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ABSTRACT

This research used the simulation program to identify individuals resistant to foot-and-mouth disease (FMD) using the QMSim
program. The simulation program was utilized to generate genetic and phenotypic data for individuals with and without FMD
immunity. Subsequently, based on the simulated data, a genome-wide association study (GWAS) was performed to detect
quantitative trait loci (QTL) associated with FMD immunity. Additionally, the QTLs identified by GWAS were compared with Random
Forest (RF) and XGBoost. Out of the 41,461 SNPs, which included QTLs generated from the simulation, a total of 20 markers were
found to be associated with FMD immunity. When comparing the performance of GWAS, RF, and XGBoost, RF identified the highest
number of QTLs (7), followed by GWAS (6) and XGBoost (3). Furthermore, GBLUP, RF, and XGBoost were employed to classify
individuals as either having or lacking FMD immunity. The classification accuracy, sensitivity, and specificity were evaluated using
a confusion matrix, and the results were compared. The overall accuracy of the classification was as follows: XGBoost 0.53, RF 0.52,
GBLUP 0.51. Sensitivity values were RF 0.98, XGBoost 0.97, GBLUP 0.19, and specificity values were GBLUP 0.83, XGboost 0.08, RF
0.05. XGBoost consistently outperformed the other methods in the overall accuracy and sensitivity, while GBLUP exhibited the lowest
performance. Therefore, the research suggests that combining various methods in an ensemble approach, rather than relying solely
on GBLUP, can lead to better predictions of FMD-resistant individuals. This approach has the potential to help mitigate the damages
caused by future FMD outbreaks.
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INTRODUCTION

AL &, HA], F 5o o] 2 sE50] 2 mie o] 2 ARz, FA| ol A H 72 de, I
7, 3,95 2 wgAtolo] 20| WAl 1@ A7) Lo} o] ZHadtt), Eet Al 8417} dofibnl Agh 79 HiAIE
chYu, 2014). o] AL W2 20} vpola] el A|e] wpol2|of ol 7helo 2 WAlstl, 7ol lo|a Ak Hol7t 44 2
7] wizoll @A7HA = 2| & Wi o] 71 Zl of HiAl-S E5F o o] F Q5HH(Grubman & Baxt, 2004; Suh, 2000). ‘5HEAM] E 5
o A% 8 el = SRRl A 0] o192 3 1] a242e) 7S el ek 591 104 00
PR A0 71 2 Y AZISio, o 71 A 18 S el DYl 7AS Ul £9 A
Sicktan, 2020, o1 Tet AloIo] 2 130] AL B o] B2 £-2 Efol 7] wjo] 3ol Felike
o] Kl5ks @ GA71 s} o] 23 el S0 2 S 7h] A s 2t oblet 873 49) mlahs obI2kckKim, 2011, o
ol fste] 7] AbxlHiol Folgh ATAE olsHgpAlA7 GAIA A Ul o F AEH|AS 22T 4 ckHeomin Park &
Jin, 2017).

ol2igt FAIA, HA1A wlelE Fo)7] sl A2 oflYstal Hejstr] 917t o] B a s Zlojoh AlAIZ o= = HA|TH Al
& B3t ol B, A ol gt A7F 3= A ATHNaderi et al., 2016). =l A= 2010~2011'A 14|29 Y o] &, 74|
o] Aurd 2 A2 ek Ao M | E5t7] 9ieh Hut it Algeold 2 7id 2.8 A7) 3= U3 (Pak & Bae, 2012),
TA|Hutol] Ao thet A& P o7= FHAE BAche AT = QUTH(Lee et al., 2015). E3H LA 22 A U] HARE
ol gk AE8H] 713 0= 7 715of QlojA] A A& ol tigh 24Hd E(variance component)AlS 58 Ao Tk
= o] FelEal Qe (Gowane et al., 2013). £3] Gowane 52 A% #A1 Fol| w2 4| B4 &l tigh 22 AR +
A Hpo|H A= 0, A, Asial S 22 7714 9] P o2 FEE 4~ Rl =t|(Yeo-Joo Lee et al., 2011), serotype 02] 749 17%2] 7
A3 HA, Atype?] 49 2F 3%, 12| 3L Asial 2] 739 °F 5%°] F-H S FRISHITE 55 £ W0l B 40] o] 2
A=A {734 Aol S7RRthe A2 14 382 A £ F8 T A A 2ol AF 23| 5232 A7
SHhe 212 oJu] Rtk Egger-Danner et al,, 2012). SHAIRE, of2{et A @A 2 S A} 22 5357180l 2sto] ettt
2 v} of2ick el Ao AP EHRT fUAABE ol &ato] UMM RAL Hgat Ho| B} 58 U
(Meuwissen et al., 2001).

Ary v PE2 Gk o m HEY o], ofe] FAAte] dFFe o, Md oA Blojubal, fat B kg akel oAt
80| ES15HA YEhY7| uloll GEBV 4ol A% &A417F 24 e 4~ Q) th(Blazer & Hernandez, 2006). 11312 O 2 Meuwissen 5
(2001)9] 8 =7ol|A] 27 Hief Zho], &5t Rel /7 A2 {744 BLUP(GBLUP) &l 12|11 - wjo] x| Qh R el-g -85}
QIck Tef), Mz e We] 49, SNPeH - §7 uhrle] sk Bfs] AL ) 4w 7 virle] Bo] 247t 8
Ch(Kramer et al., 2014). ©]2]3t 24| E EHﬁEV | ¢J3lA4 RandomForest(RF)2} 22 7| A|Sh5 2 Elo] AFEE|31 Qo o]} 72 1t
d52 B4 p¥A 2527 E2 EAES 71N R feature selection®] 7Hs5to] ni7| Aol GupAofeh= Havh eha e ot
(Jungmin Choi et al., 2022).

FAojF-o] Aol thst P ol 55}7] loto] AlEeo|Ad =T} mAle) 2 o]- 85 Ad-(Palaiokostas, 2021)2} F=2]
PRRS virus©l] tdt 2|2 AlE2l|o]d& Fall FATlol S o]-&-sto] thE A Xekg B| W sh= AL(Schaeffer, 2014) 52 22
AlEd|o]dE o] &sto] RIA| oS ARet A A7E =ik oAl o] At F E5] FAolE] Aol disl ol 5%
A FLo]| A<= genomic best linear unbiased prediction for threshold traits backend by Markov chain Monte Carlo (GBLUP-MCMC)2} thJst
mAal2dEe] Z3S v =0 XGBoost2t SVM, RF7FE7 H 9]0 Al GBLUP-MCMCHC 2F7te] o] & Zherh= AntE T
Flohuebs, 2 Ats A AFRH AT ES 7|22 HoA Y YB3 /95l GBLUP 2 9 et 7| Alghs Rdls 48
Slo] A7 L 82} EPA S Z8al 11 s el Zho] GBLUP 2 TFE A2 g 1ke] A2 v | weh= 7S Rsysich
18 A Lo]| A I Genomic prediction®]] 1] A SVM, XGBoost, RF, 12|11 CNN= °]-&5}0] B w3l ] HA4l2]d & =0] genomic
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predictione IA| FFAIZTh= AL ST, XGBoost= 523 SNPS A EiSH= 7]50] 2| of Q17| ufjiof] tf2 mAl2jd A
Aol A AFgBHe A& Stk R THXiang et al,, 2023). o]0l ZA5t0] o] dFollA QTL HE-S 93l thFat M4l
d = feature selection 7152 712 XGBoost2} RFE- 0]-&5}0] ALE 2y 3Tt

& @70 Fx= (1) GWAS 2 RFE} XGBoost?t 22 7| A8k Rlg Solf 1419 oo} wid QTLS PAsto] AlR7d=t
o1 QTLS A5 HAET 4= U=A] ZARRIAL, (2) GBLUP % RF, XGBoostS AF8-50] 4 4418-Z7HGEBV)S TLoto] LA W
J2o] Q= 7WA & cllSstal o] 5] HE/d-S vl wsto] ofH B o] {-8512] Flict

S
T A

T
+
fl
olt

wn

MATERIALS AND METHODS
1. BojAlsd

of 1Loll A= FMD (Foot-and-Mouth Disease) 4@/ 7HA|2] P2} 54, TBV (True Breeding Value)E +517] $JsliA]
QMSim Z 2 138-& A2-3Th(Sargolzaei & Schenkel, 2009). QMSim X2 183 o]-8-5}0] ZoJAlS] Xt F1/d 9] A|Lb2] 2+= Table
12} 2 2 Aol A B4 (parameters)+= Global parameters, Historical population, Population, Genome2] & 4 S&5=2 FL/4J%|of 1t
T Global parameter©l|A] heritability2} QTL heritabilitys A4 4= Uch. P 2ol ot AA| /-8 (heritability)> 0.362.= A7 5}
A Th(Leach et al., 2010). ¥1-8-A 0]l QTLO] A™H= QTL heritability= 0.30, L2 1 QTLO] A 5}A] £35}= polygenic 0.06
O = HAFC}. thZ- 2 F historical population 37FA] AT el F SPHE /9T 4= 7} Q=tl, 70| 427} ¥iskA] ek et 74
A 427} Wk A, 183 a5 Ao] dojd ot o] wl, 7HA|2] 427} KIS historical population FTHo] 7 Zx1&0] W

= Z7KRachwicha et al., 2022)2} A& Ho|E| 2 AW g4 o] = 7iAj|o]] sl A-cF A3 ATKS. Naderi et al., 2016)2]
AU @ 5 Zrarstol A 2dFiTt. WA 52000k = AJZFsiA] 10004 TH7F 2L 10,4000H2E /3 oHA] AASELAL, mEAF Al
°] male®] 5 400 1] 2 I3} Population & SMITHE FAI3 L, founder?] female 10,0009+H], male2 4001+2] 2 historical
population©l| 4] %12} (random) 2.2 HHSH= 2 0 = A 45Tk 7HA|E Ax(cattle) 2 A| A F7| Wzl AHEQ] 45 1012 = F 3L,
ZH0] AH= 0.5, sire20] A E-2 0.5, dam 220 A& 022 2| g5I3ic 7i4] AW EBVZE &2 202, ZEf= Lo|7}
=2 02 AAF wHAZ (mating design) 23 (random) 2 A FATE. 34| (Genome) F-20ll A= o F Aol

Table 1. QMSim simulation parameter(continued)

Parameter
Global parameter
Heritability of trait 0.36
QTL heritability 0.30
Polygenic heritability 0.06
Historical population
No. of generation / population size 1,000/10,400
No. of males in the last generation 400
Recent population
No. of founder male / female 400/10,000
No. of generation 8
No. of offspring 1
No. of proportion of male progeny 0.5
Replacement ratio for sires/dams 0.5/0.2
Mating design Random
Selection design EBV/high
Culling design Age
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Table 1. QMSim simulation parameter

Parameter
Genome
No. of chromosomes 29
Marker positions Random
Marker allele frequency Equal
QTL position Chr4:56.7
Chr6:6.4,7.3,62.4,127.0,127.1
Chr7:854
Chr9:77.2
Chr16:80.4
Chr 20 : 66.5
Chr 29:0.294, 8.7
QTL allele frequency Equal
QTL allele effect Gamma (0.4)
LD Marker and QTL

Q3 et R EE Ak el f44 A at ko] Y2 QTL-2 FMDVCP(Foot-and-Mouth Virus peptide-induced
cell proliferation) 2 & 127§0]m, A 480l 171, 61l 571, 79H0l] 17], 9'Hol| 17H, 1651|174, 20531 174, 29%1 0] 27H $J]5H Ut
o] QTLO wha}t 4| o] M o] &= 77| Eabritkal 74 3itt QTL allele frequency+ =5 5L 5HA|, QTL allele effect+= shape
0] 049! ZrphR Ao A L2 oha AR o2 gt R o] AHE 9he-& 71Y5}7] 216H0] Illumina Hanwoo verl (company)©il A] 285
I AE 54 v 74, AAAQ] o], QA Q] TS A8 RTE AL Rk Y] T4 41,4497 0™, SNPL] 422} Zo](cM)
+ 3F-9] 54 tllofEl & Zarsto] 1~ 298171A| 2] A Aol 2] Fd FATHLee et al., 2011). ©] marker=2] %]+ randomdHA| A3 L,
maker allele frequency+ =5 5L 5HA A3t =35 0] markerst QTLAIC]of| Linkage Disequilibrium (LD)7F &/ = == A7 31
T}, LD% 5 markers Abo|ol] F2+9]7} obd AHIAIE Z2E0L QL= S 21| $tT(Porto-Neto et al.,, 2014). =, LD7} =] S €A
O At 4 o 532402 f35E= Zo] ofyet AT = 37 fHE Tl 7MYt 2 1510l A= marker?] 7 2]ol]
w2 LD g/ 7ol TAIE SRl AlE e o] MollA] S makert QTLZES] LD7F & A= =R E91517] 9J3 PLINKZ 2
T3 (Purcell et al.,, 2007) ©]&35}o] LDE 2 2 2743ch £3H GWASE o] &5f0] A1 M7} A Fo]Ql= QTLY SNPS
S}31 RF, XGBoost2} H| 3T & A7Lof| A sA|th & ubx| gl Alchel 10000012 & AR o2 o] 851t ZHY tolE & 7|&
O = 9] 5,000012]= 7| violz] Ao HA-S ZFA| AL 1= 7HA, U A] 5,0000F2] = A Hio] 2] Aof Y2 21l 91A] %=
WA= A8}, HA& 7FRA| 2L Q= 70| (FA ol 2] A] g2 70A) = 0, H o] gl 7HA| (Aol A= 7HA) = 1= 75t

Atk

2, ZH Xy QTL & SA4|2Y

1) Genome wide association (GWAS)

GWAS+E of2] Alsoll e #ATIe] f44 ¥ol & B|AEsto] B4 E4o|u ARat AEE]ojXl Ho| & FA4cr &
o] C(Uffelmann et al., 2021). HHF-2-2] GWAS®] T3k -2 case-control 417 & 5He o], o'l Aol = 7419 A
ghgoll QoM A& Zh= 7iAle A7 & 24| s 7HAI = Uo] AAIFITE GWAS 2412 215k GCTA(Yang et al., 2011)
AT EQo]E AFEFH O TFE 747 (Multiple-testing)©l] THF 2] d(false positive rate; FDR)S EA45}H7| $J5+0] Bonferroni 1.7
ARE3ITE. GWASZF 5t 2L sk /gl Ak {314 tol & AT 4= e A4St kol 2|9k dRlo] &&= Holek {2t
£ HF5HA 851 2] ZoFhTametal, 2019). 15 B.2H5}7] 15te] GWAS7F TG SNPE A A 191 S W o] 2he] 32 o linkage
disequilibrium (LD)7} QthH= 7MY 0. 2 8 &]= Z1& 0]8-5}o](Liang et al., 2020), o[ Aol A= SNPZHS] LDE &Rlgto =
A Aol 92 T QTLS Lty AE T 4 =A IR

12 rr
~
"
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>
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2) Genomic BLUP (GBLUP)

GBLUP-2 3714 Ao Fd3A AIstaL = k] SNp JHE &5t EH P3| A/ 5510 SNPY effect
5 F4s5ta, o] 58& & 4 §l= 7HAIQ] sSNe RS H}E*_i GEBVE F743h(Lee et al., 2022). ©] & X13J5}17] alA]
RENUMF902} BLUPF90 = 2 1388 AR2-3ith BLUPF902] i+ of] k2™, BLUPFI02 & 828 9|9 mixed-model =2 124
o]ty BLUPF900]] A}-8-3+ 213 m}2l-& RENUMF902. & BHs 4= Elt} GBLUPS 9ol AF& &= 45124 mul 2 ofgjje} Zic}

y=1l,u+Zg+e

1'nln 1'nZ
Z'n 2'Z2+G' %
g9

> =)

-1
1'ny

- o
THE o] that BB o] 1, 1,2 12 A E BE 1 overall mean, 7= SNPEIE EHH 220l A2 A)7]= Ay Ho|n,
92 DGV #E 0] 1L, e= 1A} B o|TH(Gao etal., 2012). GBLUPOII A= AR tiAl 7HA| ko] 5784 #AIE Uetdl= G
L5to] 8272 AL} BLUPF9OS A8t o, train T 8,00001H2], test X 2,0000}2] 2 A A 511 14| 2ol Hejo ]
& 71712 1A ke Aol 912 Ll 0Pl min B E 2 H ok HRY A7k B S e el
ik 9Jtha 71 3I) o2 A AlAKSH GEBV Zte] AsHe = 517 QlsiA] TBVSF GEBV ] AlHkA| = sholgict o] uf,
ofet 7|22 Al g0l L2 aslo] At utelold EAY 12 Y] U2l thil GEBVE Fa 7|2 A
ol LRt whebx), GEBVel tiig 7419 o] of o] 7122 7] SIal GBLUP S |1 o2
SITh train JTH] GEBVE 2H o] Mo o2 = o1} | 2 U S E 5= HEo| 2514 Hth o] 741 09
GfWQﬁﬂ”ﬂ%&ﬁﬂimﬂﬂﬂziﬂﬂqvawvﬂzwﬁi& 2 GEBVS] 342 7171 70
AR, =0 7S 747 A= W odS 2T Q) AfH| = BEsic)

o 4y
b ﬁzj i

oL o [ o [ i o
)
.
A=)
rg
_1&

o 2
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4o 8 Ho
ko
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3) Random Forest
Random Forest(RF)& &7, w4, 3|72y, YE2RA 5ol A 85 = BP0 8, JAPEH YR BES o ThEo]
o|&& oh= Z1& 52 9 2 $HK(Yoo, 2015). RF= & 74 A EE o] 83 thro] BAJof|A] JLE35] AREE 1L 9l RF=
JAAPURE AAJA 2 F SeAE ZAsh= e, 2 FeA S Wer| 9o 5H4 342 ofalje} 2t
=(6,T)

h(@)=h(0) <T

eks

L

Eirn _‘Tl.

=
A
T

10

O,
| .

h (@) = o)

lOIEH 2 pe 9F v jo 92z ool oetn|e o] &zhoe A

O+ feature parameter©| 1L, T-2 SHAIA h2 Z %
= 757‘4 SFHKim, 2017). 91714 A B 572 of Apdo] Amiwkgo] 4
O
=
i

A e
H 3 EZFo| 7pAF 2 mleln|g] 7S L Eo] B 2
2 2 2 9)L7) 223} 51 2 oln|sith AR 3 7] 95 = A E 2 u]E Yolof 5t=b, JE Zu]= BAMEE ojn]
510, QlE 27} Tk AL 1 Fho A o] T, 37] ol PrHe 212 oju|ghe). Q183 kol w2, HH B 5k A
H AE 212 A7 Hrhal 3HtkHongduk Seo & Kim, 2019). 0] A A E Zujof whe} 7P A3t afen|ej7t B= 218 3
9} o] 91 7Lof| A= RFS ho| 4 scikit-learns E-5)A4] AT trainT} test A THS GBLUPS 312 wiet S5t Ztho 2 glom,
AS9] FRGEe; Ao W o] {7 tlolE], Y 2] Hlo|E S ARETh RFOl| ARE-RF SNPRFQTL £ A H = AlE2o]Ad
o] ol A} TFSoiZl 9 A H Hlo|E]2 0,122 vHto] Za¥al 7)ol ZHH2] 4:n) X SNPF QTLE] 4x(p) 3712) lo]E] =)o
2 RHEof £A3ITh o] o]l BHA| RF sholu mietu]elQl ZHER| S| Tl e EE 225}] 917t H| A5t AE 4, BEe s

\_
_E_
il
EX
bl

lom

-
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7} =] 7] S1et 2 Agke] ME Hlolg 4=, ERje] )| ZlolE 275}7] oA GridSearchCV-E AFEFITE. 0] & ¥4 FQ = (Variable
Importance)e ol A] o] = 1427} o) A 5oll T8t JES shHeAlE AR &, od SN} QTLO| AX AP/ /-F& oS
Sh=d] 23HA] 243t 70| 11, o] & GWASOIA 343t SNPr} QTLY} B w3t =5 RFZ 13 GEBVY] A& e = GBLUPZ} v}
A7HA| 2 TV A 2 3T

_l

4) XGBoost

XGBoost= E g] 7|4t JAFE 7] A5k
dlof| Hhd5lo] A5 2| ASsk= 735t of| 22 &2 THETHWoojin Yoon et al., 2021). 91-8-8F w=Fof| w2 57| A7} 725 of|&E

352 oo} 2.

f>
e

ne)Zoln, o o5 RS S 0xjol /1FHE LAY R UG o 2

=3

ol

z = A(z) + Error

Erroro]] thsii A A EskA| &5k 857171 B2tal S (Error > Errors)
Error = B(z) + Errors
THA] Exror,0]l sl A] 42 8HA| 255k 85715 C2FaL RFHH (Error: > Errors )
Errory = C(z) + Errors
o] Al5& Al ZE o Aol tid kAl |ohH
Z = A(z) + B(z) + C(x) + Errors

Helrk

XOH]

oje} ot thEglom o] W2 A &3S u, sh57] AT 0 2 ARSI wiHT O H2 Y=
ShA|RE R E Hdlo] Zh2 H| &5 5hal o 77} Eobd 4= Qlok wetA, 7 Bdlof 7k & AL, 24
o2fjo] A3} ZHo] £ 2.5 wdlo] H Tk Youngjin Han & Cho, 2021). ©]Z 4] 341 XGBoost= T|o|E| S &5 }71] .

o X
e L

l

=2 ﬂ.I‘O
ofN R
o
W of

L i

Z=ax*xA(z)+ B+ B(z) +r*C(z) + Errory

XGBoost2] train} test T 9 o] EAHMH I} A 51A XYt XGBoosto| A = G- B, o] 579 tlo]E et T3 43
glo|EeE 7HA| 2l A S § O RF 12 uff ARSI dlo] g e YT 242 %18 3]'7] 2J5l A1 XGBoost2] o]
alatn|efQl Ee] BElo] 74~ g o E z|tf Zlo|, Z} E ] njt} feature A2 HIE, childol| A B o3 HE THEH|

of tf3t 7}=x] 9] H 4TS GndSearchCViE— o|-g3lA 243t o], RFLt T YA M S5 FallA| o] SNPQTLO| &
H 2] S5 of|&251=d| £ 2.5HA] A UT) =5 XGBoostS E510] J15F GEBVE] AEH T = REe SUSHRPH 0 7 Jalic)
5) A&k &3 (Confusion Matix)
=534 = 2

L B ndo] 458 X517 YsiA AFEHT i%ﬁcﬂ =2 TP(True Positive), FP(False Positive), TN(True Negative),
o Aoz

FN(False Negative) = L0 Aol vzt e Eo| = Z ofgfjo} 7+e Alo 2 18} 4= It}

. (TP +TN)
- (TP+FP+TN + FN)
- TP
(TP + FN)
S ¥\
K (TN + FP)
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e = A 27 tlolE F Positive?| Positive®, Negative”} Negative @ = HF 2| 278 A =& oJn|otH, rky o = vzt
== Positive(0)7} Positive(0)2 A 2 B5-% A& Eo] = Negative(1)7} Negative(1) 2 HIE2A] 255 A w2 ojn|gic} o] o
Tol| A E5 B2 python? scikit-learn &= FHZI positive®] Fhe A HA o] = 7HA|(0)= A FICE. thA] ot R =
+ 7AY Ho] Qle A Atk & &g, Eol== A|Y HYo] gl Ae okl 3t &-ES UERHATE GBLUP, RF, XGBoost
€ AHESto] GEBVE 8 &, AT 7|50l ofsto] 1A A 7111 ZHA|0)2 Sl 7HAI(DE BRA, o8 SHlEA £ &
EREA] EEFEE o] &l A, e, Sol =& H|uFTt.

]

RESULTS AND DISCUSSION

1. 1M HEo| FS DIXl= True QTL HE

ROl S Eoll A/3 7t 7HA| 2] SNP B True QTLY} A7 wtto| g 7ke] LD @/ o 78 ISkt ©A, niA & 2] A7
43 AE AZdA oz Ueidle 225 sl on, 2ata oz A7t 7ieldeS LD7HE A= A
[e)

1T
©
r_l

Aol A= LD7} 2FsHAIRE Q3, Q10, Q11, Q128} 2ol 35t LD7F 4 H o] AE = A Th(Figure 3).

Confusion
Matrix

True QTL 7|

XGBoost

Figure 1. A schematic representation of this study
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0 250000 500000 750000 1000000
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Figure 2. LD plot based on marker distance in this study.
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Table 2. Comparison of detection performance for true QTL using GWAS, RandomForest(RF), XGBoost.

GWAS RF XGBoost
1 Q11 on M40648(Q11)
2 Q10 Q10 M33431(Q10)
3 Q1 Q33431 M20412
4 M33431 Q40648 M12614
5 Q12 Q33430 M29863
6 M40648 M40649 M37953
7 M33430 MQ12 M7405
8 M40649 Q1 M10245
9 M40650 M40647 M14499(Q7)
10 M40773 M40646 M3248
n Q3 M40773 M19707
12 M10540 M40650 M36172
13 M40646 M40773 M2614
14 M40647 Q3 M14931
15 M10539(Q2) M10540(Q2) M5083
16 M40774 M10541 M24702
17 M10541 M5591 M21928
18 M7692 M12873(Q6) M12738
19 M7693 M12874 M7018
20 M7694 M373 M13349
Acc 0.5 0.58 0.25

2, 7Y ‘l". ZHA A o5 FE HII-'.
o] 1T

ojlatg Rl FAIY BEHFS o] &sto] 7hA|Y] 458 oS3t oS W2 GBLUP, RandomForest(RF), Z12] 11 XGBoost
£ ol-&sto] 7iA2] 53 5511, GEBVY @%PE% AIA| 857K True breeding value; TBV)2He] A1 S S5 H7Hict
GBLUP, RF, XGBoost= -3t Z} GEBV2} TBV2HS] /3 l%k% 71032, 0.35, 0.33°] Ch(Table3). ©|ZA| L3+ GEBVZFO.Z 2H #]
P& 7= 7IAIE s Qo= o] EA4= 7}11 = GEBVZtoll thgt 7|0l F a3t oof tish A+te v glo == 14|
o o] 75 Uirs MER 7|50 Zasttt A ELI BAY £AE 7|08 A HY o R E APFIoEE AR A
L 2= 7N 22 = 7hA1) GEBV 4t 5 S5 5= 2ol EAIsH| "ot o] S5 #tE S0 E e Ao gt A
ZJstoq, o] FHETE Fom HAo| gl=7HAE, o™ Ho] Q= 7HA| 2 EF5F3IT 11 o]F, GBLUP, RF, XGBoostE A&}

oA S A A2, e, Eo| & Hwsinh A o=

8l == XGBoost”’} 0.53, RE7}0.52, GBLUP7} 0.51 <02 H]|<=3}A] Lte}
RIZFE = REZF0.98, XGBoost”} 0.97, GBLUP7Z} 0.19 2.2 UENH T} E0] == GBLUP©| 0.83, XGBoost”} 0.08, RE7} 0.05
O 2 LFEFITH(Table 4). GBLUPO| Z¥FH 0 2 94517 ol & Aolatal ol ifet A} D], [Al| A&, RizhrolA] vla s o

-
o
_;

P
RS

Table 3. Correlation between TBV and GEBV calculated using GBLUP, RF and XGBoost

GBLUP RF XGBoost
Correlation 0.32 0.35 0.33

Table 4. Comparison the accuracy, sensitivity, and specificity of GBLUP, RF and XGBoost

GBLUP RF XGBoost
A A= 0.51 0.52 0.53
o] Fdar 0.19 0.98 0.97
Eolx 0.83 0.05 0.08
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