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Fig. 2 Flow chart of distribution parameters prediction

in Crassostrea gigas's condition index
3 ISR S5

3.1 IRPERGER LA RS L

FEF 102 7 AL S A5 B0 A K A 5 R AR X
AR E AT TR S5 AN 3 R . & Wik
FRIE e 5 MR LA 1 165 825 > SNIP {7 5, v i e 15
2 1 754 A7 A A BRI BHLA T R
0. 736, ZURRHIEE RS LA B 211 M SRR £
YL T [ SRR SO0 RE R 0. 784, Zid —ik

IR R )G AUV B _EAT /g B2 S T JF B
FIEZS (R AR o b WK R FRAR o il AR A 1) 2 248 J5E
INTREAAE R TR P /I N AL

1.0 2000
Y4 -
82 1500
o 0. -
& 04 1000
0.2 500

0
TR KRR
B3 —RAAEHRFNEEEENERER
FEAE 4 B AT L
Fig.3 Comparison of R* in ridge regression and
dimensions before and after two-stepwise

feature selection

3.2 FIH GGAM 1194y 4 Fiim
LT TR R PE1S 2 A SNP {7 i, i — 4
o 36 A SC T HE ST 19 GGAM 9 i I %50 5. Sk 45 3

5 BUREE MBI L AS SCHKSR A P B — 3k X B A
ZIK‘#ﬁiZ T o f5 J A5 2 SRR AR 1 K E A 5

2 H P E S AL E YA E RS R
0.994 1, FLELA & A EAF DX TE] A9 7 23 L REAS &
709 LA b B 4 S5 T TN 2 oo Al R A
i LS B /N B KA IR A TR HE 5 el
Sk o R F RE 36 . HErP AT 2 N RE AR B LR
AL A TIREA B (e ) 34, IR (2 g 25
W EAS Xy £30). WA 4 iR, 2406
2k 5 05 G il 2o FE AR T A U I B (E 1 LA 2
BT T K £ i 2 FE AR A BE T 4T £ il £ th
N S S NN NS s X v TS W
SERFAAR SCHY T 24514 T 70% LI B i REAR
e ERR Y.

15
—HE — 4 4+36:/0;-36;
10
~
5 fl\’\f o W\M’UW ’\N’ j\ MVV M
0 50 10 150 300
No.

M4 K RAER MRS B R, +
55 )T &

Fig.4 True value and confidence domain (z;+ 30,)

prediction curve of every Crassostrea gigas's Cl

value



98 X # ¥ L X

¥ o R 5 60 %

4 N5 AL T IR S B A5 U ) L

T kR R I A SO 1 A R o BT R
H GGAM J7 2 % K g AT 3 2 359 L 04 400 & 3
5 GBLUPM! | snnR'™ | Glmgraph' , SBL"® 45
Tk HEAT TR R U SR AN 1 s, NG 2R ]
LB B A SO s U 1 S b 1 4806 00 B2 R /)
)35 05 1R 22

F1 SHTEWNUSMLERA TR Z A
Tab.1 Comparison of R* and MSE for five methods

T3 i R? ¥io7 iR 2%
GGAM 0. 994 0.011
SBL 0.978 0.043
GBLUP 0. 940 0.114
snnR 0. 866 0.225
Glmgraph 0.692 0.587

XA 5 0 R R S G 4 SR kA A b T
. GBLUP J5 iEAE Ay 4= 3 PR 21 36 86 09 % O ik
PR AR SCHY Z R RFAE 36 5 97 45 21 (1% SNP 7 45
B, BE 0815 2 AL 47 A LG D0 B2 5 AR 34 Jr 2 22
GBLUP J5 i i L A8 F 10000 A 7 35t 1% J) 1)
I 0% 2% R I 1 722 6 6 A7 o 24 1 9 L (LA T
SRS D0 A2 JHCASE 70 255 g 1 1) 249 TG 35 8 A1 R AIE 4R 2
i Glmgraph J7 32 F) FH 1 25 ¥4 ofc 24 o0 i 2 11k [
VAR TSR A e K P /N N )R (E H A K 5
AP AL SO — k. snnR J7 15 ) 3 G 4 b 5
D2 1 T 1 o A UL ORG BE A T AR T (H B A B )2
55 SRR 1 2 FLRE IR O B . SBL 7 i
FHARBR T BER B Bm UG 00 B AR 2 2
TR 22 AR SO R R, A LR 7 123 HAEXT B
P PR AL 8 A T o G 3k e R ) 9 Bl A B A

A SCHY B GGAM X 4t g5 A v B2 ) 35 00
BEGR BT 0,994, A L I A 3 Fh 5 kA 45 4a 4 1
PR3, I Hik Be g X BN BEAS (9 7 25 17 VP4 . 78
TEFENE T R, B A A (R B IR 3 Gk i AR e T
FER MR — AT R E AR,
I 7 T 43 5 P R v 8 R A A T[] ol 5 2 5 ¢
FZREARARECR PR 1) ek R H R, XA
SR AR B X A R A 1 43 A T 28 AT T Y D
PR AR S0 s A T K g A S R L A 70 % LU
RIREARTE AN B AR X 8] Cu, £ 30,) W, X UL IH X T
THB 43 A W5 A S5 R 46 B0 Oy 22 Ak T R IE i
. R, AR SCR R 3 F T ORERAE S B 1 GGAM
PR JE LT T AN AW RE AR R BB S 2.

KAL) B A R B T A H (5 5.
5 & i

AR SR 4 S5 DR 21 B 436 7 6 K g A i
H AR Fa S HGHIEAT T . 15, T —on ik
AR ARG 8 X6 SNP A7 5 R AE 28 47400 W O a2, R
A BE S B TU A i 35 A7 05 32 3, LA [l 3 R
AIC MI4E A7 BT R AE e 4% R ER 5 K
g L 6 A EL OGP A SNP A7 05 80 IR A
TE B2 J5 SR (R 4 B K IR b T A
B A B30 i £ o 4k 225 ) o 36 B T B 1 (]
I i I 67 A L AA) i o S 3 P o e A A
WS 223804k SEBRE AR 5 REAR 2 ] 1Y 57
J7 24k LU AR H AR PR 09 5 i S50 R A
SCTTHE T 1+ B8 08 3R A 5 i K g A R X (i A
J7 25 W B DR AE L I 7 K 4 W05 B4 & R 07 18 5 77 5
Hh BRI 4 TET 19 2 2 A AR T O S IS
e L7 25 /NBIAS PR AT B 5w AR v A T
DAL B A A 5 7 i ) A B 22 57 3K 39 e /)N

2% 3K

(1] = #.% #H.¢x@.% HEFMHTEH

R LIl BT k%% CE % %K), 2016,
55(5): 624-636.
NING Yue, GUO Xiang, ZENG Zhinan, et al.
Progress on oyster breeding [J]. Journal of Xiamen
University ( Natural Science), 2016, 55(5): 624-
636. (in Chinese)

[2] MERCADO-SILVA N. Condition index of the
eastern oyster, Crassostrea virginica ( Gmelin,
1791) in Sapelo Island Georgia-effects of site, position
on bed and pea crab parasitism [J]. Journal of
Shellfish Research, 2005, 24(1). 121-126.

[3] MEUWISSEN T H, HAYES B J, GODDARD M
E. Prediction of total genetic value using genome-
wide dense marker maps [ J]. Genetics, 2001,
157(4) . 1819-1829.

[4] CHEN Li, LIU Han, KOCHER ], et al.
Glmgraph: An R package for variable selection and
predictive modeling of structured genomic data [J].
Bioinformatics, 2015, 31(24): 3991-3993.

[5] MAENHOUT S, DE BAETS B, HAESAERT G,
et al. Support vector machine regression for the
prediction of maize hybrid performance [ ] ].
Theoretical and Applied Genetics, 2007, 115(7):
1003-1013.



w1m FRRF AT2EEARFENKEYLHEE W 5 HTN T % 99

[6] WANG Y, MI X, ROSA G J M, et al. Technical Computational Statistics, 2010, 1(1): 93-100.
note: An R package for fitting sparse neural [12] AKAIKE H. A new look at the statistical model
networks with application in animal breeding [J]. identification [ J]. IEEE Transactions on Automatic
Journal of Animal Science, 2018, 96: 2016-2026. Control, 1974, 19(6): 716-723.

[7] HASTIE T, TIBSHIRANI R. Generalized additive [13] BIAUDJ, JOLLES B M, PORCHER R, etal. P
models [ J]. Journal of Statistical Science, 1986, value and the theory of hypothesis testing: An
1(3): 297-310. explanation for new researchers [ J]. Clinical

[8] QI Haigang. SONG Kai, LI Chunyan. et al. Orthopaedics and Related Research, 2010, 468(3) .
Construction and evaluation of a high-density SNP 885-892.
array for the Pacific oyster ( Crassostrea [14] BREIMAN L. Bagging predictors [J]. Machine
gigas) [J]. PLoS One, 2017, 12(3): 0174007, Learning, 1996, 24(2) . 123-140.

[9] GUTIERREZ A P, BEAN T P, HOOPER C A, [15] KEARNS M, RON D. Algorithmic stability and
etal. A genome-wide association study for host sanity-check bounds for leave-one-out cross-
resistance to ostreid herpesvirus in pacific oysters validation [J]. Neural Computation, 1999, 11(6):
(Crassostrea gigas) [J]. G3-Genes Genomes 1427-1453.

Genetics, 2018, 8(4) . 1273-1280. [16] WANG M, XU S. A coordinate descent approach

[10] SHABALIN A A. Matrix eQTL: ultra fast eQTL for sparse Bayesian learning in high dimensional
analysis via large matrix operations [J]. QTL mapping and genome-wide association
Bioinformatics, 2012, 28(10): 1353-1358. studies [J]. Bioinformatics, 2019, 35(21). 4327-

[11] MCDONALD G C. Ridge regression [J]. WIREs 4335.

Method for predicting distribution parameters of condition index

of Crassostrea gigas based on genomic selection

DONG Qingyuan'*, CAO Junzhe'’, ZHANG Guofan’®, LI i’ LIU Sheng’, GU Hong"'*?

( 1.Key Laboratory of Intelligent Control and Optimization for Industrial Equipment of Ministry of Education,
Dalian University of Technology. Dalian 116024, China;
2. School of Control Science and Engineering, Dalian University of Technology, Dalian 116024, China;
3.Key Laboratory of Experimental Marine Biology, Institute of Oceanology, Chinese Academy of Sciences,
Qingdao 266071, China )

Abstract: Genomic selection (GS) is a method for improving quantitative traits in animal and plant
breeding. By using genetic markers covering the whole genome of the species to predict complex
traits, it can help screen out parents that are more suitable for breeding. Based on the single
nucleotide polymorphism (SNP) locus information of Crassostrea gigas, a novel GS method for
predicting distribution parameters of condition index of Crassostrea gigas is proposed. Firstly, a two-
stepwise feature selection method based on different evaluation criteria is used to select SNP loci
tightly bound to condition index. Secondly. the selected SNP loci are used to construct a generalized
additive model under Gauss distribution with regularization terms for each sample to predict
distribution parameters of condition index of Crassostrea gigas. Finally, the method is compared with
other methods by employing the Crassostrea gigas data. The results show that the proposed method
has better fitting accuracy and more accurate estimation variance. Meanwhile it can effectively evaluate

the stability of sample traits.

Key words: genomic selection; single nucleotide polymorphism (SNP); two-stepwise feature

selection; Gaussian generalized additive models; Crassostrea gigas



