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MNEKFHE T HERIFNHANER, LRZHT 20 ME 25 4, d4& F &5 B (RS)
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WAL SR HEAT 7B IT, O 2% A8 R Y 3t 4% T AR
HE T A J1 #9445 Jombart %A 3 O 7
H3N2 4 J5L 76 1 SNP 43 b ic R B 5 | 12 113
T3 8500 0 Dt T A I R b ) g5t AT AR A KA R AT T
W5 .

i B B #7iC ( microsatellite markers) H.G 2 &
PEFEE EE A LB SR S T Iz M
T K57 sy g SR A PN st A% & Rk R s A%
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X T B 5 W7 A 1) 22 A5 PR A 8K 30 2 1 19 A My
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1.1 SEIsfs

S50 T ) 0 2 b SR ORRE 43 0 B AR S
Wi 2 % (131. 55 E, 43. 08 N) f1 7 H k%
(121.73 E,39.03 N;121.23 E,38.76 N) , #( &=/
Sk 85.25 .30 ko A3 i BUAMAAE MR KR
RA7E T -80 C kA,
1.2 EF 4 DNA iR EX

}% B TTANamp Marine Animals DNA Kit( k.
HURAR ) 170 & 150 B 1 4 IO 2 KL TR 41 B DNA,
1% Br R A I B kR ), - 20 CLRA7 A
1.3 WIEFBRFURMNAE

SEHG R R R BT R S ok B AR SE 5 G i
Nlumia I Fp A4 £ 19 1) 2 56 5% 4 %04 %, #)
Primer 3.0 &1 519, % & LigE LAY ARG
KSR 1), PCR {K &y 20 pL: DNA £k
1.6 uL, 10 mmol/L F Fi#fal ¥4 1.6 pL,
2.5 mmol/L dNTP 1.6 pL,10 x PCR Buffer ( &
Mg>*)3.2 pL,5 U/pL Taq i ( TaKaRa) 0. 15
wL,ddH,0 ¥h 75 % 20 pL. PCR JZ i 4 94
CTHA M 3 min; 94 TAsH: 30 5,60 CTiB k 30 s,
72 CIEA 30 5,29 MFEH; feJa 72 CTLAEA 10
min, PCR ¥ ] 8% 3k 75 ¥ 5 N M Tk Jic B JIC A6
T, R AR e £, #1 #8 . DL TaKaRa /A & 1 50 bp
DNA ladder 4 #5 #E , F ] Gel-pro32 #E i K 1% 4k
PR GAL B UK ] Jr, 3145 45 STk GE H PCR 774
9 BOR /NI A s i o

1.4 HiESH

EAAREAEE &5 (B Rl s H o)

# F Microchecker v2.2. 3" 6 1] 20 /> T0 &

AL AR TR 2 A [5] b PR AR Hh 2 75 A7 7 028055 A 4
,GenAIEx""* J1 5 20 A s AE 3 A B v iy
Hardy-Weinberg ~F- i 1% %0 . WL I 2% 5 2 11 40 22 2%
AR AL A5 B DA S RE AR ) Y (Nei” s) 33t & B
B, I T T AMOVA 7347,

BB DL 20 AN B A R A
136 /> 25 o K& PR A Dy ik A A8 o o] i, R 42 B 140
ASASPRTE AR B AR A DA RO R R
HBLATIC 0, 8 58 55 07 58 PR fd b B 2% HL
NFGHIE Y 0.5, S A Bk P B 45 H.
Maifie R 1, PR 136 x 140 25 1.5 J7 A
o

DAPC % #7 KM R BMF G, BT
adegenet ${ 4 4> #r# e | % ] inbreeding Fil seppop
i A R AN [ B A HE 4T T 52 28 BOE 25 A6 55 s
N4 {F B 2 %1 ( Bayesian information criterion ,
BIC) 14 B e (R R B H 5 S P AR B B e e,
DAV 2 J t o 0 m] g o ol T 32 B2 DR 00 5] 23 A
% (discriminant analysis of principal component,
DAPC) 47 il 2 4 (9 J0 90 40 7. FI A dape
i A FEAT R R A o3 A, B S RO R
PR 7% n<N/3(N B A HED 1] scatter
i A A B H B0 43 A 45 2R o e JiE X g ST A R R
Fr HER P4
2 4k

2.1 fRgpEfksEEsHw

T2 A [t BB A ) 38t 4% 22 REE 4R B R
12 3 DRI SRR, 20 A7 s BRI T 136 A
SERLEEDN o BRSO AR SRR BN 3 ~ 13 R
ZE H A Cl1_Unigene_BMK. 22951 {vi /5 25 (v 2L A
Bz , 134, RAMHEZEME(HE2),
M 07 0 2 A1 49 2 o B RS b [ S R
WA Fir 2290, 73 93 2 6. 4 (RS) \5.2(CN1) 5. 35
(CN2) , B4 5 Je Bl 5. 65 RS AR
SR A5 L (H, =0.541) 5F 3 ) B Ie5
(H, =0.651) 85 K,3 DREAE R F X000 2 4 B2
H, 3 0.532 PG5 H, 5 0.633, 45
R % Wity 2 EORE IR Y 8 1% ZREPELE 3
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2.2 BEEELHESWT

78% (135 % AL S AF T A AL, 6% A7 A5 A
], 16% 48 55 ok [ RN, P8 F {2 0. 062
(P<0.001) (£ 1) T 20 DTN A2
A7 ik PR A A8 T 00 2 b BT A 1] Fr) Nei” s gt % B

BARA A DAE R (K 2). RS M SRR
CN1 .CN2 HEiAR e i g A (D, =0.18,D, =
0.159) , it f& ML 22 %50 51 0. 835 A1 0. 8535
CN1 45 CN2 L i & /N (D = 0. 074) , 35t 4 A
UE 2R B K (1=0.929) ¢

x1 RMSEEERK AMOVA 54F

Tab.1 Analysis of molecular variance( AMOVA ) among populations of A. japonicus

7 5 R H i 5 A

Ji My A5 S/ % I#] £ 4 %4

source of variation df sum of squares  variation of components variation fixation indices d
Fh#EE] among populations 2 81.740 0.429 6
FP#E Py within populations 137 1 039.945 1.103 16
AN [H] within individuals 140 753.900 5.385 78
LT total 279 1 875.585 6.917 100 F:0.062 0.001

x2 HSFREBMEE Nei’s @EEHEMME
(ML LA)MEEES(MNALTH)
Tab.2 Nei’s genetic identity (above diagonal) and
genetic distance ( below diagonal) in

A. japonicus

AN WY i S Hh R 1 K 2

population RS CN1 CN2
RS 0.853 0.835
CNI1 0.159 0.929
CN2 0.180 0.074

2.3 H A4S

Microchecker v2.2.3 {4 #; M & 78 20 1%
TRBRICAE =S R 2 A7 A O 55 i H
PR FH R X il 2 A [6] B A4 1 30 52 3% B0k
FrvrAl (I 1) R SRR O 52 R 50/ & IE S 7
A, o R i A i T S R, b, o R G R
T2 5L OB 2 AR o Ak, R B IR A AT S X T i
2 T AT 52 2R B

531 53 B A5 P B 3 Ay A S B H O 45,
XD SR 7 22 AE A 5 9 89.3% (K 2-a) o i
JH DAPC & EM 5% ik 3t 55 DLt i 5 B 2 4
(bayesian information criterion, BIC) , 45 5 & 11,
AER R 2Kl 2 ~3(BIC =288.398 4,BIC =
289.068 9,K 2-b) .,

20 A~ S A e PR AT AE A ) B A ) 17 45 3 43
Prig s, f s CL_ BMK. 15555, Cl _
Unigene _BMK. 6427 | T1_Unigene_BMK. 12964 |
C1 _ Unigene _ BMK. 7484  Cl BMK.
54725 F1 C1_Unigene_ BMK. 6860 i) 5 ik 4 Xk,
b T1 BMK. 12964 . C1
BMK. 7484 } C1_Unigene_BMK. 6860 ] 77 jiik &

Unigene _

_ Unigene _

_ Unigene _ _ Unigene _

TR 0.06 A b, R iyt a7 S it 1 o g HE
SEAfi (1 3) .
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TR AR E N N T ZE ALY s B8 S BB LR
variance explained by PCA value of BIC versus number of clusters
= 100t 5 305}
g — 2
g 89.3 8
S g 80 ®o
~3 4]4\\_5 300+
R 8 60 g
g 4z £
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}‘Q > 40+ ?‘E
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z 20f 2
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(a) Bt 5 22 H 5y AL Fa R W By T2 A8 15 45 4, (b) DU B br v (i s dst (G SR B H 2 ~3
Fig.2 PCA and BIC results using the DAPC to investigate genetic structure
(a) The optimal principal component amount found for the analysis was 45 based on cumulative variance component curve, (b) The BIC

(Bayesian Information Criterion ) values corresponding to different genetic clusters are shown
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Fig.3 Contributions of 20 alleles of A. japonicus in different populations

The alleles that contributions above 0. 05 have been marked
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Fig.4 Scatter plots of the DAPC for A. japonicus(a:n =3,b:n =2)

http : // www. scxuebao. cn



1330 Koo

o 38 %

FRCAEAS 5 v IR O T A R MR 20 M & 2R B, A TR
RIS R T 5 Hs e R B0R B A4 5 T a2
TR H T 2 %053 JLF 1] LA B A 31 = A4
TRPEAT 58 2 9 153 (] 4-b) o
2.4 FHRBEIE

Wt BIL 101 3B A K50 B 1) 75 % 3 S P R
PRI A% 14 25 %o Kt Xof A5 704 114 4 B J3E R A7 960 o
B A KO 23 O 3 A TR O R 36 i v A R K
T 80% 5 111 %f T AT A% 19 A5 R0 Af P SR ) 1 90 %
PAE S UL T AR B 5 3 S 9 6 TR . 2 s 1) AR
S8 PEAAE R

3 3

R SRy i a] 35t 4% IF 5 19— Bh bR 00 7 3k, B A
Sy FhRic © 78 fil 2 R e BT o B — o 1S
Pk o FEAWESE Z i, Kanno %5 76 45 i 2 5% [ 41
i ik 20 ST R Ay F AR I T 4 i H AR
WA [m) 206 05 i 2 1 A 1) st % 45 4 5 I [ 4
e sy T N EST S Hh 6 g 405 0 2 T2 4
FHRCH 5 . ARSE R T IRk T 20 X 1L
B 519,76 3 A S B 1 b ) £2 0 s 3, 77 AR
T 136 ANEEALHE R AL AR, 3X 20 A TR A S AE
SN B RAF 1 1% Z R R AT 5 B

FENEEPFECE (N,) GG (H,) 5t f%
SR ] I WA B A Z AR L R P
& A PR AR B 2 R AT ol B % 950 BT AR il o AR 52
Hrrh RS CN1 Fl CN2 Hi| 2 HF 44 i) - X 45 £ B K]
BN 5.2 ~6.4, FIHEIAE N 0.62 ~0.651,

B PR 5 45 B CF, ) B T 3T o fE A s 4% 2y
AR, Hobp e N AR 7 4k F < 0. 05, 1 35
f£:0.05 < F, <0.15, @4 4k:0.15 < F, <
0.25 M & B4 4:0.25 < F, <1.00"  Aszis
FIH 20 Mo LR ZBMS BT T 3 A
[ei) 3] 2 b FRFEAAR Y F o, HOP- 3 0,062, BV 2
F9 3 A b BHE A 18] 77 7E B R 8 A% ar k. A
AMOVA X $ll 2 A [ 3t B RS A4 14 38 4% 404k o0 B
W, A7 6% 135t A% 742 S5 ok B R (], ] i 4 27 S 7
Z AR 5 v P AR A [R] Y ast A5 B B AT, X
56 1 e 4 0 ) T A T R AR A X R L R
T 3 25 A [6) 1 P35 00 2 B AR R AT 352 4% Z AR K
FIE AL 251 73 A I TR 4 2R — 2

53 B 5 F2 053 43 B R O Tl K 2 A
AL IR A AR Gt ik, 2 ) iz s

FK =PI 4 25 5 A RKARAE S5 Ty 1 1) BF 9%
H R e PR T i T TR AR 3 AL 45 K S A R
FE BT AR ] 1 388 A% AR S 1 ) 51 43 B U i 4%
X R ] A2 S 47 IX 43, 45 6 LA B B R 43 i B9 A
ST R A B 4 At DAPC R A
DNA £ 251, B L% T 5 DNA 7 A ] B 1 2
A7 5 DRI 28 (4 A [) SRy FE it 38 2o 4 A ] o7 i 1 45
A7 56 DRI AT 238 2 Ak s TR 45 S A B I A et 4
B B, W 3 43 T A AR 1 i DR 45 2 A ]
AT AR AL T S H 0 . DAPC Mgt 1% 2= ff i
K53 BT HE AR 35 A% 25 40, 2 — B Pl R0 ) k.
LA, BB R Z 058 DAPC 1E y — F 43 B B
Wit MAG KT ¥ L HE, I HEBTELEYD
HE A BT . Morgan %5 F ] DAPC 37 T
FE WK ) 25 397 55 J8 36 X 43 A 19 I 0F (Jasus
edwardsii ) ) 1 1A 8 1% 4544 ; Vignaud % 3 i 1%
TR bR oiC X B OEE B
melanopterus) 47 | 81 4% 4514 73 A, & W 55 R W]
FIH DAPC 17 HE AL FIROCRE R

ARSI AH ] 20 XF L TR 51 4 X H 2 A ] b
FRHEARUETT PCR ¢4, 349 3 NHER I 43 TR id
FARVEAR , FF B PE H N ] DAPC J5 5 X6 B AR i 17
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N M B, S A ) B AR o 2 SRR,
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J B IE 45 S 3E B, DAPC X 3l 2 A4 1 il B 4
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Linear discriminant model construction based on microsatellite alleles for
geographic distant populations of sea cucumber ( Apostichopus japonicus )

GAO Yinxue, CHANG Yagqging* , PANG Zhenguo, BAI Xueqiu, JI Nanjing
(Key Laboratory of Mariculture & Stock Enhancement in North China’s Sea,Ministry of Agriculture,
Dalian Ocean University ,Dalian 116023 , China)

Abstract: A Discriminant Analysis of Principal Components ( DAPC ) method was adopted to construct a
germplasm resource prediction model at individual level, for the sea cucumber Apostichopus japonicus. One
hundred and thirty six alleles generated by twenty microsatellite markers were used as the raw data input.
Three populations were sampled from Vladivostok, Russia (RS, 131. 55 E,43. 08 N) and Dalian, China
(CN1,CN2). Principal Component Analysis ( PCA ) and Discriminant Analysis ( DA ) were carried out
sequentially. Linear Discriminant functions were constructed with the two China subpopulations as one
overall CN population and two separated populations respectively. The results showed that with 75%
individuals as training set and the remaining 25% as test set,the accuracy of constructed model reached up to
about 80% for the three-pop model and over 90% for the two-pop model. Conventional genetic diversity and
genetic structure analysis showed moderate genetic differentiations among the three geographic populations of
sea cucumber,and relatively close genetic distances(D, =0.18,D, =0.159). Nice accordance of results of
conventional analysis and our novel analysis indicated that the current method can be practically well applied
on prediction and discrimination on germplasm resource at individual level. To our knowledge, this is the first
application of DAPC with molecule marker information to genetic study. The novel method built in the
current study can be well applied to the practical breeding project in future.

Key words: Apostichopus japonicus; hybridization; genetic structure; microsatellite markers; prediction
model; DAPC
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.24 31491751 575 M BRI /bp /T
locus primer sequence(5'-3") repeat motif size range T,
C1_Unigene_BMK. 15611 F:GAATGATGTTCCAGCCCTTG (GA)6 135 ~213 60

R:GGGCCTTTCACACAGAGAGA

C1_Unigene_BMK. 15555 F:AACCTCTCGAGTCATTCTCCA (CT)10 127 ~199 60
R:GAGGGAAGAGACCACCGATA

C1_Unigene_BMK. 6545 F:GGGTTGTTGTAAGCCAAGGA (AAG)S 105 ~ 147 60
R:GGGAGAGAGAAGCACATTCG

C1_Unigene_BMK. 8427 F:CCTCCTCCTCCACTTCTTCA (TTC)5 163 ~ 184 60
R:TGGTGGTGCTTTTTCATCAG

C1_Unigene_BMK. 32064 F:GACCGGTAAGGGGATGATTT (GA)6 114 ~134 60
R:CTCGTCCTTCCTCTCACCAC

T1_Unigene_BMK. 45838 F:AAGGCCTGGAAAGGGTAGAC (GA)6 144 ~ 192 60
R:TCCCAGGTTCCGAACACTAA

T1_Unigene_BMK. 9323 F: TCCTTGGTGGGGTTGTTTTA (CAA)S5 117 ~ 189 60
R:GAATGTTTTGGTCGGCAAGT

C1_Unigene_BMK. 25927 F:ACTCGGGAAGCTTGATCTGA (TTC)5 186 ~264 60
R:ATGTAGGACTGGAGCCGTCA

T1_Unigene_BMK. 12964 F:AAATCGAAAGAAGTGACCGAAT (AAG)S 106 ~ 139 60
R:CATGTCAGCTCCATTTGCTG

T1_Unigene_BMK. 14571 F:CGGAATGGCAACTTGAGAAT (GAA)S 156 ~ 171 60
R:TGTGTGCTCAGTCAAGTGTGA

C1_Unigene_BMK. 41767 F:CACGGGTATGTTAACACTGCTT (TAA)S 82 ~109 60
R:ATTTGCGCCATGAACATTCT

C1_Unigene_BMK. 7874 F:ACTCCGCTTTTGAGGAGGAC (GT)7 85 ~109 60
R:AACCACAATAGACCGCATCC

C1_Unigene_BMK. 22951 F:TCGACTGTTCATTGGATTACCA (TG)6 126 ~172 60

R:CATGTTTCGGGGCAATACTT

C1_Unigene_BMK. 54725 F:ATCCCCATCCCCTCTTTACA (AAG)5 138 ~175 60
R:CGGATCGCTCTTTTGATTCT
C1_Unigene_BMK. 10620 F:GTGCCCAGTTGAGATGGTTT (GA)6 88 ~98 60

R:GAGCAAGCGGACTCATCAAC

C1_Unigene_BMK. 3141 F:TTCTACCCAGATTCGCCACT (TAA)6 94 ~ 121 60
R:AAACAGGGCTCTGCTTTGAA

T1_Unigene_BMK. 3789 F:CACAGAGCCGATATTTTGCTT (AG)7 83 ~99 60
R:AACAGCTTGTTACGGGGCTA

C1_Unigene_BMK. 6860 F:ACCGTTAGAAAGGCGTGATG (GA)6 148 ~ 180 60

=

:ATGGGTTGTCCAAACTCGTC

]

T1_Unigene_BMK. 5796 :CATGGATCCACCTGGGTAGT (AT)8 170 ~ 184 60
R:CAACATTGGTCCAAGCCTTT
T1_Unigene_BMK. 3177 F:CACGTTTACATGCTGGTTGG (TTG)5 139 ~ 154 60

R:GGCTCCTACCCCCTAGACTTT
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