 0.669 8 0.421 2
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Tab.3 Multiple comparisons of body weight and length in 10 microsatellite loci

. AMREL N AMAREL
JEAS, R M ({3 JEAL LR L (S
loucs genotype .nur.nl?er of body weight body length loucs genotype .nur.nl?er of body weight body length
individuals individuals
AjSSRO1 BB 13 8.90 +3.32 5.28+1.15 || AjSSR06 AA 5 11.85+1.77a  6.04£1.77
cc 16 11.06 +4. 71 6.49 +1.84 AB 7 10.93 +1.71*  6.81 £2.62
BD 4 10.68 +4.22 5.67 +2.21 cC 9 11.79 £1.54*  7.27+2.08
DD 14 13.83 £1.73 6.40 £1.49 DD 6 13.85 £2.79®°  6.08 £2.04
AjSSR02 AB 4 24.40 +3.64°  8.30 +1.54° EE 10 7.72£1.75*  5.11£1.60
BB 6 13.37 £1.03™  7.35x1.96" FF 6 15.84 £2.64°  7.27£2.08
cc 8 7.78 £1.60°  4.98 £1.01° BC 4 3.97 +1.44%  6.63+1.84
AD 5 17.11 £2.39%¢ 7,98 £0.85° CE 10 10.65 +2.85° 5.38 +1.94
CD 4 20.04 +4.21¢  8.40 +2.12° || AjSSRO7 AA 7 13.20 £2.52 7.31£1.36
DD 8 10.75 2,75 5.98 +1.54%° BB 15 13.48 +2.47 7.11 +1.40
BE 7 4.91 £1.43*  4.28 £0.57° BC 5 10.04 £1.80 6.36 +1.92
EE 6 5.45 £4.78"  4.45 £2.48° cC 33 7.97 £2.24 5.30 +1.52
EF 7 5.12+1.39°  4.62 £0.39* || AjSSR08 AB 5 17.93 £2.46 7.10 +1.34
AjSSR03 AA 6 8.93+1.26 5.97 £1.03 BD 12 6.39 £1.69 5.84+1.55
AB 8 7.25+2.07 6.44 +0.75 ccC 5 12.63 +1.43 6.86+1.26
AC 14 10.61 =1.97 5.98 +1.68 DD 10 12.34 +2.16 6.36 £1.49
cc 17 12.75+1.89 6.88 +1.64 DE 8 13.17 +2.44 7.07+1.71
AD 4 13.60 £2.63 5.90 £1.21 EE 18 8.85+1.62 5.46 £1.06
CD 5 11.12 £1.53 7.36 £1.33 || AjSSR09 AA 19 15.92 £3.56*  7.13 £1.93°
AjSSRO4 AA 9 17.25 £2.22° 7,90 £0.91° AB 23 7.93£2.96°  5.87 x0.64"
BB 7 12.78 £2.84®  5.83 +1.51*® BB 12 4.18 +1.43%  4.29+1.01*
AC 4 16.93 £1.93>  7.08£1.02° || AjSSR10 AA 10 11.30 £1.87 7.38£2.21
BC 9 9.22+1.73%®  5.99 +].28% AE 9 9.48 +1.16 6.24 +1.45
cc 17 9.59 +2.52%®  5.78 £1.07% BE 20 6.28 £2.06 5.06 £1.26
CD 5 4.82+1.58*  3.22+0.92% CE 6 15.41 £1.16 6.20 £1.18
DD 9 11.91 £3.10®  5.98 £1.08* EE 5 13.63 £2.32 6.88 +£0.92
AjSSRO5 AA 43 10.06 £2.01 6.59 +1.22
AC 7 7.63 £1.59 5.80 £1.03
AD 7 14.06 =1.52 7.46 +2.05
3 Wi QTL SiFicH " ot F o —frid ik A
e ST 4 T4 4 B, DR T 2 2
3.1 ShAE e Z 3545 B3 I K 7 Sl v e 54 i S e

FEFHRICHY 58 7 12 ( marker-based analysis,
MBA) " QTL 7 i i) 3 By ik ik 48, S 4t
Fric s QTL #:81, ixbric 5 QTL 7 — & B
I3 R IR IO L R R I R AU AL 25 57, AT i
Fhze s, BUel AR iC S QTL AYIEBIC R, #i E
B PRI R A e (B 0K 1 7 E, AT SC B AR Y
FIFEH B EFEF RS E . MBA JiikiE A =
KRBT A0 o, PR — ARAC [ U 9k A
AR = QTL [l (K EER E 5 X EER) . #
BRic o il e i 5 07 22 0 103 A B ALAK
PR SS , LLAN () A 1 256 PR U 5o P R 34 B ) 25
o QAR 22 5, DU U50 W] 42 o 2 B8 i 1R AR 1Y

ARKHR I TAL AR IC B B B J5 1%, 2 2 Aoy
THRICH AL 5 B 7 A7 R L A
Z—
3.2 WIEMHRCEEZFHER

AP A R S 2 R TR
Motk o 5 B PEARAN R, B PR 2 223 P s
LSRR A%, HL5) 52 R BT, 2 B 18 2R
5o P RCEIRAR R RMUR T ARG R B L
R i AR MR A 25 AR D — > (A
T BB W ST F R 10 45 AN L R A
S BB AR RRIC , 18 FHGE T2 T Bk 72 i £
EIERIZAFERF 0 k. WHE EJF, AT A
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— ARG IR 1 DR e A A 5 23 B
DNA Fric, B 4R 73 TARC R & e, A
ITE A A 2 i A5 MR AT 20 e, A8 B 3% Y
g3 FhRIC, REBE 1L & Fh b A e gl MR i st 1%
SASHEAT RS, T R G 53 AT 5 PR Y
LRI GE

ASLE LA 10 XTI AR IO 60 Sk BAEK 22
SR S AR AT T 35kt 2 RE R 40 A, IR A
SPSS FR AR A [7] 1y 5 PR A8 AR ofil) 2 1 A= K MR A4
KAMREAC K RHAT T 0. AT 10 M
TRZEA S, 8 AN TR A 8 5 A R OR
T4, Al BRI Ho P TR R AL AR RS
fil4is BOTSTEIN 45/ 41 ) (1 bt 22 25 Pk 15 8 35
i (PIC) 2 S R EEHR bR, 7 ML S 2
SO (PIC >0.5) , HAl 2 DRy b 22238507 1
(0.25<PIC<0.5), FHZEHFELETRERT
0.5, R U] SL04 TR A A T 6L 35 I B AE H2 4t 19 352
1R 5 B R, 28BS MRS G B, Al
BIFRAT N AR iR, 4 4
R Ay 5 AjSSRO2., AjSSR04 ., AjSSRO6 .
AjSSRO9 )22 57 K& P I 15 0 2 1 AR PR AR
A W AHOG . P A R AR R MR T T A
1) S5 (S BE DR, 0 A 7 T AR ] ) S5 (0 B R 5 A Bl
XA i 25 DG 1 i R Y A R A A R 3
AH DG B4 5 PR 2 5 0 3k 6 A TR A 1 5 5 e ofl] 2
A AR AR PR A 25007 s PR
3.3 RE

H FTER 2 A A DR R AR IC BT L K
BERBLATROBE ST 7 (E B X 2450
R HEPERE BRI E D IS0
e P TE AL I S A G QTL 7 o2 J5 Tl Ay AR e oAt
K BB U RO I LB S, TR L
PBCRTEAREE R e AL IR A, FATH B9 2 i =
ARET R QTL 53 I 2R ICES SR
UHRR & QTL UEMf & M iy HiTHe . B 20 F
WAL TAERY IR, 31 2 B2 L 5 Ry 14
O PR BRATH I 2 2 32 35t A% PRI e g g, e 28 ) 50 B
A3 B A 10 %l B & ¥ ( marker assisted selection,
MAS) , iR R 8L E 58, 15 7 B 2R R
PEAR ARS8 A
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Correlation analysis of microsatellite DNA markers with growth traits of
body weight and length in Apostichopus japonicus

SUN Guo-hua', YANG Jian-min'* , SUN Xiao-de'*,
SONG Zhi-le*, WANG Wei-jun', LIU Xiao-jing'
(1. Shandong Marine Fisheries Research Institute ,Yantai 264006, China;
2. Zhifu Fishery Technical Extension Station,Yantai 264001, China;
3. College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306, China)

Abstract; Ten microsatellite loci were selected to analyze the correlation with quantitative trait locus of body
weight and length genomic of Apostichopus japonicus using single marker-based analysis. DNA of 60 eight
months old individuals of Apostichopus japonicus which have differences in growth traits were analyzed by
10 microsatellite markers. The results showed that a total of 50 different alleles were found, the number of
alleles in each locus was 3 to 7, and the number of mean valid alleles was 5. 0. The polymorphism
information content( PIC) of ten microsatellite loci was 0.083 3 to 0. 666 7,and the value of heterozygosity
was 0.236 1 to 0. 767 7, which proved the ten loci can be adopted to make correlation analysis. SPSS
program was used to analyze the effects of these 10 microsatellites on body weight and length of
Apostichopus japonicus. The results showed that AB, AD and CD genotypes of AjSSR02 had significant
difference in body weight and length with other types, allele A of AjSSR04 played a positive role in both
body weight and length, FF genotype of AjSSR06 had a significant impact on weight but not on length,and
A and B allele of AjSSR09 played positive and negative roles in growth traits respectively.
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