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Supplementary Figure 1. Data landscape. a, Scatter plots displaying the
correlations between the EBV and DRP for nine traits. b, Curve plots illustrating the
normal distributions of DRPs for nine traits. ¢. Bar charts showing the birth year
distribution within the reference population. d. Venn diagrams depicting the shared
SNP counts among the three SNP panels. e. Box charts represents the SNP spacing
distribution of the three types of SNP chips.
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Supplementary Figure 2. Imputation Performance for SNP chips. a. Line plot
showing the effect of MAF on imputation accuracy. b. Box plot comparing imputation
accuracy; *** denotes P-value < 0.001 (Wilcoxon test).

MY FY

jrssaLnesore UrLrs575Rp 1™ ——" ARS-BFCL-NGS-493%
™ ARS-BFGLNGS 118998
. frre oo - pi
= oz e v paliada i TLE S
Ik i JRAB—
“govineriDoto0os1524
g £
B z
- ]
H L BownetooBhoozessz
-3 a
F3 -
@ 200 ®
oo g pisess
Bownet s, Hapmap42736- EYA—W."&_’Mj
o - 0 e e s o ol oy 2
> Am!s“‘mﬁ"’m,’r AT hy ) H
— srsaroL s 147

PY

FP

ARS-BFGLNGS-45

.
BovineHD0500009557 ) 4 inaHDOS0R004004
vmennn‘smwaa's
o 4y L g b
R by i Wy M
P
o o . Lo
z earstono: f z
S P 5
= Coumerorzcaorssos 2w
g H
s o A —
H] s | CaunenD3ooseS
a @ BovineHD1400018889
e Soumenotcaootsr
. mowepfooncess | L oo < il e
. st o
Soumenorasaorsret
& o721 0075
UFLs13443244: Hapmep30381-8TC-0057¢
B
A R etz o3 4 s & T 8 8 oM RumEvmBmaz u x @
" BovieHDO4000OT 750~y - ARS-BFGLBAC-23853 BovineHD2900013901_ -
Soumenostcaooss25 - g .
o s it e o RO
o i) o s ™
DI @ oozt
s arsorcLids s
prpmapszssasasocsess .
z £
2 BovineHD140001886 Hapmapd79T§BTA:50226_ -
— P PO ... e e HERTES TAS g E
g o s Y i -t R e
s  oseozo0000251 H
G | amssrouissss SOt .
B
“
ARs arcLnGS.403
e BTA-121739-n0-
B
1oz o3 4 s 6 7 8 s Mom B umwTwBNHZ o x etz 3 4 s 6 T 8 s o mom muwumETBEBDA2 u 3 ®
0

BovinaHD 1600025742
o, Hapmepd025BTA62548

~ 02 sovnsHoogo0eatass
8o Hm 00001525

J Y o

e
PpS—
BTAS1: {3 le “BovineHD4100002257
= J f £ o0 Mo 4&»
W‘“"*“ MWWMW Sk i Akl
H $ Em Hmwaono 0 ARS BEGLHM ~ 5701
< o o oz
» L » 02 ARS-BFGL-BAC-20043° ine! mw{mm 17
. Hapmap51181-8TA-18600"
| pontoranzt
ARS-BFGLNGS-231 04, “ARS-BFGL-NGS-100502
e
"
G1 T 5 4 8 47 8w m s wme e ng 4w e Gt 2 3 4 8 6T s mmanuu TR NG W %@
o
02 Le "?" 0018 BovineHD2400000063,
—
“
S “ﬂ
2 W L L]
ol
:
2 o
H
G
0z “BovineHD0300034314 Ll
—
=,
. JR———

Supplementary Figure 3. Manhattan plot displaying the SNP effects of nine traits
estimated by BayesBn.



Supplementary Table 1. Lambda value of GWAS for nine traits

Traits Lambda
MY 0.958+0.005
FY 0.95+0.005
PY 0.989+0.006
FP 0.952+0.004
PP 0.901+0.005
SCs 0.965+0.005

CONF 0.983+0.006
MS 0.993+0.007
FL 0.975+0.006

Supplementary Table 2. Significant SNPs identified by GWAS

Trait MY FY PY FP PP SCS CONF MS FL
Chr3 1 8

Chr5 2 2 8 24 1

Chr6 2 4 1 1 26 3

Chr8 1

Chrl10 7

Chr12 1

Chrl4 36 9 43 114 58 35

Chrl5 1

Chrl7 3

Chr20 20 7 51

Chr23 1

Chr26 1

Chr29 7

Total 61 16 55 147 159 39 1 0 0

Supplementary Table 3. Go terms of genes identified by GWAS

Description GeneRatio pvalue qvalue genelD
acetylcholine receptor regulator GPIHBP1/LY6H/LY6E/LYPD2/
activity 5/155 6.14E-08 7.34E-06 SLURP1

neurotransmitter receptor

regulator activity 5/155
signaling receptor inhibitor

activity 5/155

ephrin receptor binding 3/155

potassium channel activity 6/155

6.14E-08 7.34E-06

8.53E-07 6.79E-05

1.03E-04 6.17E-03

7.54E-04 3.60E-02

GPIHBP1/LY6H/LY6E/LYPD2/
SLURP1

GPIHBP1/LY6H/LY6E/LYPD2/
SLURP1

EFNA1/EFNA3/EFNA4

KCNK9/HCN3/KCNN3/PKD2/
KCNS2/HCN1




Supplementary Table 4. Prediction performance of 11 methods in 5 replicates of 5-fold CV

Indicator Trait GBLUP WGBLUP_BayesBpi  WGBLUP_GWAS  WGBLUP_P-value DPAnet BayesA BayesBpi BayesCpi BayesR KRR hyper  SVR hyper
MY 0.524+0.004 0.534+0.004 0.539+0.004 0.517+0.004 0.505+0.004  0.544+0.004  0.543+£0.004  0.541£0.004  0.545+0.004 0.524+0.004 0.501+0.004
FY 0.495+0.004 0.509+0.004 0.508+0.004 0.481+0.004 0.484+0.005 0.514+0.003  0.513+£0.003  0.512+0.003  0.516+0.003  0.488+0.004  0.485+0.004
PY 0.496+0.003 0.496+0.003 0.494+0.004 0.473+0.003 0.474+0.004  0.5£0.004  0.496+0.004  0.498+0.003  0.497+£0.003  0.489+0.003  0.486+0.004
FP 0.574+0.004 0.624+0.003 0.633+0.003 0.605+0.004 0.604+0.005  0.645+0.003  0.653+£0.003  0.639+0.003  0.656+0.003  0.572+0.004  0.505+0.004
Accuracy PP 0.631+0.003 0.646+0.004 0.676+0.003 0.648+0.003 0.641£0.004  0.679+0.003  0.689+0.003  0.679+0.003  0.69+0.003  0.626+0.004  0.562+0.004
SCS 0.487+0.004 0.5+0.004 0.503+0.004 0.48+0.004 0.46+£0.005  0.509+0.005  0.509+0.005 0.509+0.005 0.511£0.005 0.485+0.002  0.456+0.004
CONF  0.721£0.003 0.721+0.003 0.714+0.004 0.675+0.004 0.721£0.004  0.718+0.003  0.718+0.003  0.722+0.003  0.721+0.003  0.705+0.005  0.721+0.004
MS 0.659+0.006 0.658+0.006 0.647+0.006 0.61+0.007 0.659+0.006  0.656+0.006  0.653+£0.006  0.659+0.006  0.659+0.006  0.657+0.007  0.67+0.006
FL 0.834+0.004 0.834+0.004 0.824+0.004 0.801+0.004 0.844+0.007  0.838+0.005 0.826+0.004  0.835+0.005  0.833+0.004 0.867+0.004  0.875+0.004
MY 0.998+0.009 0.996+0.009 0.904+0.008 0.711£0.006 0.833+0.016  1.019+£0.009  0.975+£0.009 1.017+0.009 1.016+0.009  0.809+0.006  1.085+0.009
FY 0.991+0.012 0.99+0.011 0.894+0.01 0.688+0.008 0.832+0.013  0.971£0.009  0.974+0.01 1.009+0.01 1.01£0.01 0.761+0.007  1.048+0.009
PY 0.99+0.009 0.988+0.009 0.883+0.007 0.68+0.005 0.806+0.01  0.993+0.009  0.965+0.009  1.01+0.009  1.012+£0.009  0.763+0.005  1.039+0.008
) FP 0.994+0.008 0.99+0.006 0.933+0.006 0.757+0.006 0.924+0.015  0.983+£0.005 0.981£0.006  0.995+£0.006  1.002+0.006  0.877+0.006  1.045+0.009
Unbiased PP 0.986+0.008 0.985+0.007 0.922+0.006 0.767+0.005 0.919+0.017  1.047+0.007  0.972+0.006  0.996+0.007  0.999+0.007  0.921+0.005  1.093+0.009
e SCs 0.991+0.012 0.99+0.013 0.866+0.011 0.642+0.008 0.803+0.013  0.958+0.012  0.972+0.014 1.017+£0.014 1.017+0.014  0.703+£0.004  0.966+0.01
CONF  0.998+0.008 0.997+0.008 0.912+0.008 0.726+0.006 0.901+0.009  0.985+£0.007  0.995+0.008  1.022+0.008  1.026+0.008  0.815+0.006  1.053+0.009
MS 0.99+0.012 0.988+0.012 0.883+0.011 0.687+0.009 0.894+0.013  0.974+0.011  0.979+0.012  1.011+£0.012  1.015+£0.012  0.792+0.008  1.055+0.01
FL 0.991+0.007 0.99+0.007 0.911£0.007 0.764+0.006 0.854+0.009  1.103+£0.009  0.968+0.008 1.018+0.008 1.016+0.008 0.956+0.005  1.048+0.005




Supplementary Table 5. Prediction performance of 2 machine learing methods in 5
replicates of 5-fold CV

Indicator Trait KRR _default KRR _hyper SVR_default SVR_ hyper
MY 0.348+0.004 0.524+0.004 0.459+0.004 0.501+0.004
FY 0.318+0.003 0.488+0.004 0.421+0.004 0.485+0.004
PY 0.315+0.002 0.489+0.003 0.431+0.003 0.486+0.004
FP 0.417+0.004 0.572+0.004 0.468+0.005 0.505+0.004
Accuracy PP 0.48+0.002 0.626+0.004 0.523+0.002 0.562+0.004
SCS 0.326+0.004 0.485+0.002 0.41+0.005 0.456+0.004
CONF 0.446+0.005 0.705+0.005 0.655+0.005 0.721£0.004
MS 0.406+0.007 0.657+0.007 0.611+0.006 0.67+0.006
FL 0.606+0.004 0.867+0.004 0.873+0.005 0.875+0.004
MY 0.27+0.002 0.809+0.006 0.732+0.007 1.085+0.009
FY 0.248+0.002 0.761+0.007 0.656+0.008 1.048+0.009
PY 0.244+0.002 0.763+0.005 0.687+0.005 1.039+0.008
FP 0.327+0.003 0.877+0.006 0.724+0.008 1.045+0.009
Unbiasedness PP 0.382+0.002 0.921+0.005 0.795+0.006 1.093+0.009
SCS 0.217+0.003 0.703+0.004 0.593+0.008 0.966+0.01
CONF 0.288+0.003 0.815+0.006 0.756+0.008 1.053+0.009
MS 0.263+0.004 0.792+0.008 0.74+0.008 1.055+0.01
FL 0.404+0.003 0.956+0.005 0.985+0.005 1.048+0.005

Supplementary Table 6. Average computing time to complete 5 replicateds of 5-fold CV
using different methods

Model MY FY PY FP PP SCS CONF MS FL
GBLUP 38.13 37.64 37.46 38.63 38.67 37.20 36.52 36.44 35.91
WGBLUP_GWAS 39.99 40.61 40.26 40.28 41.08 40.06 40.06 39.36 40.15
WGBLUP_BayesBpi 40.94 41.01 41.38 41.31 41.86 41.24 41.01 40.27 40.88
WGBLUP_P-value 41.33 42.19 41.28 41.73 41.96 41.12 40.76 40.43 40.94
DPAnet 37.15 38.08 16.99 26.15 19.03 30.78 30.99 16.18 22.45
BayesA 202.06 22474 23528 24090 24133 27474 20573 19252  209.02
BayesBpi 158.44  163.03 21232  184.17 181.70  191.88  221.72 22356  219.71
BayesCpi 141.16 17492  221.24 151.65 179.02 18726 22531 23231 22891
BayesR 211.70  208.07 373.31 208.36  190.00 260.89 332.85 33440 334.63

KRR 14.31 16.22 14.15 15.80 14.45 14.98 8.25 7.82 8.12

SVR 172.69  189.84  186.05 183.54 16239  181.03 71.06 67.41 68.36
GWAS 369.27  289.74  358.08 341.54 393.67 34234 21187 21818 217.97
KRR_hyper_tuning 22.11 22.14 20.15 22.36 19.49 20.88 11.98 12.32 13.37
SVR_hyper_tuning 471.62 60559  762.72  480.68  769.97 372.03 521.56 67338  582.36
DPAnet_hyper_tuning 438.55  340.17 407.01 309.48 35433 38799 331.10 33510 33997




