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WE MAENFEANEE, £TEHT® LS W(SNP) L TR0 0 5% & 4 1Tt te Sk o
i, BTN TS E M. ARHE R A B 0 {7 % £ (Apostichopus japonicus) & 1 8
RBEHATENFALEEAKFE SNP & A fEit, ERE 7, K% A6E F M E Minor allele
frequency, MAF) >0.05 B, 7 SOK SNP Ztat b 354734, A [F SNP % & 8945 il % & 4 & SNP 3%
5 4 A& 58 B A (0.566+0.022)~(0.61240.003) ; MAF>0.1 B, SNP %1% 4 {51t #1E & B H
(0.58610.015)~(0.615+0.016), 3 ¥ 50K 1K 5 & SNP AFiC 2 4 3 3k 2k & 1otk 25 B B (QTL) A % bz A0 /)y
BBl EIE, F@ARAT SNP R AGITEE R, EANLEERtRE N TMAEKERZHX,
BRFRHSEERER - NELNBEEMER, 5HEREANEIZECEARTELSLER, F
B4 ERERERATFREET HESKEE SNP X F BT T & KBS 54 5507 /8 3 —

YRR
ES et

PESES Q38 XHEIMRIRAGE A

135 il 2% (Apostichopus japonicus) & H1 [ {4 45 1) ¥
Bz —, BFROMERE, HHAMETZ0FTEE,
2004). S FEGE AR TR 1 485 T LR 1R K T
C R K FRFE Y 2= 2 —(CEF5 A5, 2006).
SR, T2 R0 0 i R TR RN IS IE 4, LAl
WEFEH G T RIS IR R, Iz Seatint . 57
BT 2 R IE BRI S AR A | TR
G5 AL E 20 /il N SN R VA TR AV T - I
) (4% RUBR A, 2010; 5K = 5, 2004; L7 5%,

W% 4 ; REML; SNP; (il %; kE¥HE
XEHE  2095-9869(2021)03-0068-09

2006; #XNISE, 2016); BFAE TR B B AR A 0 =
K e %am . R, WS EEL T
Fe(E 7, 2019), HlZS M35 w6 ™ H . &
NATT 5 i 275 K S 3G I, 38 YD 2% k7 sl
R, EEEAN R MRS B SR
IR TR E R — I SE AR T, g, st
2 1 A I R R E PP O vk Y OGS4 48 B (Falconer
et al, 2000).,
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WP SOV, AR R B TAERS — 5. 57
20 55 2 O 3 G0 1 IR 36 4 ) 14 R OC 3 88 0 o8
% ZBOTE AL J7 (Lstibarek et al, 2018; SO B 4%,
2019), TEfiRIZsL i flit bz, i,
Xof 5 0 2 i HH 3 B B EIR A AR A (BE A 2%, 2006)
HARGMAFIHES IR (2 2185, 2009). 415 4 A
KR G A, 2010) Y38t £5 AT+ 45 . 1858051k
I 2R A5 B 5% 2 A 5S4 B (Numerator relation-
ship matrix, A [%), JfHI LR & BAUGTTH8RE 77,
X715 A5 S0 A M R o R M SR B (R A
2020); Tl /R AR IR 22 (HilL, 2014), 2T RIEHfE
WA AR ] SR 2% 0 REFRPEA B, JOF HAFAE R id %
BRI IA RAIEAE BN S8 B O R Y AE O, (A
e ge kAl Tt is AL 1 HER PEAETE—E R PR o

Bifi 5 I P AR 1Y) 2 T, ke i 22 1) 2 25 R A
R 2 5P (SNP) 43+ b i HE A 1R ] 19 2R 2% OC &R
(Thompson, 1975; Lynch, 1988; Queller, 1989), i i #4
HEFL R 4 SR %% Kk R (Genomic relationship matrix,
GRM)(Li et al, 2014; (i R4, 2019), #4712 T SNP
4% FHRIC 3848 S 48 3 (SNP 314 J7)(Yang et al,
2017), FFAEBAE Y L K NS REAA A5 30z 1
(Ritland et al, 1996; Mousseau et al, 1998; Thomas
et al, 2002; Visscher et al, 2006), #ill, Yang %:(2010)

FIH REML 28 7 A%+ T SNP £Ha 4L f B i A28
BE R SR Guo ZQ018)FH GCTA
REML fitii+ T #5$L A Ul (Chlamys farreri) )4z K4k
(K| 5. mANEE)A SNP 1% J1; Fishback %
(2002) i 1] REML J5 ¥ Al i+ 1 U1 i (Oncorhynchus
mykiss). i K A1 E 15 195112 77 . Benjamin 5£(2012)4iX
F%EF GRM 1 REML 74T 7 k#k A~ GREML ik,
GREML 7% 1] LA F SNP B Al 11 J0 36 2% 56 R 1414
2R RR, KRG, meiFE4 SNP MR £
RUAR S LW s AL ) o SEG kA L, REML 43
Bridiids T ARSI OB Y 7 22 4150l TR KR &
D7 2240 0 AR TR 7 o ASHIF 28 R 8 52 5 19 5
HIZ LK 41 (Li et al, 2018), %F A 5] 55 78 o BEA B0 5
SRS T RS EW T, HEHXTH5 0 S H B AP
POIRTE R, T 2 NAUKER) SNP 8% il
I, HEE ORISR 2T B RS L Ity
RIS KSR A 1E F P — 2 ry BIS AR

1 #MRI5FE
11 FRSHEARSERE
AR 215 MRS FEEAS R A T 8 AN AE Y

FRPEHERA E P8 L PN L LRI L BB
AR OTRZ | RN, SRS Wi S . B
g, PR DT RIZEEAR A B AT ST (R 1.

£1 RSHARRGT

Tab.l Statistics of papillae number for A. japonicus

PR

i@ﬂi{ﬁﬁ ) ﬁéz}xm Papillac Number
Geographic location Size ———
Y Mean #FRrifEZE SD
-5 Pingdao 30 44.5 6.1
/N EE Xixiaomo 30 50.5 9.2
AR 30 40.8 4.4
Qixiakou, Shandong
Wiy & Bashaodao 30 47.9 9.4
s .
S Hybrid of 5 58.4 6.9
Chinese and Russian
Jife i Liishun 30 34.2 5.1
# )¢ F& Huanglongwei 30 34.6 4.8
. St %
e Wi 2k 30 56.7 10.7

Vladivostok, Russia

1.2 £EEAENFES% SNPIEHF

¥ RS 2 213 A 4] DNA $EBGAF & (AR, At
FOULIA R EUG M2 3L M 4] DNA, i ] NanoDrop-
2000 i 58 AM OO RE TR T E = AT

K 550546 1 DNA R Br R unfE &2 i polyA 2 .
ISk . A4k PCR 338 56 BUE A SOl 4%
JE K A A% 1 SC 7R 3 Tllumina Hiseq Xten 4 PE150bp
BEAHEATIT , BRI FUREE R 10% ., X I 3k
o BN e B P AT B e 9, ] Cutadapt X1
(Martin, 2011)%Bg#3L 751, i SolexaQA K ff:
(Cox et al, 2010) L BR BT {EAL T 20 AYBIE, H5f33]
%) e JoT 0 P A5 05 A T BWA 0 (Li et al, 2009) X
FgIS S IHA . ] Samtools(Li et al, 2009)
AT EEE , GATK(Ye et al, 2009)#E17 )57 & X,
i 5 o o (i RS IE SF AR B LA B SNP /N F Bodd A B
(Small INDEL) £  , #& 45/ QD<2.0][MQ<
40.0/|FS>60.0]|MQRankSum<-12.5||ReadPosRankSum<
—8.0” X} SNP AT g, 1B HAH) SNP {54k

i e SNP &2k 1 7E 5 I AR 15 1Y /& %5 B2 SNP
U5 /D B 53 Ak T e BE i BN P SNP, FESIETE A
FREFVR A 2S5 1Y SNP 22 (R 7E i JEE 1R SR
TR FR, S BRARXS Bl W A 35 15 S B Al T A
JE o AW R SNP kPR 1) SF- 4 RR 2 B B
(Average Euclidean distance, AED) (Wu et al, 2016)&
e SNPs, Bk vk 245 L % (Minor allele
frequency, MAF) KT 0.05 f1 0.1 i) 50K SNP, 7Eff
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542 &

TE R ) S0K SNP A B AL ¥ &) Bk 3%k A [] %% B 1)
SNP(SNP #4391~ 5K, 10K, 15K, 20K, 25K,
30K, 35K. 40K . 45K #il 50K).

1.3 EF SNPHIEE AT

A BF 9% fff il GCTA(Yang et al, 2011)(gcta_
1.93.2beta Wi A< ) i) GREML(Genomic relatedness
matrix restricted maximum likelihood) P i 22 i K 2
HL SR B5 (EM-REML) . F ¥ 5 B 4 8 L R %
(AI-REML)XJ {5 I Z P8 B SNP gt f% S AT
fii o EM 5302 1 Dempster 55 (1977) 8 H ) — At
S, ATERXTA B BRI B TR, RIS SN i
RAUSRA A o Bh 2 B0t 76 2 PR G it o3 Hr rh AR 3
i, EM B I B A SR AR SRS B 76 45 8 S50
FEAATHE R ST B R B R B, A
S8R RR AR LT R, EARLSR pR A Y B KA AR TS
X R . REML B Al L CE¥E B E)H
Gilmour %(1995) .Johnson Z5(1995) il Jensen %5(1997)
FR, BB R ALK pR B RAE Y 2 Al DL Y
Newton-Raphson 8.5 F1 Fisher’s scoring J7 k45 A i
Ky — ML (K B, 2007).

GCTA R AF A% 0 BRAN T Fir 7R 4 P TR G 15 2
(Yang et al, 2011):

y=Xb+Wu-+e

K, y RoREH, b FoR BE RN PR &) R
B, u RPN B2 R R, X B BE LA
TR 2T A SNP AL s X R B B0, e RoRFbL IR 22

Hrfr, u il e IR NATF IEZS 31

u~N(0, laf)
e~N(0, | 62)
| SA— nx n WA, nFoRHEARRE,
AT Z I AXFTIR
var(y) =V =WW o + | 57

W= (X — 2pi)/ 2 (1—- )

WS ij TOR AR AR IR [, x; 95 | A

0.04- 2
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(=}
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N
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T T T T T 1
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AMARE |4 SNP 12 2% S5 LR 95 DLEL, py 2

GCTA X} THEA AL AL 138 LA

L0 2P (% —2p)
ij_ﬁ; 2p (1-p)
SE XA SNP i S 1Y )5 2
0'(23: N 03
M. V=Gog+loZ

A, N & SNP {5488, G A AR K
FHE % (GRM),

5E X SNP jsiff Sy iyt A A=

hawe =0/ (06 +&2)

XK E ORI FRFE O ERAL B 215 MRS HEA
PEAT i 38 0, 3R A — 4 B i SNPL M GRM
FFEJE, I GCTA ) 2 Fhisife S 5ih it Jrik
(AI-REML #il EM-REML), MM IE, £H%F
PiiISPE R g, iR IR % EE SNP R 1) SNP
AL Ak THE B G AR K1) SNP gt A% T3 Ak THE

2 HRE5HW

21 FRSERBENREBIESS

M 215 A 2R AE K 0505 5 LR
MR 25 26 (18] 1) T LA, A ST [ i3 1) 1)
ISP B BT A IEAS A, R0 29 L 4L
EPERAN Z IR IR BT s . R E 1a P BLER
YRR KT 60 BMA, H EZEPTE IS
Ui RIS MRS Wl gt iR, ik, #IH R MASS
AL nlminb PREL, XF 215 MREARBHRHTIRA LS
RSB BRI TH(E] 1b), S5 EoR, FEARIE
BT 2 N IESSREME 39.8. 2 6.79 Fil¥y
{H 54.35. 77 10.9)MEMEIUE, AT FEZ
PS5 RIS ARG O o HE— 2540 8 AN [a) sl iy 5 )
SRR IEEBHRCE S . PE/ANE L ILARMEER O .
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Fig.1

True frequency histogram and probability density curve (a) and optimal fitting of

a double Gaussian distribution (b) of papillae number for the 215 A. japonicus samples
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WL B | RGN O ) 5 22 R AR (b k2 2 £
SHRE Wit 2 50), IR R ttest BB Lk 2 4
FEATE AR AT t 06, 455922 7 W3 (P<0.01),
HRAfE bR e RURIHE S A 25 51, ANBIF G0 K A [R) st 3 ) £
FISFER S R IEH BERS 200 AR, JR7E SNP ikt
& Sy AT AR BT R AR 52 0, DA B AR 43 2 %o
SNP 5 4% Jy Akt i 5

22 fARIBEEHE SNP EE AT

AHIFGT 4 3 PR AL F I o B A, GC A IE
Xof & DR 4H B 7 56 BE g 90%, T i SNPs S 2y
9500 54N, (A GCTA (% 2 #f REML 43415 i
(EM-REML Fl AI-REML)X} )5 3 2 ¢ /& $cie 1 184%
PEATPPAR AR [l 28 B . R [ R 2 A5 A 3 DRI 3 i
VEAMETR , AN ST A5 20 0 15 il 2 90 4l SNP
WAL G THE . &P 2 ROy A B 8L At

HZEFW/NGE 2, ] 3), UEARBFFE R 8 ik
ARG RRE M . TR,

BRULZ AL, ARFFRXSAF R SNP 4544 F s
RIZPE B SNP % Al HESE T I, 45/
N, 24 MAF>0.05 (3 2), AN[F%E SNP &4 F 14
F RSP 0 SNP 5L 1Al 1T YI{E M (0.566+
0.022)~(0.612+0.003), SNP %=/t 5K. 10K i}, 4
FI SNP 5 AZ T 1148 73931 2 0.567+0.022 ,0.588+
0.011(AI-REML)HI 0.566+0.022. 0.587+0.011(EM-
REML); SNP ¥Uit7E 15K~50K W}, 1555848 Sl
TFMEANE TR B SNP it ki FEsE K, H
BT HaE s SNP i N 50K i, 183 SNP 514 /)
T EE R, 98 0.612+0.003(AI-REML) Al
0.611+0.003(EM-REML), 2§ MAF>0.1 A} (5 3), A
HRE SNP 5140 15 2010 05 S0 R £ SNP 8% )
A3 18 4 (0.586+0.015)~(0.615+0.016) , SNP %7

xR 2 HFRBKEEEHE SNP EEH(MAF>0.05)
Tab.2 SNP heritability estimates for papillae number in A. japonicus (MAF>0.05)

Numberof P Amsontenod V@ V@ v wisp P
5K Al 44238 33.853 78.091 0.567+0.022 <0.001
EM 44.174 33.924 78.099 0.566+0.022 <0.001
10K Al 45.734 32.071 77.806 0.588+0.011 <0.001
EM 45.671 32.143 77.814 0.587+0.011 <0.001
15K Al 46.747 30.142 76.889 0.608+0.024 <0.001
EM 46.691 30.208 76.899 0.607+0.024 <0.001
20K Al 46.585 30.576 77.161 0.604+0.010 <0.001
EM 46.528 30.643 77.170 0.603+0.010 <0.001
25K Al 46.830 30.147 76.977 0.608+0.005 <0.001
EM 46.772 30.214 76.987 0.608:0.005 <0.001
30K Al 46.553 30.796 77.350 0.602+0.005 <0.001
EM 46.495 30.864 77.359 0.601:£0.005 <0.001
35K Al 46.630 30.482 77.112 0.605+0.006 <0.001
EM 46.572 30.549 77.121 0.604+0.006 <0.001
40K Al 47.019 29.912 76.931 0.611+0.009 <0.001
EM 46.962 29.979 76.941 0.610+0.009 <0.001
45K Al 46.887 30.140 77.027 0.609+0.002 <0.001
EM 46.830 30.207 77.036 0.608::0.002 <0.001
S0K Al 47.052 29.827 76.879 0.612+0.003 <0.001
EM 46.996 29.893 76.889 0.611£0.003 <0.001

W V(G): 3tfET5 255 Ve): BRZET2%: Vp: FAJ2; h* U3 SNPgife Jy; Pval BRI P {H, P<0.001 F%

2SR E . TEF

Note: V(G): Genetic variance; V(e): Residual variance; Vp: Phenotypic variance; h* SNP heritability; P<0.001: Correlation

was significant at 0.001 level. The same as below
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R 3 ARISEREEHE SNPEEH(MAF>0.1)
Tab.3 SNP heritability estimates for papillae number in A. japonicus (MAF>0.1)
SNP it ﬁ%;jﬂi V(G) V(e) Vp h*SD Pval
Number of SNPs Analysis Method
5K Al 46.005 31.643 77.648 0.593+0.026 <0.001
EM 45.943 31.712 77.655 0.592+0.026 <0.001
10K Al 46.098 31.231 77.329 0.596+0.017 <0.001
EM 46.039 31.299 77.337 0.595+0.017 <0.001
15K Al 45.593 32.107 77.700 0.587+0.014 <0.001
EM 45.533 32.176 77.709 0.586+0.015 <0.001
20K Al 47.043 30.032 77.075 0.610+0.003 <0.001
EM 46.984 30.101 77.085 0.610+0.003 <0.001
25K Al 46.885 30.120 77.005 0.609+0.005 <0.001
EM 46.830 30.185 77.014 0.608+0.005 <0.001
30K Al 47.230 29.590 76.820 0.615+0.016 <0.001
EM 47.174 29.655 76.829 0.614+0.016 <0.001
35K Al 47.135 29.666 76.801 0.614+0.003 <0.001
EM 47.080 29.730 76.810 0.613+0.003 <0.001
40K Al 47.212 29.634 76.847 0.614+0.004 <0.001
EM 47.156 29.700 76.856 0.614+0.004 <0.001
45K Al 46.987 29.928 76.915 0.611+0.004 <0.001
EM 46.930 29.995 76.925 0.610+£0.004 <0.001
50K Al 47.208 29.631 76.840 0.614+0.001 <0.001
EM 47.152 29.697 76.849 0.614+0.001 <0.001

S5K. 10K, 15K A}, 53 /)sE Sl a5 5 A
0.593+0.026. 0.596+0.017. 0.587+0.014(AI-REML)

- 0.592+0.026

0.595+0.017 .

0.586+0.015(EM-

REML); SNP i 7E 20K~50K i, 75 3 43844 1A
HHMEAR S TR BE SNP 814 A E kK, H
BT FasE; SNP ity 30K i), 1554 SNP j5tfL
it R, 43R 0.615+£0.016(AI-REML) I
0.614+0.016 (EM-REML), Jf H.24 SNP % 7£ 35K .

40K, 50K B 75 2] pY it fL A H e 5 5] 0.614,
23 FRISHEBHELEMAKKTE SNP EEHEIT

HR i © & 2= 1445 00 = 56 DR 4 st A% 2 B T 3
LI 22 S EITRE(Tian et al, 2015; Li et al, 2018),

AN Scaffold PFEERIYL AR, FEXH S
PE LB AT YL AR K E () SNP 3345 T Ak, X
R SNP st Al HE R R BE #EA T [R5 53 H
(F2), 2508w, 75 AR SNP L G THE
/N, 4 0.085(MAF>0.05), 0.094(MAF>0.1); 2 5
Jeta fA iy SNP st fL S AliHE K, H 0.598(MAF>
0.05). 0.599(MAF>0.1); 14 5 Yo A B /)N, SNP
WAL S HE M 0.269(MAF>0.05) . 0.282(MAF>
0.1); 1 SYERKERK, SNP @& IEiHE R

0.522(MAF>0.05). 0.526(MAF>0.1), 7£ MAF>0.05
I MAF>0.1 55T, 5~ e R (9 TR A B
T, KM R B B W0 2 M B (P<
0.05), HigtfE e/ NG 7 5 L R R B e

/NH 14 5 G PR i B 2k 1 [ A
Wit

183 A% 7 I S e AR 5 A% RE D RN B T g AR

3

2R, WA B R AL SR T B T S A

T DR R B AR — PR A 2

.
i}

MAFESE o A

T AR SNP 3L 01, B e B0 e — 4158
FHEG SNP., i X 46 SNP, — T B f2 P> 45 1F
B—, THIERY SNP JE XA FN AL S b 2k
SNP, 3R] LIAR 75 it i B6 3L K] SNP G i F F
Gan Rl = U107 N~ £ [ @ a o OO apE ) IOy
W) SNP i S, M SNP A G E

A~ EL
o,

Ha

>N

TIERG 2 5 . Hulsegge 55 (2013)K

LD #Y r>>0.30 VE M SNP By EE, Z5REW, 16
PR AR R B P B T B R, XA RUBE R T i
SNP, 1] LLH i BEAR AT TS SNP ARic A% . [RIAT,
T B S E R A SNP, i vk i 5 A9 SNP 1]
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Fig.2 Chromosome-wise heritability estimates for papillac number in A. japonicus

a: MAF>0.05; b: MAF>0.1. X7 Rm B QORISR E T s THE; SRR O RE L 70 e AR B i e 11 13
The numbers show the heritability point estimates of each chromosome. The solid lines plot the linear regression of
chromosome-wise heritability against chromosome length

PRI R Ge it 4845 Filan, Hulsegge 5%(2013)43
SIE ] Delta(F AR B) 45 407 FE PRI A 56 1) 48 XF 25 5% )
Wright(1978)f¢) FST LA M Weir %5 (1984)f¢) FST iy £ b5
05 B ARUR . 15 B (Entropy)(Mitt et al, 2017)
2 SNP 15 B =I5 br . ASHFGE R SNP LA
i 3R ) - 35 Wk R B9 (Average  Euclidean  distance,
AED) (Wu et al, 2016)K /i it SNPs. &4k TA/ER AR IE
SR LK (=% T Svivd (=S e s 4 =10 B i R X L B o2
AR 2 B SNP Fric.
E AR 119 43 2 R0 23 % 3t A% 3 A 6 0 ot 4
SO o ATFGEARYE 215 A5 il S AR 2 B0 i A5
P TT EIFIME AR B2 (B DRI R SR A 23
MRS, —2 ok A v B Rl E 5 BEA), 59 —28
S A % i LA K b B 5 R B 2 58 i R (2 0 R B
Yo FTHEI A FH AR 2 X — P R AR N P AE s A7
MEIE, JFASE] TR E LS S, UEAAHE 5 il A9 4 1K
PE T HE ARG T 3T GCTA 193 fe R 20 i)
SK ¥ (EM-REML) F1-F- 2515 5L 20 S L 9K 1% (AI-REML)
XGRS P R E 1) SNP L it A hit, mAfiT
HZEHGR 2. £ 3)TH, kAR SNP #iE
AT A B B RS E AT (5 B . R, o B
QO HE KR, i MGG kAN B i = %)
Z By BRI 38 AL 51, A5 3005 302 P O A2 ) EX
gt 11 0.191~0.404 A5 GCTA B REML
SRR B T 55 A e R L SRR i asAE
FETHE, DERHPE R B 32 B kv p Pl X

RIS AR ). Wi b A SNP
RSP R SR SNP 3L Sl i, &Y
SNP U 7E SOK B}, £533]0stfL itk EH C ik )
g, UiHH SOK SNP %5 B R U84l S5 i MR S [
JAE (QTL) KRN FI/INRLE , UESE T AIREE E SNP ] F1fE
R Rt e 2 O K K O 1 e e S KX it c i
T, Wu %5(2016)iE 10 it BAIRE L SNP i i, XF
B AEAG T A HERRYEBEATVEAS , AR T RS HERR O 45
W, WIESE TR E SNP o H N T EFynr
SEME. BT LR AT REAR B EOR  E, EE L
500 LA - (Yang et al, 2010), AHFSEAIREA N 215,
Gt mE/D, K5 FEG R — R
%, AR g5 RS s B R BT AR, 2010, AR
4, 2017)—3 . JRZ: TR KEEAR G a1 705 )
SR AR BB AL TP

A FEAE G AR AT X 1 S0 12 8 SNP st
e AT AE T 2), $REEMRE A S RE R . 45
Ron, (iRSRE0ER— B 2 EaE R, A
YLtk b2 s S8 T il S R 8t A R, 5
I PRAF I RN 57 A5 BBOA T A5 Y Ak b, BB T3
I EMF AR TFB, fEaiNg T4k SNP fyE
Bk, B Y IR TR AL B A G, RORTE
REAGLER AT REA 24 /N8 SE RN 1 AR 5, AN
/DR EA BB AR . Goddard 4£(2009) X T
Ko 2R B 7 0 4l B i B 45 Rl S Hr X —
ik, zdiERR, MRS ARKMBENE, (i
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Estimating SNP Heritability for Papillae Number in
Sea Cucumber Apostichopus japonicus

NI Ping', REN Qiang', WANG Jing', DING Jun>", CHANG Yaqing’,
WANG Yangfan1®, HUJ ingjiel, BAO Zhenmin'

(1. Ministry of Education Key Laboratory of Marine Genetics and Breeding, College of Marine Life Sciences,
Ocean University of China, Qingdao 266003; 2. Key Laboratory of Mariculture & Sock Enhancement in North China’s Sea,
Ministry of Agriculture and Rural Affairs, Dalian Ocean University, Dalian 116023)

Abstract The estimation of heritability is a fundamental task in the selective breeding of aquatic
animals. With the development of sequencing technology, the estimation of heritability based on single
nucleotide polymorphism (SNP) markers has been widely used in breeding since it is more accurate than
the traditional method. In this study, the genome-wide SNP heritabilities for papillac number in
Apostichopus japonicus from different geographic locations were estimated, and the results showed that
the estimated mean SNP heritabilities with different SNP densities at MAF (minor allele frequency)>0.05
ranged from 0.566+0.022 to 0.612+0.003, and the estimated mean SNP heritabilities with different SNP
densities at MAF>0.1 ranged from 0.586+0.015 to 0.615+0.016 when sampled uniformly on 50K SNPs,
indicating that SOK low-density SNP markers are sufficient to capture both large and small effects of the
quantitative trait locus. Chromosome-wise SNP heritability estimates showed that the contribution of an
individual chromosome was significantly correlated to its length, suggesting that the papillac number is a
complex quantitative trait with effect sites scattered across the chromosomes and shared by multiple genes.
The results of this study provide a theoretical basis for the design and development of A. japonicus
low-density SNP chips and the evaluation of A. japonicus genetic parameters.
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