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Br HE 2660715 3. F AR SRR E K F el A e SRy I RIS E HR 266071
4. HREEBESHEEARAT HE  266400)

FEE AHT 5T A BT A1 A 22 19 R S (Apostichopus japonicus) & 5 £ 3% % 41 35 A1 QTL o4 By 24
F, sl 26 MNEKRK, RE. KT, RRIEE. JUR AKX SNP LR, KA T HRM
Kol B SNP 4 35| 4 13 b, A9 AZE A H HRM /b Bk xbx 13 MRS EE 2 ki X iy
fE26 SNP L S BAT 0 B A L AMRAN, FHEET KB ERNAHEXEREEHTT QIL L EKIE, %
SUERER, BMEAFAINEARMLE, HRA 10N ZABEATAIMANRKEMLSLS
M, 7 MLENFEMLEASME. 10 DA MR IR /DNE A FHEMARNT 0.016(SNP113)~
0.332(SNP160)= 8], “F3{E W 0.173; &AL ey Wl 2 4 (Ho) /T 0.031(SNP113)~0.818(SNP9) =
B, FHMEA 0433; BE 24 (H) T 0.031(SNP113)~0.834(SNP9)= i, FHME 4 0.402; %4
% B4 & (PIC)/~T 0.030(SNP113)~0.393(SNP160)= [a], F3 4 0248, H 6 ML & Hardy-
Weinberg F#, QTL IiF £ £ % U], SNP40 F1 SNP160 1L & 4 5 4+ K (kK . hE . 1K 55)HE * L
B, AL Ak 3 2R E AL 4 B A SNP40(CC)F SNP160(AA); SNP88. SNP112 #1 SNP126 3% 3 /ML
B JR A AR ALE, AR B F 2 B ALY SNP8S(CC). SNP112(AA)F SNPI126(TT). #F
K5 AMLEAE A K Fedim — A, A A K(CC AA TT)HuE 4 & 5, Si(CC AA). S3(CC AC)
EEKFTERFRE, WXFARERT A2 FAIRH B H FE 4L & 5 AR5,

KA %5 QTL AL ; SNP; B #F g dh % Bt
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Y,2017), WA TR R 225 45 4 VR B A R sk K
Bl HAWOY EE R AR o (HRE R S R AN W4
B, PR L . AR ZE . SRS . BV IR AR
fhRe T 22 W F R S — RN 2 s e H 2977k &
JEE B AR A H 25 ™ B (EEDBESE, 2014), R Fpit
B LR R A TR, TERAEF IR,
S FhRic i BIiESE B Fh(Marker-assisted selection, MAS)
T T 5 50 Rk B e D SR B A O
(Wiirschum et al, 2014),

K= T hmc i B E A O, ME T4
REVEJE, PEst SR, F2 40 B0 R A A
(Quantitative trait locus, QTL), F|/HY5 HArtIRE %
FE B 43 TR 0 A8 28 X PR B 1A ok )R S A K
ZhWpisi AL & R 5E A 5 (Collard et al, 2005). HHi,
O 28 h g ast A 7 B RIS O A48 T 3E QTL #nid K
7= ) R % 47 (Cyprinus carpio)(Zhao et al, 2013).,
175 851 (Cynoglossus semilaevis)(Chu et al, 2014), H11g
Y} #% % (Eriocheir sinensis)(Qiu et al, 2016). I Nl
(Hyriopsis cumingii)(Bai et al, 2015). JLfL i fa
(Haliotis diversicolor)(Ren et al, 2016). PG A b fa
(Salmo salar)(Gonen et al, 2015)% . B 124> TH5
IEMTF &, Tian S5(2015)FHE T 5 2 8 1 2 3 14 3% 431
K3, IR e — > 5 A K OCHR ) QTL; #17(2016)
KA T R Z009 A5 KA Al 42 K B (Vibrio
splendidus) i 4i s JIAHE Y QTL, X LE5rFARic iR
PONRIZ 0 R A E SR T 5 5 %OR . QTL By 55 E Al
WE SR MAS [9TiT#2 (Hou et al, 2011), AHF5EAE
TIPS 1 00 2 a4 % TS R QTL A3 A A 3t L
SR R RTE L BRSO S A
ARAHICHY SNP L5, JRTEY K EF HEIA #1758k,
TEAR AN [] 5 PR 0 5 00 OC MR B AH G, LA AS L5
AIEER) QTL 2558, NIl 05 Thric il Bk & 25
el

1 MRIERE
1.1 SRy

SEUG BT R 2 R CR AR H O R G R
JEA R, Ay [a]—HE R AR & 1 I W] — 7 5 2
TYHEWN 8 HIBEA, M EF AL
800 3k, MMEFHSHEAESMIZAHR (WA EFHA
FAE ) HEAT o AR RS R IR T 5L 0 % I B AN A
(D=80 cm, h=60 cm)lN, 7, 7KiE(18.0£0.5)C,
RERIK 172, BRI 1R, BHREEREHTIRS

1.2 LI HE

121 Al AA KRG N F BEHLBERE 200 k|
S TR | PRYE . PR E AU S E . 1R
Ko MRE M7 FH 0.6 mol/L ) MgSO, I& Iz L
S, (FSWREE, MR ESEKER, B
Ebm < RO AR . R 5E, M550%] 0.01 cm; FHM
TR AR, K#E 0.01 g, JFHcEEFA IS
F IR BB (BRAS A, 2007; BEMEASSE, 2010), 435l
HIBEHINAL, T 95%LEF, 20 CHT7F.
1.2.2  H A Fm PR el 5 REHLEER: 200 Sk
FIS W EAT N T U R Y 00K, TORE BT FH A 52
55 % 53 B PR R 2 8 e 256 i o B B0 J -l e 50
W, NTIRYME N 1.0x10" CFU/mI, B s hib)
30 do BRI, A3 d oK 1R, KGR RN TS
o LA, R ROULEE R 1 A Ak R A OO0, %o e T 1) o
IRAR HERE IR A E D S5 90 SR L 0 B ) (1 s
KA RBO I B AR PN LY, BB I I 45
FIF, AP B B IR A e b ie s A B i A,
RIRHT IS8 —10 5% 30 do SCH S A5 43 A o3 B
PN LUE T 95% L, 20 CLRAF (I K55, 2017).
[FIAT, % BRI RE R AR Xt R, DL HERR PREE X
|2 08 I RS ) o

1.2.3 A F 41 DNA #9432 IR & F§ Omega 31K 5 ¥
DNA EBGAF &R EUEE 40 DNA, A S IR
FIE UL o FH 1.0%A B B e 11 Fe VK Kzl DNA ()
SE#&; F§ NanoDrop 4366 T DNA AR,
B ELAY DNA G—H Bl 50 ng/ul,—20°C R4 £ H o
1.2.4 SNP 1% &89 0% kA= 3| Hpak it fERTIM AL
LS v O e ) S AR L RTE L R R
BB 1 5 AHRA L 9 4~ QTL, & 9 4> QTL
f7r 81 4 SLAF FRr% . 189 4 SNP 13 /5. ##E HRM
AT 20 Pt SNP A7 o5 A 35 7 51 KT 200 bp
HERHHEMEE, HH SNP (HIZRALHR> 1% 5
T4, FIFH%4 Primer Premier5.0 #£4T SNP 3% F{
ST, SRR EEAE 20 bp A4, GC
TN 45%~65%, TR BN AT 120 bp, HF
FH Oligo7.0 43 M5 |9 S B AR REME = A . —
RAKFIE RE5H . [RIE, A 5L HRM & 4378 i (1)
i R AR P A B HL sz 1] B AP 91 (E 185, 2014).
SNP 5[ ¥ HI ARG 8036 A= T AR 9 T AR (T ) AR 55
AHBRAFIATIE

1.25 PCR ¥ 3R ALHHH A A KA R AT
PEARI 8 FER A4 2 HL 96 AN, SR A (HRM)7E
(Reed et al, 2007)i:17 SNP {37 25 i) PCR 434 F1 3 [K 43
Al 10 ul PCR WA R : DNA FEAT 1 pl (50 ng/ul),



CAR Y

X 429K %5 #i|Z: (Apostichopus japoni cus) i 2 25 5 MR A ¢ SNP AR 1T B9 56 3iE 4t 103

4.5 pl 2xES Taq Master Mix, [ FiEg144 0.5 pl
(10 umol/L), 3.5 ul ddH,0; PCR KW 2R : 95°C T
AEME S min; 94°CASME 30 s, 1Bk 30 sGE KR
F 1), 72°CHEMH 30s, 35 AMEIR; FJF 72°C LA
7 min, 4CHAF. H 2%BRIEMEEENR B Ik A PCR 97
B, 10 PCR Y in A4kl LC Green 1.0 ul,
TR P BRI I 1 51445 0.25 ul, 95°C7ZEYE 5 min
Ja PR 2 4°CR-AF, M H Light Scanner #7735 K 430 1Y
FEN A BRI FHRE I N L 0.1°C/s 1 B M 56 °C i T
] 97°C, JFLA 1 /s B BERIEDOCAE S, 1R
ik, RAEZ5 5 F Light Scanner it 2 #5444 ik ith
AT M7 (Ting et al, 2014),

126 HAEAE  GEitaS SNP AL iR R 7 B2
A, FIH Popgene32 3R AL HRGE T4 AL i b Y e /N AE:
37 & H 45 % (Minor allele frequency, MAF), Wil Z4&
Ji (Observed heterozygosity, Ho) . #2444 [ (Expected
heterozygosity, He)Fl i & #5 £ (Fixation index, F), Jf-i#
17 Hardy-Weinberg Akl . F Cervus 84 T4
M2 15 B & & (Polymorphism information content,
PIC)% 4545 -

FIF SPSS20 X B s it AT GE it o0 b, F—Med
BRI (GLM)X #5 SNP i i AL — A58 5 ARG
RIRME AT I/ N353, R H] Ducan’s 2 5 >
Bt SNP {3 s 45 FE A | A5 AR A K U iRk 25
SR, BEMIKE R P<0.05,

2 HERE5HH

2.1 SIHNEITER

R A8 52 56 5 i 300 v 8 B AR Bl IR IE I QTL 43
Hr &t X Fr i e i 189 Mk SNP L gd 197 51 47
A3, T 2 AT T SNP § A 51 H)F 1 26 4%,
WHET T 45 0, it SNP §7 34514 14 X,
{H2T SNP107 i 51 S miRNARE S, REHT
SNP SR 5 38 13 X%, A5 9 2R ME B W
1. H, 5EKMHRMECHEE SNP 75 4 4
(SNP6. SNP9, SNP40 Fll SNP160), 514 T #H 5 iy iz
PNV, 6 1~(SNP6., SNP9, SNP40, SNP64, SNP140
Fl SNP160), 5 AHCMMEIEN AL 4 1> (SNP6.,
SP40. SNP64 Fl1 SNP160), 5 Bl S AU OC 1 3% o7
M55 1~ (SNP6. SNP40, SNP64. SNP91 Fll SNP160),
5H0% 71 A A E SNP 7 45 11 4~ (SNP6, SNP9,
SNP64, SNP88 ., SNP91, SNP109, SNP112, SNP113,
SNP126. SNP134 F1 SNP160), Hitn] L, SNP6,

SNP9. SNP64 1 SNP160 iX 4 Mk fir S 05 4 K
PRA DG, W5 A,

22 SNP &ML

FUFH 13 X551 P % Bkl g A R 47 3 R 43 78
FIH Popgen32 XJ i 345 14 T AN A i) Jik R B2 4
Mro R ER, 3 IS (SNP6, SNP64 Fil SNPII)
TERG AR TR A 2380, MRAAT, Ha 10 4
P R ZASYENL S o 10 A~ 222 VR 1 i Fe /N7 3
R (MAF) /T 0.016(SNP9)~0.332(SNP160)Z [ii]
SERE N 01735 A0SR A B (H) A T 0.031
(SNP113)~0.818(SNP9)Z [H], F-¥J{E Ny 0.433; HHEEAR
A B (Ho) /T 0.031(SNP113)~0.834(SNP9)Z ii] , SF-4
{H R 0.402; 25L& & (PIC)NT 0.030(SNP113)~
0.393(SNP160)Z [1], F44 0.248(5% 2). 6 M 5 I
MZ 5 BE(H) R THHER RS (He), FE 5P R
fE SNP160 1 it iEAH , H AN {H; Hardy-
Weinberg V#7345 R W, A 6 4~ SNP fi i g 3%
fivs 25 ~F- 1 (P<0.05) »

2.3 SNP i &= 5% KA X E IS IE

MRS R RTE . Ol SRR BT
RE 104> Z2 5P SNPAR IC A PR 40 B 45 212 UL 2R3,
Z5061E, SNP40, SNP88. SNP112., SNP126FISNP160
A7 5 T G HR B R S 35 A OC (P<0.05) o 2 5 SNP40
FISNP160- 5K | R | fRTE . Bl S8R 2540
K, Hrr, SNPAOSRK | IRTE . MRE S W EAC
(P<0.01); SNP160-5 1K %8 . A& 5 5 Mk 2 35 HH & (P<
0.01); SNP88. SNP126 5 f£if K A§ ik 2 #H 5 (P<0.05);
7 SNP 1125 771 R E 0 5 35 4H E (P<0.01) .

2.4 SNP BRI mARERESEKMIKEHEXES T

XF5 5 AR B E AR 10 28 SNP
B AT AN [ LR A 5 A K AR 22 B LU o B, 45
W3 4, SNP40 ) CC JER B MATEIRK: | R,
PRTE . O AL 4 SRR B S T CT
B AR (P<0.05); SNP88. SNP112, SNP126 FE:[H
BRI CC. AA. TT WIARTERNE DR PE i) BOwE S
55 AT KRB E B = T CT. AG. TG 3
[H %1 (P<0.05); SNP160 A AA FE R RIAMATEARK | K
B ORTE . EORESE TE  E m T R A CC Yy
AR RIERI UL, S5AE K BRI SE A SNP40 Al
SNP160 13 5 AR I B35 CC T AA 5 $19% T
HIEHY SNP88. SNP112 il SNP126 i 5 (AL H LA
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Tab.l Information of 13 SNPs of A. japonicus
. Bl , 1B il B2 L
s U e 51 HF 51 ol B BEK
Locus group SNP type Primer sequence (5'~3") temperature(‘C) Amplicon length (bp)
SNP6 2 AG F: CACAGCTATGGAAACACCGC 50.0 11
R: CTCCAGCATATCACAGGCCAT
SNP9 ” AG F: GTGCTGATAACTGTAGAAGATTGG 59.0 100
R: AGTGATTCCGGTTACGAGTTTGA
SNP40 ” oT F: GGGTGGACTTGGAGCAGAAG 60.5 64
R: ACCAACGTCCTCTCTGGTTATCA
F: CCCAAATTTCGGACCATCTCTG
NP64 A .
SNP6 7 G/ R: AGTGCGGCGTCTATCACTCT 595 59
SNPS88 19 C/T F: TTTTGTCCCAGAGCATTATCCAA 533 77
R: TCCAGGAATGATATTTAGTGGTTGT
SNP9] 19 AT F: TCGGGACTGTGACTGTGTGA 50.5 57
R: TCGAGGGGAATGGTGATGC
SNP109 19 oT F: TCATAACGCTGGTCTCCGGT 60.0 185
R: CTTGCACCACAACAAGTGGC
SNP112 19 AG F: ATTTTGGTTAGGGTTAAGAAGGCT 585 53
R: GTTTCCAAACAACATATGCACTCC
SNP113 19 G/A F: GCATATGTTGTTTGGAAACAGGTAA 535 100
R: GACGATACATGTCGTCTGCTAAT
SNP126 19 T/G F: GGATTGATCGGGGACACACA 60.0 29
R: TGGGCTAAGTCACCAATCTGC
SNP134 19 T/C F: ATGAAAGGCAGAGGTCCAGTT 505 97
R: GGGGTAAGAGTAGGAATGCAGAA
SNP140 19 A/C F: AAGAACACAGGATGGTTCTGTCC 60.0 74
R: GGAAAAGAGCATGCGGAAATGT
SNP160 19 A/C F: TCGCAGGAAACCAACCTTCA 595 53
R: AAGGGAGGGTCAAGGAGGAT
FT2 101MEEM SNP ALEMIEESH
Tab.2 Genetic diversity at 10 polymorphic SNPs of A. japonicus
R RUNEROIEMECE  WWRAE  MEAAE  SSHEEAR WER o
Locus MAF Ho He PIC F
SNP9 0.091 0.818 0.834 0.152 -0.100 0.154
SNP40 0.256 0.487 0.617 0.309 —0.345 0.000"
SNP88 0.297 0.594 0.387 0.330 -0.422 0.000"
SNP109 0.204 0.409 0.327 0.272 -0.257 0.148
SNP112 0.245 0.490 0.372 0.301 -0.324 0.002"
SNP113 0.016 0.031 0.031 0.030 -0.016 0.899
SNP126 0.202 0.404 0.324 0.271 -0.253 0.016"
SNP134 0.026 0.295 0.503 0.306 -0.338 0.000"
SNP140 0.065 0.129 0.121 0.113 -0.069 0.525
SNP160 0.332 0.670 0.504 0.393 0.332 0.000"
Mean 0.173 0.433 0.402 0.248 -0.179 0.432

. P {H /R RE Hardy-Weinberg AL, “* 3R iR 25 (P<0.05)
Note: P: Deviation from Hardy-Weinberg equilibrium, *: Significant deviation from Hardy-Weinberg equilibrium (P<0.05)

PO AT R SR MR 22 1] ) 2 S W

B4R CC. AA FITTT,

25 SNP _fEEHMERESHIRXBESHT
A%t 5P A SR S A K MR A DGR SNP

L A A A

i, SR 5. & 6. FIHH SNP88. SNP112
F1SNP126 35X 3 A0 J1 AH I SNP AV 5 78 K6 I A
HEAG I R 6 b AL, Hid, K(CC AA TTHIAF
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R3 SNPlImSHK. KE. A5, BRSH. FRERBEXMINER
Tab.3 Significant correlation analysis between SNP loci and body length, body weight, body breadth, pallet number and survival day

fii 15 Locus &4 Body length  {A%% Body breadth {KE Body weight il 5% Pallet number 1715 K%{ Survival day
SNP9 0.629 0.628 0.072
SNP40 0.007"" 0.004" 0.001"” 0.020"

SNP88 0.013"
SNP109 0.246
SNP112 0.000""
SNP113 0.808
SNP126 0.017"
SNP134 0.940
SNP140 0.931

SNP160 0.042" 0.004" 0.010™ 0.013" 0.619

T RPBAEA PRI W IRTE | ORISR AA35 KBS SNP AL CHE I HT B AEL, “*"3R7R P<0.05, «“**”

R P<0.01

Note: Values in the table are the probability of association analysis (P) between SNP loci and trait (body length, body
weight, body breath, pallet number and survival day), “*”means P<0.05, “**”means P<0.01

*4 SNPIRAREEBAEXKERBZELBR ST
Tab.4 Multiple comparisons of related traits with genotypes of SNP

7 45, Ik R A A REL NS N ENEED O A VAR
Locus Genotype Individual number Body length Body breadth Body weight  Pallet number  Survival day
CT 50 6.441+3.148°
SNP40-BL cc 46 8.383+3.802°
CT 52 8.062+9.152°
SNP40-BW cc 44 14.954+10.164°
CT 49 1.517+0.817°
SNP40-BB ccC 47 2.167+1.280°
CT 52 30.885+5.694°
SNP40-PN ccC 44 33.841+6.534%
CT 57 21.228+8.266"
SNP88-SD cC 39 25.718+7.591°
AA 49 27.469+7.655°
SNP112-SD AG 47 18.447+6.182°
TG 38 20.711+8.532°
SNP126-SD TT 56 24.732+7.579°
AA 37 8.096+3.573°
SNP160-BL AC 32 7.317+3.912%
cC 27 6.295+3.151°
AA 40 13.967+10.098°
SNP160-BW AC 41 11.955+10.674°
cc 25 5.918+7.720°
AA 38 2.186£1.379°
SNP160-BB AC 27 1.848+0.883%
cC 21 1.835+1.113°
AA 37 34.081+5.609°
SNP160-PN AC 27 32.593+7.250%
cc 32 29.813+5.331°

e [l —FE AN TR] AR - B3R R BUfEL o) 22 53 8. % (P<0.05). . BL, BW, BB, PN, SD 73 HICH KK | K | (K58,
RS E, AT R

Note: Values with different superscript letters within a column are significantly different at 0.05 level, the same as below;
BL, BW, BB, PN, SD are the abbreviation of body length, body weight, body breadth, pallet number and survival day
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Tab.5 Association between diplotypes of SNPs and disease resistance
%7 Diplotype SNP88 SNP112 SNP126 AAEL Individual number TEIE KRB Survival day

K, cc AA TT 11 30.000:£0.000°

K, cc AA TG 11 27.546+6.654"

K, cc AG TT 10 25.500+9.958"

Ky CT AA TT 19 26.632+6.627%

Ks CT AG TT 14 19.500+6.948°¢

K CT AG TG 15 15.067+5.650¢

#* 6 SNP ZERSHSEKMERMEEST
Tab.6 Association between diplotypes of SNPs and growth trait
— fe MK LSS AMR%L 58 A% {L3CEA AR RS
Diplotypes SNP40 SNP160 Individual Body  Individual  Body  Individual Body  Individual Pallet
number length number breadth number weight number number

S ccC AA 21 8.47+3.64" 24 2.35£1.60° 22 16.77£9.99° 22 33.14+5.61°
S, cC cc 10 8.04+3.40™ 10 1.65+0.69% 7 6.08+7.05° 9 33.56+7.58%
S3 cC AC 13 9.17+4.12° 12 2.32+0.79* 15 16.4349.97° 9 33+7.04%
S, CT AA 14 727+£3.64™ 14 1.89+0.85® 18 10.54+9.38® 14 33+5.31°%
Ss CT cC 15 5.55+2.60° 20 1.28+0.76° 18 5.86£8.16° 19 28.84%3.27°
Se CT AC 17 6.11£3.11% 15 1.47+0.78° 16 7.76£9.80° 17  31.59£7.57™

TG KRB &1, R B TR AR AR B BCRE W [|] 4R
K, Ky(CC AA TGYRZ, (HARE & T H AL — A%
L R SNP40 il SNP160 3% 2 A5 A= K A fil ik
AHOCHY SNP A7 i, TERTIAE A rh A 2] 6 Fl — A%
Al SRER TS R R, Si(CC AA)FI S3(CC AC)TE
AR (AR AR R ) b 3 T A A A
T BB B AT 45 SR B, Ss(CT AC) N
PILH AL, HAL LR 522 5 A K,

3 it

G3F bR il Bk = S W B RO H K 3 ) s
LEMOIFRES, (HhT/MEARER QTL X[t
K, HEEMERZASZ WA, F3 QTL Mk
X} QTL %0 ¥4 % A= i B (Wiirschum et al, 2014), 1
— MRS E R R EM N QTL MIfgAE M T3
— DR RBHERER, B, QTL Y50 Uk Al 2 5Lt
MAS R (Hou et al, 2011), HAj, 7E/K=HFhd
BT T QTL B UEAYAH A5 IRGE , Wang 45(2014)
X} 2t (Paralichthys olivaceus) 4tk 71 CHE ) QTL
PEATERAE, 5 R % (2015)%F & [ Bk B U1 (Pinctada
martensii)i 2 A K SCIBRIE R A T B0 IE , & B 3L
PRI Bl RS0 58 A8 H 386 (90 4255, 2011), B
FIXT S PER A O SNP & Ok £, Gao 45(2013)

TFET 26 D5RIZBIEALEIFHOCH SNP 7 5
Dong 45 (2016) 7 X} B A= FLN T35 58 1 1 S st /% Z4¢
PERBVRELS AR OTFE . FIH] HRM &4 1 51 4
K SNP s, fifpe 1 st ZREMEREARIY A Li 55
(2016) KB T HHIZ T HAHIKH 3 4> SNP i si; #HE
H(2016)7EX) SNP 5K SCB A8 T 10 4>
5 AR A G R (H X BE A0 2 75 BE 4%
T E R, F7EY KRB — 2P Rk AHFS
JETE AT 0 25 BE s A% i BUEIE A QTL 43 B4R 45 A9 i
e SNP A s Al b, FEY KBHA P XT3 #Y SNP
B e — A, g i T e E M SA KM
ARFNHCIR T A A SNP 788, JFaf i LRI R Y
AR 3 T AR IC i B & R ZE T R AR 7 b T SR A
PR

QTL K uE 44T () S B A5 B X SNP HE4 7 HERf 1Y
HEHAR, HETC A ZF SNP 485k PHORXT
FRJZ 1] PCR(Semi-thermal asymmetric reverse PCR)
(Long et al, 2015); Z:i%4r M1k (Mass spectrometry)
(Parka et al, 2017). Fast-GBS(Fast Genotyping-by-
sequencing) (Torkamaneh et al, 2017), SNP A& 5
ERARZHR, Hzues Su00 A5t I K
A BREBA BRG], AR T o JEAF R 4R 1 5
A PR i il 28 43 M 52 R (High Resolution Melting,
HRM) (Li et al, 2012), FH A R & | RE I
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ERAETE | BESCH0 AL 1Y P A A | o0 B 2 SR oK
WL PHRABAR LR, B8 IZ T SNP [k
A3 (Liew et al, 2004), ABFFERT 13 ML
BTSSR E, 10 4 SNP [ H 25 E B&E
£ 0.030~0.393 Z b, &A=& 2NN, X
5 SNP b & fibric . 3 F R A 56 (Bmokes,
1998), it Hrf, {745 SNP9, SNP40 Fl SNP134
JIT R F A v 8 A R A BE R TR 2% 6 B, HCA
IR BRI 2 A5 B R TR A, B 2ZEA K, [
SEFEEL(F)R AL 5 SNP160 & IE(H , HAbX M fafh, it
B AR 2 A TR IS, X T RE R e B 1l el &
FERE I F 5L,

PIVICCEF(2010) 2L, K QTL LR HBEMZ
HIT, B A8 RFEAS i i BEALRE R b B A7 500, DA in
QTL ZE B M HHA T R M E . ABFFEXT 10 228
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Validation of SNPsAssociated with Important Economic Traits of
Sea Cucumber (Apostichopus japonicus)
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Abstract Based on the high-density genetic linkage map and QTL of the sea cucumber (Apostichopus
japonicus), we selected 26 candidate SNPs associated with body length, body weight, body breadth, pallet
number, and disease resistance. Thirteen pairs of primers were successfully designed, which could be used
for high resolution melting (HRM) detection. The 13 candidate SNPs associated with important economic
traits were validated and analyzed with phenotypic data using genotyping of HRM in the expanded
population. Polymorphic analysis results showed 3 loci were monomorphic sites and the other 10 loci
possessed polymorphic minor allele frequency (MAF) at the 10 polymorphic sites, which ranged from
0.016 (SNP113) to 0.332 (SNP160), with an average of 0.173. Observed heterozygosity (H,) ranged from
0.031 (SNP113) to 0.818 (SNP9), with an average of 0.433. Expected heterozygosity (He) ranged from
0.031 (SNP113) to 0.834 (SNP160), with an average of 0.402. The polymorphism information content
(PIC) value ranged from 0.030 to 0.393, with an average of 0.284. Six loci departed from the Hardy
Weinberg equilibrium. The results of QTL verification indicated that loci SNP40 and SNP160 associated
with growth traits (body length, body weight, body breadth) with the dominant genotypes SNP40 (CC),
SNP160 (AA). SNP88, SNP112, and SNP126 were associated with disease resistance. The dominant
genotypes were SNP88 (CC), SNP112 (AA), and SNP126 (TT). Diplotypes were constructed based on the
five SNPs and association analyses revealed that K; (CC AA TT) was best for disease resistance, and S;
(CC AA) and S;3 (CC AC) were dominant diplotypes for growth traits. These results provide basic data for
marker-assisted selection in sea cucumber breeding.

Key words Apostichopus japonicus; Quantitative trait locus (QTL); Single nucleotide polymorphism
(SNP); High-resolution melting (HRM); Validation
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