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Development of a DNA Kit for selection on growth
and meat quality at early stages in Hanwoo
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SUMMARY

(9% 2oH)

[. Title: Development of a DNA Kit for selection on growth and meat quality at

early stages in Hanwoo

II. Introduction and Goal of Study
Goal of study: Development of technology of DNA kit for carcass and meat quality for
pre—selection of genetically superior steers and cows that is applied in

efficient Hanwoo production.

III. Contents of Study

Phase I: Construction of Hanwoo reference population for molecular breeding and
development and analysis of high—-throughput molecular markers
- Construction of Hanwoo reference population (N=600) with information of pedigree,
DNA and phenotypes of carcass and meat quality.
- Development of lots of available SNPs and construction of high density SNP maps in
the Hanwoo reference population.
- Genome-wise association (GWAS) analysis for QTL detection and functional study of

the candidate genes that are related to carcass and meat quality.

Phase II : Cross—validation of the SNP markers for carcass and meat quality in Hanwoo
commercial population
- Evaluation and cross-validation of the SNP markers for carcass and meat quality in
large commercial Hanwoo population (N=4,000).
- Development of marker—assisted selection (MAS) program that combined marker
genotypes and marker—adjusted breeding values.

- Evaluation of MAS analysis when applied in pre-selection stage.
IV. Research and Development Outcomes

1) Constructed Hanwoo reference population for SNP detection and genomic selection of
carcass and meat quality in Hanwoo, and developed genetic evaluation programs that
were combined with marker-assisted selection and genomic information.

2) Characterized candidate genes for carcass and meat quality through Hanwoo genome
analysis.

3) Developed SNP markers for carcass and meat quality through GWAS analyses and
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established MAS system for pre-selection of genetically superior sires and steers,
and evaluated MAS response.

4) The Illumina 50K SNP chips were applied in the Seosan elite candidate sires and
steers (N=600) for WGAS analysis for carcass and meat quality, and additional
samples from the Seoson population (N=1,200) and Hanwoo commercial populations
(N=1,600) were used to genotype the 192 and 96 SNP sets to finalize a set of 55
SNP markers that are used for construction of the DNA (SNP) kit for the

pre-selection of Hanwoos with high quality in carcass and meat quality.

V. Proposals on Practical Application

1) The results from Hanwoo genome analysis, which is genetic resource for molecular
breeding and application in Hanwoo industry, will be shared with other Hanwoo
genome research programs.

2) The SNP kit for carcass and meat quality will be constructed to select superior
Hanwoo sires at an early stage through the application of Hanwoo sires testing
program.

3) The SNP kit for carcass and meat quality will be also applied to select superior
Hanwoo cows at an early stage through National Hanwoo cow testing program.

4) The Genomic Selection (GS) program will be applied in Hanwoo elite sires through
Hanwoo Improvement Program in Nonghyup to get more reliable accuracy of genomic

EBV in the progeny testing.
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GHE A5E SATAE A8 A 1 FEAARE ADEHUS

(5) 1=z} validation assayS &3l A =E 2xF contents®] genotyping assay
O A1 @%Oﬂ—?ﬂﬂ*ﬂ 4] 12} validation assay® E3) &= 17371¢] SNP S =X ¥ t}ersh
EARAE B3 3 9670e] SNPE Awsiglon, ASARRE A AFARLAA 5

Sk Tne 9 —:‘i—ﬂ]@@—?— 381F, XY &g 420 F & 35 159F 5 F 96079 39 A
BEE 29 FH3IA ARSI
(6) &+ THGL Genome—wide SNP scanning

A3} I call rateL 99.987% 2 wj-¢ 9-53F <
Z 9] genotype data®s Qio}‘}io B, &% =oF 2449 genome—wide scanning datas A
195 A7s1Bos AeHel AAYA A% 2He sUNAL



M 2 & =] 7= S

A 1A U dst

e Tkl & F vk of#lY <&k 2-1-1>o A e AA 1Y ARE UM, g =
F3} 3 Fh(reference population)2] 7|9} 4 " ¥z oy FHAE Uste] FAH

FAA £EL AFEE e

<i# 2-1-1>. Ranges of accuracies(reliabilities) for GEBV across traits for various sizes of the
reference population

Size Referen Range of
Author Breed Peo uja:i(fnce Method Accuracy
P (Reliability)
Harris et. al. GBLUP
Holstei 4 %o~67%
(2008) olstein ,500 Bayes AB 50% ()
Hayes et. al. . GBLUP
Holst 2~ 14%~55%
(2009a) olstein 332~637 Bayes A %o 0
De Roos Netherland
1 i li 2%~829
(2009) dairy cattle ,583 Gibbs Sampling 52%~82%
. GBLUP
e - R G
y Bayes SSVS
VanRaden et. al. GBLUP
i 44%~799
(2009) Holstein 5,335 Non-linearA.B %~79%
Australian BayesBLUP
Vertglg‘oge)t' al. Holstein 1,098 Bayes A 54%~74%
- Friesian Bayes SSVS
Rolf et. al. GBLUP
A 2,4 . 23%~44%
(2010) ngus A0 (using GRM) e
Forni et. al. GBLUP
Porci 1 . 28%~66%
(2011) orcine 989 (using GRM) 8% 0
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O Harris 5(2008)2 IluminaSNP50 bovine chipe ©|-&3}¢(44,146 SNP u}#) = 4,500F2] &

Acke] tste] GAHA SE2/2 2As T SAA SFUlY NERE &
g AT AN dgPL o] gste] FANAY BAY 4B/} P T FRSY AR
o F7le] MEEE 50~67%A SR FAsG o, Feen AATFt

o] FAE ARu Fit 34%AE Aed

ot
o
rir
2
offt
X
rO
o)
—
-
o
o
s
oo

Hayes 5(2009a)¢] IlluminaSNP50 bovine chip-2- ©]-&3}o] 1998 F-E 2003\d A}o]eof ot
Holstein 44 79859 18] A4S0l mal 424 24 Ang 7447 dgn vag wy
S B ol&Ele] fHA SEINE FASL 7)€Y AE BLUP oz FAHYE §E719)
Wi BA Shith 19989 E 20024 Abolo] Elolu AAES AE v (Reference
Population) ©. & A A3} wpx] ek 2003 o] glojdt MAES HAA 3
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~
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o2 AAsY FHA FF7F 2 AFHEE FASAG A
Breeding Value)E & &3l+= #AA=Z 7|2 HE BLUP 4
(EBV)$} 744 AEE o]&ste] FAHE FdA §F7HGEBV)ZS HRAFE 7E9 &
7t AR UrolAd FASE We o] &Skl ¢4 AY WS ol &3ste] A d
FAA FF7= 549 EE JAE&EF AL A, &9,

H&)el et dE4l wHoR 349 SE7Fe] A EEY 2~17% Ak dsd Ao
Harskglow, udd Wi (Bayes A)O®
&3t FAE FAA

=

o] 2~13% A

Hayes 5-(2009a)¢] ] w=iolAl vld@=e] {14 Aded gt A5 F3d3t= CRV
7132 De Roos(2009)7} H.arst A& A p, &4 A2H 60K SNP Beadchips ©]-& 3}
of Fx Fwoz F 1,583%F digt fdA £4 AdRE A A AEY WEE ol%
3to] SNP wiA 9] wIE FAAT ASEE FAHES 98kl 1999958 20031 d Alo]o
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AAS A Je 40072 7752 A A3Ee] IluminaSNP50 bovine chipg o] £3fo AA

A A e JRAEe Wi FHA 4 2AE FAAL AP v HHE EF olE
FTAA SET7HE FASAT FHA A BEE o] &3t EFEIWAHL O ETY
T2 AdSAEAHPEV)S o83 dRER AREE FAGE

"l (expected accuracy)-S ©]-83}91 v}l Hayes 5(2009a)0] A o] &5 A3m FA 4lw(realized
accuracy)¥} W] sk - Holsteind} Jersey 7 Fof thale] 217t 23 d wE A (Fob &,

FAE, Fo FH), FAY FH) elw el distel FaH o 8%k 1%¢)

%S Vehhgith B m AW Wl (Bayes A, Bayes SSVS)3 A B9 zhel FAE f4
A %E7 AHEE Was e u Holsein®] A& AW shao] hg Ple] Y

ASEsl Bgov de PR WEd F2g dear.

VanRaden 5(2009)- IlluminaSNP50 bovine chips o] £3to] FHx HAwo=z 19529 5§
19981 Alo]o] Ejo]yt Holestein 4224 3,576F% 74 FAo @iz 19999 5E 20021 Alo]o]
Holt EAE) 4 LT9FE ol§ste] F s33s%el U@ §AA B4 A3 AN
A7 da FAL olad A Wl A PPS o]

ok 2 2770 @Al wigte] 71E9] dE Al BLUP 9JF FE7he] NEEE 27%
Fow FAHYoM, Nyw Y o R F44 §F7le] NFTE 77 9%

oF 50%= FA4 o] 26-27% Ao MR AolE dERWITHIL Balskglh

Verbyla 5(2009)- IluminaSNP50 bovine chipg ©]-&3lo] 3z o= 1,940 58 2,000

W Alo]o] Efo]yt Australian Holstein-Friesian =4 1,098F A Fwo 2= 20054 5

20070 Abolell Bloj vk 2 400%E o] &3tk vl A @ WW(Bayes SSVS)o.® =AE 4

A SE7k AR} NY wen FAE fAA &

tow, e EF(%), A (%) LEal FHee] A9 44 1.3%, 9.4%9F 0.2%
= AA FAelA 2 nlFs AA S FAFA

QA FE Aol AW dF W] WAdY oS W veAy oft =

Rolf 5(2010)2 Angus F4 2405F=25F-H Hit 3% AR A 2F(Average daily feed
intake)¥} AlE A% F ZF(Residual feed intake)ol] W3t A5 & SAHFte] T Azm 2 9
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2 ARl ‘Characterization of 50,000 SNPs and development of high-throughut assays for
linkage and linkage disequilibrium mapping in cattle’o| 4] |-9-3%Fo] 83k ] #F2e] SNPv}#
w5

- Pl m E] o3 Jerry Taylor g oA thit® F&Sa A2 e (N>3,500)8 o] &

o] dAAgEE vEegs ¥ w4 d2ad AR FHEd dr|A S

- WS WBelaglE &) USDA MARC(S-$-¢1 7 A1E), NCBA (W5 %-$44483) 2 F
2 77 st BEow 4#5a 9= DNA wALZYd =AW AGAS 19989 B

wAsle] Fo 147 &9 FTEO st mAYARY MARE L MAS TR 7)o
B3 FAS FAST YL

- 794 & CSIRO, UNE ¥ NSW ¢ %

/o)
a
a
=
w2
)
5
oL
)
=
o
offt
o

L

THHAE(CROE FA ] 19999 FE 7d7F 428 FH 477 &
o4 Zlms dste] vhksk EAe F3d s 2Acte] dAuE i) SNP i
AstE gk A5 FHsaL =

S FAd oA A AHPHFom o] &3F= DNAulA Z A  GeneSTAR marbling (Genetic
Solutions/Bovigen3| A3 A #-%  thyroglobulin A A} w}#, IgenityTM-L (Merial/Quantum
Genetics 3| AN 2] vtEg 2 2 &=y #AeH leptin 42+ w7, TenderGENETM (Frontier

4

Beef Systems/GeneSeek¥] A}) H-i= GeneSTAR Tenderness (Genetic Solutions/Bovigen$] A}) 5 9]
a7 dxel #elAdo]l Y59 calpaind calpastatin F- A X} vpA Fo] AdHow dEg3ar
U HFE GeneSTAR Hil=o|A&= AR E &0 38 FdA vpAE &8st 5 A542

2 fATASe] WEsol FEHHIL BIEFOZ AT HAANAS Fuate FAY.
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2 a3
s = HobE fg AlE o
7} A4k A& Ao thdk SNP chip genotyping ¥4 & 3}
(1) SNP chip genotyping % & 3}
O A LM EAR 2 FUAAL 407} 805, 413 695, 427 125, 437 1105, 453} 113
T2 49759 FR$ 6152] SNP chip genotyping &-%41o] I ]t}
2 A dHdo e V2 BAE
| o] Fojxl 4977 thek wmA| 4,

) =4 F4, AEAT) 94 =
O A4t Alg Hetel] widle] SNP chip genotyping®] #4j¢
B HA R AR A dF Yz EALG <¥ 3-1-1-3>0] ANFA
<i 3-1-1>. Simple statistics of age at slaughter and four carcass traits for 497 Progeny-Test Bulls
MEAN s.D.” Min.” Max.”
Age at slaughter 23.93 0.82 13.70 25.90
(month)
cw" (kg) 356.78 40.19 158.00 481.00
BF” (mm) 10.08 4.13 3.00 35.00
EMA” (crr) 78.84 9.51 22.00 109.00
MS? (Score) 3.37 1.76 1.00 9.00
cw" : Carcass weight; BF’ ): Back fat; EMA” : Eye-muscle; MS? : area Marbling score
S.D.” : Standard deviation; Min.” : Minimum value; Max.” : Maximum value
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<i 3-1-2>. Simple statistics of five growth traits for 497 Progeny-Test Bulls

MEAN S.D Min. Max.

BW"6 month (kg) 170.42 30.79 84.50 271.00

BW 12 month (kg) 311.47 34.67 210.00 414.50
BW 23 month (kg) 620.73 59.51 455.00 820.50
DG?6~12 month (g) 776.99 116.08 213.20 1210.23
DG 12~23 month (g) 895.43 111.06 590.40 1221.13

BW" : Body weight; DG” : Daily gain

<i 3-1-3>. Simple statistics of five body measurement for 497 Progeny-Test Bulls

Body measurement (cm)

12 month (n=426)

24 month (n=415)

WL

HH

BL

CD

Cw

RL

HW

™

PBW

CG

119.80+4.27

122.00+4.13

129.71+5.85

61.8542.62

36.15+£3.37

43.95+2.96

36.5342.64

38.3742.62

20.58+1.70

162.74+6.64

136.77+£3.94

137.88+4.01

157.93+6.33

76.58+4.34

51.54+3.40

53.16+3.09

49.73+2.54

48.17£3.17

26.59+1.96

214.88+8.24

WL : Wither height; HH : Hip height; BL : Body length; CD : Chest depth; CW : Chest width;
RL : Rump length; HW : Hipbone width; TW : Thurl width; PBW : Pin bone width; CG : Chest girth
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<E 3-1-4>0 A4

<ik 3-1-4>. The number of KPN for 497 Progeny-Test Bulls

KPN  Number of progeny KPN  Number of progeny KPN  Number of progeny

KPN546 7 KPN620 8 KPN653 13
KPN574 4 KPN621 5 KPN656 10
KPN582 6 KPN622 7 KPN658 6
KPN583 3 KPN624 8 KPN662 13
KPN584 5 KPN625 5 KPN663 13
KPN590 5 KPN626 9 KPN664 13
KPN591 7 KPN627 10 KPN665 12
KPN593 5 KPN628 6 KPN666 9
KPN594 8 KPN629 6 KPN667 13
KPN596 13 KPN631 6 KPN678 9
KPN601 10 KPN632 18 KPN687 8
KPN603 4 KPN633 7 KPN690 13
KPN604 2 KPN634 1 KPN692 7
KPN606 3 KPN635 8 KPN694 10
KPN609 3 KPN637 6 KPN696 6
KPN610 5 KPN640 10 KPN697 9
KPN613 5 KPN641 18 KPN698 7
KPN615 9 KPN642 6 KPN700 15
KPN616 4 KPN645 13 KPN705 8
KPN618 5 KPN646 6 KPN706 9
KPN619 3 KPN648 3 KPN707 12 497

v A& Alg febe] dgk SNP chip genotyping +4] & 3+

(1) SNP chip genotyping #4 &3}t
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O AmZe|=ElAY Ad Yuol vt} SNP chip genotyping #410] o] Fo)7 10355} o]

3k & %29 1157} SNP chip genotyping #-210o] I ]t}.

2 =4 F4, AFAT) 4 2 AF e dE V2 SAF

O AEZFHAHAY A8 F el thste] SNP chip genotyping #4o] o] F ozl 10372 %A

FAol e 72 TAFES <3 3-1-5>¢ A 33T

<i 3-1-5>. Simple statistics of age at slaughter and four carcass traits for 103 Gyeongbuk Cluster

bulls

MEAN S.D. Min. Max.
Age at slaughter

31.35 2.54 25 37.43

(month)
CW (kg) 421.55 37.32 314.00 501.00
BF (mm) 13.39 5.24 3.00 30.00
EMA (cm) 87.99 8.95 66.00 111.00
MS (Score) 5.07 1.77 2.00 9.00

() A& Al fdel g F 25 (KPN) At

O ZA&EZH2vA] AE ool thate] SNP chip genotyping 4} o] o] Fo}xl 10372} #4

ol et <iE 3-1-6>0f AA| 5T}

i)
=
2
lo
ofN
td
o

<i 3-1-6>. The number of KPN for 103 Gyeongbuk Cluster bulls

KPN Number of progeny KPN Number of progeny
KPN289 11 KPN354 6
KPN369 11 KPN374 9
KPN387 6 KPN388 23
KPN450 20 KPN460 6
KPN472 6 KPN485 4
KPN487 1 103
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th A5 Alg H kel gk SNP chip genotyping +4] & 3+
(1) SNP chip genotyping #4 &3}t

O A% 1057k AY Ave tgon dAe AAT AAE F LI2FHoL, AEADe
BAR Q% Frb] QA whEs WE 9 ophEs /%9 FPoE A% AAE Adsta

T 145850 gk A AEE A AT

O @og ARD AAY ZaElo] mHE Ad Wete] AR 57 BHa9 BT FS
vuse] BAYA ARE wEoR BAs] B Ad A 1077, i 138FRA F 245

Sl diat =a Aol A} (T o 2455 Fol 1659 1650 tlg £ 37| SNP

3-1-7>9] A A&} ).

<i 3-1-7>. Simple statistics of age at slaughter and four carcass traits for 16 Jeongeup bulls

MEAN S.D. Min. Max.
Age at slaughter

30.60 1.46 27.63 32.53

(month)
CW (kg) 446.56 47.02 335.00 536.00
BF (mm) 19.88 7.81 5.00 35.00
EMA (cm) 92.25 11.66 74.00 113.00
MS (Score) 7.5 1.59 4.00 9.00

() A5 AE gkl B3 FL5(KPN) 3

O Au AF Fwol thate] SNP chip genotyping +24]o] o] Fo|%l 1672 F&-¢ 350 ths

Al <E 3-1-8>0] A A AT}
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<3t 3-1-8>. The number of KPN for 6 Jeongeup bulls

KPN Number of progeny KPN Number of progeny
KPN369 2 KPN388 4
KPN487 10 16

O f4A AL T A4m P AP 27 240 ol8W AR FA AN AP ET

= (Genomic Relationship
Matrix)# &% 7|vke] &l §Z o] uliw 2 SNP chip genotyping Z#}E ofu) o] ZAu}e} H]
weto e A% VEd 3 oFE HolE e AAEg ey, 1 Ay A AN

Qe AnE AE /129 0R/ I A5 WE] fAA AWl A At

9 4895} obu|(KPN) 59FE
Mol AR VEow fAA 2 BUN Fold AWE UrhlE AL AR Ao of

el <a® 3-1-1>e Hebf At

Comparison of Genomic- and Pedigree-based Relationships

is
GOF*
¥ =0.9239x-0.0241
R* =0.8316

GOF
¥y =09277x-0.0229
R® =0.8466

GM
y=09314x-0.0243
R* =0.8316

Greg
v = 0.9641x + 0.0008
RZ =0.7671

GenomicRelationships

o 02 o4 o6 0.8 1

Pedigree-based Relationships

<21¥ 3-1-1>. Comparison of genomic (marker-based) and pedigree-based relationship.
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. 7FA A M. (pedigree) A&

A AW ARE BFERNBRA] Axold Ul A 49T UF FLG 0TS
e 548l thste] 1= 4AtiZEA] da e BE dEs 45t HEHo®E 2,901
T dF AEE st 4 A 54875 04l Ve oE A S

A B, BE ok Wes FA5ke ool <y 3-1-2>¢ YEgler, ¥

Bl
[0}
o
=
(ld
i
4
¥0
rr
=
MO
=2
=
_O|L
&2
s
H
(ld
i
¥
¥0
rr
=
MO
o,
R
2
_O|L
X
)

88.69||88.69 | 190.15||90.15| |B9.96 (|89.96 | (79.56 ||79.56 | |71.35|/71.35| |72.45|/72.45| |51.28||51.28 | |35.40 || 35.40

[PGEBE} || (PEESD0] (P=E0E) || [PGEOD) (PE0Es) || {PEDSO) (PGODS} || (PEDO0| [MGEEE) || (MGBE0) {ME0E) || (MGEDDH (MGDEE, | | {MGEDE0] (MGODE) | | {McDO0)

LH LH 1 1 °J =1 °C 1 L°L_]
I J | | | |

99,64 99.64 99.27 99.27 94.89 94.89 65.33 65.33

(PGSS) (PGSO (PEOS) PGDD) {MGSS) (NG5O} MG0s) [NEDE)

B

100 100 98.72 98.91
(PGS} {PGD) [MGS) {MGD)

100 100
(Sire) {Dam})

100
{Animal)

<21¥ 3-1-2>. Percentage of known ancestors out of the entire pedigree traced back up to 4

generation.

A 4 AR
o AR 4897 ik AR, HA A BEXE <E 3-1-9>¢ yEhloen, A
Apass D2 B4 44 ARsh BEd] gom, Anuzi 23, 495 Fu 4
97 22, 25709 o) Fol A uT wol BEshE Ao vhehgu,



<it 3-1-9>. Number of records of batch-number and age of month at slaughter in progeny-test

bulls
Progeny-Test Bulls
Batch-Number N Age N
(month)
40 77 22 48
41 66 23 208
42 125 24 202
43 110 25 31
45 111
Total 489

t}. SNP chip genotying A=

O Iof AAFS HE E5-F 5487 thdle] IlluminaSNP50 bovine chipg ©]&3te] FdA+
B X

@ 28 AAshet. sasrel Ue 48893719 SNP WAG] U fAAY PEE F 3
A fFPoz BAHET A AAZ= Majoret Minor Homozygote2} Heterozygote7} &5 <&

Ask= SNP w7 = 42901702 F4 5 ¢lo, 5 WA 2 HeteozygoteRt =X 3k+= SNP w7
=22 BEAEQon, A WA E Major Homozygote¥to] &A1&t 74-%7F 599072 #4
HAvh o] 4 Aol vEbd 7 Aol A WA FPo2 #2419 SNP 5992715= SNP
Are] by FrE fste] AAsta A HA FHFoZ 4@ SNP uANRE o] 8319
o}

O Minor allele frequencys= F tH 1A FolA] Ajdo=z
Al Ao zA] 7|EA oz 0 ~ 059 ¥ME=z Yebd ¢ gon 224 A3 Figure 39
el €1t} Minor allele frequency”} 0.050]3}¢1 7 -9-¥ & 12,922 SNP w77} £4131% 0
<19 3-1-3>°] vepdnke} o] A SNP whA Foll A 2643% ARE AA ST o]
Al g Ade] SR E3HY] o] B0 ALy HEFHor YA SHE 95
o] $1 SNP wtAE Al9gh & 3594471 2] SNPvbAE A AL & FHA 5F7FE F4
sh=d o] &3t
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Distribution of minor allele frequency
14000 1 26.43%
12000 A
10000 A
16.53% 16.21% 15.93%
2000 - 15.57% 6
6000 -
9.33%
4000 -
2000 -
O =
<0.05 <0.2 <03
Minor Allele Frequency

<Z1¥] 3-1-3>. Frequencies of markers by the MAF on 48,893 SNP markers

O DNA chip® gr& #9lol woel $A48< AAE 5 Y& probesrt LT 3 ofs o]
7] o] AR WA fAAGe] BAe] 277 A7 ALY o] 2l
HASR kel T FAA4E BAS Fashs AL 1449 =u
g vpAel Ne FA48 ABS RS Bae A 44 wasdels U ana
FA49 $A0] rehg viASe] dste] oA (Imputation)® ¥ B2} 9lowl, Gengler 5
(2007)] Ak 7HA AWE o] gao] et

)

: gene content deviation vector of genotyped animals

<

)

: gene content deviation vector of un-genotyped animals
q, : known gene content vector of genotyped animals(0,1,2)

M : design matrix of linking ¢, to ciy and cz; 0,1
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ofa, 9]¢ ERY AHAA A Ar A A FHo et 22 7EE A A

A A
A—[ o Ayx],a—af/aj

Xy pay

A, : sub-matrix of covariances with known genotypes

A, : sub-matrix of covariances with unknown genotypes
A, and A, : covariances between known and unknown genotypes
o) w9 A& W% BLUPY & 714e 4883 gom, a &g 0

o goz MAst: BLUPYH $9% WHom 4390 o= 4443 $49 oF 04
FS 01% AER 7HA g o029 e 0001 AR FEo = AAT Ao|tl. 54859 U
gk SNP m}A &= F 19,697,31271 91 21, o] F oA 20,6017]¢] SNP whA L] fdx8 F24]0]
AZH) ole] hg dA Aol dF ol F T < 3-1-10>0] e,

<ik 3-1-10>. Example of imputation output using pedigree from prediction file(BLUPresult.out)

23" SMP Marker(8) 292™ SNP Marker(6) 697" SNP Marker(7)

Reg.No Solution Reg.No Solution Reg.No Solution
221737804 0.7249 221667954 0.1463 223036926 1.3906
223119918 0.6207 223036647 0.0606 223113200 0.2112
223288741 0.6377 223701315 0.1458 223119717 0.8816
223372474 0.5031 223743306 0.1461 223226071 0.1931
223410910 1.3967 223822248 0.6315 223743306 0.6136
223411464 1.5739 223827407 0.1574 223822247 0.6230
223481026 1.1994 223822248 0.7146
223481027 13910
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3. 44 A14H(Genomic Selection)

O

7.

O

Fo GAAEC] AN e dRol MANE SNP wAE o ga] fUA KB
TR = R WHEC v Agrz FHATI HarEo{gitf(Hayes et al,
2009b). AA7FA] ol ek AA FH o] whste] Fo FAAEe] wad vl gljlen

2 3 AT AL AY A3 U o §F fAA AWl W ATE FAst.
AY ez PWe BEd Fo fA47 9 ZE AT f18 Bk B98 7)o

AA 5F718 FAHAAE 5 v A WA REL2 A Zhzhe v QAo s F4

P EE ez A FAA HE7HE FAS = wH (Meuwissen et al.,
2001)e)H, B v F A B VY TH V]SS Vve 2 AgtE oz dd 3E vy
Aol A4 ABE o] &3te] Atz #3d4 &
A 7)+= HH o] tH(Garrick, 2007; VanRaden, 2007; Zhang et al., 2007).

r

&) & (VanRaden, 2008)& F ol ¥

Vg = i+ At BN, F oty

-th

Yijk : The observation for i" age of month at slaughter and j= bacth-number
I : Overall mean

A, : Fixed effect common to the i" age of month at slaughter (1-4)

BN; : Fixed effect common to the jtll bacth-number (1-5)

Ay, - Random effect associated with the k™ bull

€ijk : Random residual error NID~(0,52)

Zh7ke] SNP v T3} FAE B fUA FE7)

084 FRE 939 £8E QCE B39 YARA 35944 SNP wlAo| ulsle] Ridge
Regression Best Linear Unbiased Predictor (RR-BLUP) ®WIH o & Z}7te] SNP vwlA H3E &
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Alell Ak lvh. Bk 3594471 SNP wiA Fakol AAFIE A FAGORHN LA
Etel theh AP BALE ek SNP vhA Bate] 95 F3ko] GEBVE F431%C

W, Ad =5 294 vad 2

y= X0+ Zm+ e

y : pre-adjusted phenotypic value (deregressed additive genetic value)
B : vector of fixed effect

m : random SNP marker effect

X and Z : the incidence matrix for 5 and m

e : vector of random error effect

O A% AP zi= SIFFADA Wake] 0, o FHFADN Wake] 13 = b HPH
FAQ2)l Wkl 29 g == AAHT B3 A o= SHAolx, A B X

Z a2t} e~N0,lo2). ZE SNP vl# &3 m A HHEEE wErh, m~N002). 9 A

Aol hi =9

td
ogh
o
oZi
rE
L
_p
\l
m
k)

20 )

A7), 22 N = o2/one] AolET, o] mE SNP ukA F919 F2)p0—p))%

o2for & Fo& F4ks o] TH(VanRaden, 2008). ©17]1A ol AAl A EALS 9w

LA

]_

o

o, restricted maximum likelihood(REML)®= 7 3} %3 t}.

O SNP wiAl ek &3t R aAE AT B5F FAo] FAE Fole FdAY £40] ¢R

go] Yov), BAY ARE 23 Q= /A 48950 tiste] ol okelN MAE A5 B
Zsh #A9 SNP el Tabel Hom AW FAM $ENE FAY 5 oo e
Te Ag wev

GEBV = Zg
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(D

7z SNP wlAe] J 3= <¥(convergence)® %7} Hlwd wE 7pgA-Aold dHlEH
(Gauss-Seidel iteration)s o] -&3lo] FAEP o, ¥y IAF-E Huf 1,0008, F8 FE&
1.0E-8= A A &}%it).

. Cross-validation H}'-8- o]-&-3F AT 74
RR-BLUP W& o]g3te] FAd FdA 57 =g 54387 9184 SNP whA 9]

3
W 2w FHE FAHIY] 935 Ah(Reference Set) 0. ZHE FAHE FHE AA HA
(Validation Set)el] 283k & HA Fe Y Azl FdA SFE7Ee FHes Ae= F

A3}l Cross-validation M-8 o] £3}9i t}.

10-Fold Cross Validation

 abAlet ol SNP wiA ] mbE Fgshe dwe) ) driHeR g Al o
e AYSEE FAHIE WHOE random subsampling replicationg:  ©] 83k 10-fold cross
validation ¥'H o2 7} =X dAEZ AT E FA3H T}

10-fold cross validation HFH -2 = A A A o] Q= S AA-F 489F FolA dlEE A 4405

(90%)= reference seto. @ AW 3}ar, RR-BLUP HMH-S o] &3] 35944 SNP w7 o] &y 9
APAEA S flste] aAZRTAE F

set©. 2 A A3l reference setO. Z 5B FAF 35944 SNP niA ¢ &3 ¥ A gz B
ste) 4959 JlAEel UlF GEBVE F4shH, oldh e AE 1093 Fasiad,
validation set?] 7|A &< TP 7I9} F4¥ GEBVZHY 43S B3 AJEE F43%
W, ofgfe] <& 3-1-11>0] 7} APz FAY AS=E Yeddv. 235 HAyud,

UEF FRGEUY A W (clatedness)7t 4 Eow] ool Y AHER +4 Au

Aol FAsFA Y. e, YA 495(10%)=  validation

AR Aoz o]Fojx] ormz F Hake dd #AAE FHd] A dAo] =HATHH
AA 7Iwkel Ao @< Al 2 06129, 7FA 7Nk Ho) EA Al ¢ 0.5625). 1Bk

AA H2710 A7) FAEZ 0927 ~ 097602 A3 =4 FA Q)
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<% 3-1-11>. Mean Accuracy of estimated breeding values in the validation sets of the 10-fold
cross-validation for carcass traits

10-fold cross validation

Traits
Mean accuracy SD
CW 0.927 0.029
EMA 0.951 0.013
BF 0.951 0.016
MS 0.976 0.010

(2). KPN Cross Validation

—_

O FAA SF71E FA3l= reference set?] A7 & Hustoz AL8-317] fslA =4 4ol 3l
&

iy

3 AA-S 48950 tdle] RR-BLUP HHH-S- o]

==
=
a1, validation set®.Z+= SNP A 40| HojdEs HE FEG 5975 AAS ] HASeE

O Al 4ol gl B TRl tsid= Sl HA-Ee =AA

FE7HPBV)E 3 SF7HIBV)Z AA ks, SHAdA-% 4915 s}

X!

g SNP vlA S E3E 7[R 3 HEE22%9 GEBVE #A3%tl. =A% GEBVSY PBV

i
lo

BB Fotel AAEE FASGOM, b o] <E 311250 7 EAYAWE FH9

92 UEuglt,

W

O 9 At} whAAAR BF FRS

IS

ko)
5
~ 0797 A9 we VR 245

gt
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<i 3-1-12>. Accuracy of estimated genomic breeding
using KPN for carcass traits

values in the wvalidation sets of the validation

KPN cross validation

Traits
Accuracy
CW 0.735
EMA 0.764
BF 0.710
MS 0.799

O SNP u}A o W3 33 A 7+ NAE 44 S

o] 34 %% Intel Visual Fortran Compiler (Window Ver. 11.1)E 9]

=

4
o
(ld

ofo
o

£

AR5 94
YEZ IE=Z

sl o, Ay AAF 9 wE gHo FS ¢3le] IMSL MATH & STAT LIBRARY
(Version 6.0)E o] &3}o] 9= HAA Autd ). v <y 3-14>0] Z=Z g

o s Aol dF sEEE Y.
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<Z1¥] 3-1-4>. Flow chart of Fortran programs to estimate genomic breeding values.
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g F3dA4 d¢l 32 (Genomic Relationship Matrix)

(1) ogge] NS o &3 f404 ) B

O dHAe He &3S 002 st ¥ (VanRaden, 2008)0. 2 74 45 no 2, o] &

€ SNP v}# & mo® HAS I, ol&E M FHE F7|Fvh M PFHE] A7]E nxm OF

o1714, M @d el A4E A WA di"dAel o3 FdHIAADL] d-¢= 0, o] dH
A(12)9] A= 1 283 F A0 Qe ofdk FFHFAQ2) AeE 22 G}

MM' 83%% nxnﬂ ﬂ7]i A A _C./]J'j_ ];HZ}-_CA grse EH
g WUzt 945 T IAE el FEOR v dY Axe] £7b H6), P Fowl
A NHAA WIE(Z2 Minor Allele Frequency)E X331 2p= ¥ ¥ o7t}

O 44 AR AU GPPo] A kA FaE FAAN FARL WARI] Aol S
AuE olgetel +4Y UA FA} AFAT Fo AR AA BPL vhg o] A
sk,

G = Gr + (1-w)Ax

o714, w=0959] & AHERHOM, Gre AFEAIL Fol /] A9 f4A B Aol
Ane FAVAG Y= RE AAES A AuE olFelel 249 Ad FY FAA #4
A wAol gEd AAE e A @Folth e Aguilar $2010) A (WS A
F 095904 0984tol el e AHgHAL A fAA §FNE FARGL AF fo)50)

A ke Aol eI wasgth

o2

@) At A AuoE w9 249 BE
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<1¥

3-1-5>. Flow chart of fortran programs for Genomic-BLUP.
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3-1-13>. Average accuracies of breeding value for population using traditional BLUP and

A
<3kt

Genomic BLUP

Analysis Cw EMA BF MS

Population

0.6474 0.6474 0.6878

0.5946

Sires of

Steers

0.6729 0.6729 0.7129

0.6207

(59)

0.6497 0.6497 0.7132

0.5767

Steers

0.6681 0.6681 0.7302

0.5963

(489)

0.6495 0.6495 0.7105

0.5786

Total

0.6686 0.6686 0.7283

0.5990

(548)
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<i 3-1-14>. Average accuracies of breeding value for population using traditional BLUP and
Genomic BLUP from combined genomic relationship matrix

. Relationship
Population . Cw EMA BF MS
Matrix
AV 0.5786 0.6495 0.6495 0.7105
Genotyped
(548) H” 0.5990 0.6686 0.6686 0.7283
A 0.1916 0.2165 0.2165 0.2379
Un-genotyped
(2,353) H 0.2150 0.2347 0.2347 0.2523
A 0.2648 0.2983 0.2983 0.3272
Total
(2,901) H 0.2876 0.3167 0.3167 0.3423

A" . Numerator relationship matrix using pedigree information
H” : Combined relationship matrix using pedigree and genomic information

<# 3-1-15>. Comparison with mean difference and maximum difference of accuracies between
traditional BLUP and genomic BLUP from combined relationship matrix for carcass

traits
CW EMA BF MS
Mean Diff. 2.03 1.92 1.92 1.78
Genotyped

Max" 7.96 5.82 5.82 5.08

Mean Diff. 2.31 1.81 1.81 1.42

Un-genotyped

Max 24.35 26.13 26.13 17.61

1 . . . .
Max" : Maximun difference of accuracy in each animal
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<i 3-1-16>. Pearson and Spearman rank correlation coefficients of breeding values for carcass
traits using Genomic BLUP from combined relationship matrix

CW EMA BF MS
Correlation coefficients 0.9468 0.9595 0.9592 0.9473
Rank correlation coefficients 0.9295 0.9527 0.9494 0.9340
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A2 B Qwe] §egd A i BAGASGE 54 B4
ATFPUEL BLEE F Fo] FRL F SA FRAAA Wo|B A
Ao 1) WEA QILASIY) FuRAAA B4, 2) S1Fa FFIAe BEH QILASSH 5
QTL 9ol wufAAALANs s BAL FalA B9 EFNA wEd FaxmAe
H4 HAFol o]gdh= A
L 714 FRGARS 2AGAe] ABA ¥4
O 2 afshd £ ARl BHRAE BaA ¢ &% L §49 449 oA B2
L, ol FdAE 722 QTLEH 3 HwE F335+
<3k 3-2-1>
A QA A s
Thyroglobulin BTA14 Thyroglobulin is the glycoprotein precursor to the thyroid hormones.
Ghrelin BTA2? Ghrelin is an endogenous ligand for the growth hormone
secretagogue receptor
Somatostain BTA1  Somatostain
Biologically active growth hormone binds its transmembrane receptor
GHR BTA20 (GHR), which dimerizes to activate an intracellular signal
transduction pathway leading to synthesis and secretion of insulin-like
growth factor I.
Uncoupling BTAIS Mitochondrial uncoupling proteins (UCP) are members of the larger
proteins 2 family of mitochondrial anion carrier proteins (MACP).
Uncoupling Mitochondrial uncoupling proteins (UCP) are members of the larger
proteins 3 family of mitochondrial anion carrier proteins (MACP).
This gene encodes a polypeptide hormone precursor that undergoes
POMC BTAI11 extensive, tissue-specific, post-translational processing via cleavage by
subtilisin-like enzymes known as prohormone convertases.
This gene belongs to the family defined by the mouse resistin-like
ADSF BTA7 genes. The characteristic feature of this family is the C-terminal
stretch of 10 cys residues with identical spacing.
This gene encodes a member of the CSRP family of LIM domain
CSRP BTA29 proteins, which may be involved in regulatory processes important
for development and cellular differentiation.
Caveolin 1 BTA4 The scaffolding protein encoded by this gene is the main component
of the caveolae plasma membranes found in most cell types.
. This gene is involved in essential cellular functions, including signal
Caveolin 2 BTA4 transduction, lipid metabolism, cellular growth control and apoptosis.
This gene encodes a caveolin family member, which functions as a
Caveolin 3 BTA22 component of the caveolae plasma membranes found in most cell
types.
MYF5 BTAS Constitutes a different protein that is nevertheless capable of inducing
the myogenic phenotype in embryonic C3H mouse fibroblasts.
MYF6 BTA6 involved in differentiation of myotubes
MYF4 BTA16 Muscle-specific transcription factor that can induce myogenesis in a

variety of cell types in tissue culture.
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CSRP39} APOBEC2 A& 95 XgHs 8709 & FFoA Fdade] =g ¢

g
F4 k9.

<i 3-2-2>. Polymorphisms identified in MYOD family, SREBF1 and FASN genes in Hanwoo.

4w V)54 FRAAA Welked, FPRNA f

Gene Accession no. SNP? Location Amino acid Restriction
change enzyme
MYF5 NC_007303 g.1293C>T Intron 1 Not applicable None
g.1911A>G Intron 2 Not applicable Tagl
g.2434C>T Exon 3 Silent Haelll/NlalV
g.2630G>A Exon 3 Silent None
MYF6 NC_007303 g.183T>C Exon 1 Silent Nialll
0.1030T>G Intron 2 Not applicable None
0.1313C>G Exon 3 Silent HpyCHA41V
Myogenin NW_001501985 g.1111C>G Intron 1 Not applicable Hinfl
9.1693C>A Intron 2 Not applicable Sau96l
0.2417C>T Exon 3 Silent None
MYOD1 NC_007313 g.248G>A Exon 1 Missense None
g.691C>A Exon 1 Silent Sbf
g.783G>A Exon 1 Missense Bgl
g.1274G>A Intron 1 Not applicable Hinfl
g.2271C>G Exon 3 Silent Ecil
SREBF1 NC_007317 0.2892-9.2975 Intron 5 Not applicable -
(84-bp indel)
FASN AF285607 0.17924A>G Exon 39 Missense Msd
0.18663T>C Exon 42 Silent None

*Nucleotide positions are numbered according to the first base of each gene as it appears in GenBank
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<i& 3-2-3>. Polymorphisms identified in bovine caveolin gene family (CAV1, CAV2 and CAV3),
CSRP3 and APOBEC2 genes among eight different cattle breeds.

Gene Accession  no. SNP? Location Predicted amino Restriction
acid change enzyme
CAV1 NC_007302 g.33503A>G Exon 3 Silent Rsal
g.33782G>A Exon 3 Silent Hinfl
0.34233G>A Exon 3 Silent Alel/sfd
g.34365G>A Exon 3 Silent None
CAVZ NC_007302 g.259C>T Intron 1 Not applicable None
9.397A>G Intron 1 Not applicable None
g.409C>T Intron 1 Not applicable Rsal
g.561A>C Exon 2 Silent None
0.623G>T Exon 2 Silent Faul
CAV3 NC_007320 g.86C>T Exon 1 Silent Mspl/ Hpall
g.238A>G Exon 1 Silent Nlalll
0.29884C>T Intron 1 Not applicable BsrBl/Acil
0.29921A>G Intron 1 Not applicable Bcd
g.30122C>T Exon 2 Silent None
CSRP3 NC_007330 g.14859C>T Exon 3 Silent Nialll
9.15000A>G Intron 3 Not applicable Acll
g.18555G>A Intron 4 Not applicable Nlalll
0.18582C>T Intron 4 Not applicable None
g.18952A>G Intron 4 Not applicable None
APOBEC2 NW_001494158 9.1538417A>C Exon 1 Silent Bfal
0.1538747A>G Exon 1 Silent Ncil
g.1547690C>T Exon 2 Silent HpyCH4V

*Nucleotide positions are numbered according to the first base of each gene as it appears in GenBank

<3 3-2-4>. SNP genotype and allele frequencies for MYF5, MYF6, MYODI1 and SREBF genes in

Hanwoo.
Gene SNP Location N Genotype frequency Allele frequency
MYF5 g. 1911A>G Intron 2 242 GG GA AA G A
0.49 043 0.08 0.70 0.30
(118) (105) (19)
MYF6 g. 183T>C Exon 1 180 T TC cC T C
(Silent) 0.61 0.32 0.07 0.77 0.23
(110) (57) (13)
MYODI g.783G>A Exon 1 96 GG GA AA G A
(Missense) 0.32 0.52 0.16 0.58 042
(31) (50) (15)
g.1274A>G Intron 1 65 AA AG GG A G
0.52 0.36 0.12 0.70 0.30
(34) (23) (08)
SREBF1 84-bp indel Intron 5 137 LL LS SS L S
0.58 0.36 0.05 0.77 0.23
(80) (50) '(07)
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Mo GG GG GA GA  GA GG

(E) (F)

<21¥ 3-2-1>. PCR-RFLP patterns of four SNPs among the different candidate genes. The gel
image A represents g.1911A>G mutation (digestion with Tagql) in MYF5 gene;
g.183T>C mutation (with Nlalll) in MYF6 gene (B); g.783G>A mutation (with Bgll)
in MYODI gene (C) and g.17924A>G mutation (with Mscl) in FASN gene (D);
2.14859C>T mutation (with Nlalll) in CSRP3 gene (E) and g.33503A>G mutation
(with Rsal) in CAVI gene (F) of Hanwoo. Arrows in the chromatograms indicate the
polymorphic sites. M: 100 bp molecular size marker.
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<3 3-2-5>. SNP allele frequencies for caveolin gene family (CAVI, CAV2 and CAV3), CSRP3 and
APOBEC?2 genes among eight different cattle breeds.

cAVi cAV2 CAV3 CSRP3 APOBEC2
Breed

A33503G C409T C86T A20921G C14839T A15000G A1538417C _ A1538747G

Hanwoo A0.89/G0.112 C0.60/T0.40 €0.95/T0.05 A0.36/G0.64 C0.35/T0.65 A091/G0.09  AD.34/C0.66 A0.43/G0.57
48y (39) (28) (35) (42) (23) (50) (50)

Limousine A0.94/G0.06  C0.77/T0.23 €1.00/T0.00 A0.88/G0.12 C0.83/T0.17 A0.58/G0.42  A0.57/C0.43  A0.77/G0.23
an (16) (18) (21) (24) (24) (40) (40)

Simmental A0.84/G0.16 C1.00/T0.00 C0.82/T0.18 A0.88/G0.12 C0.78/T0.22 A0.57/G0.43  A0.56/C0.44  A0.58/G0.42
(19) (20) an @21 (20) (20) (25) (25)

Hereford A1.00/G0.00 C0.92/T0.08 C1.00/T0.00 A1.00/G0.00 C0.54/T0.46 A0.79/G021  A0.60/C0.40  A0.70/G0.30
) (12) (12) (12) (12) (12) (20) (20)

Angus A0.88/G0.12 C1.00/T0.00 €0.80/T0.20 A0.67/G0.33 C0.79/T0.21 A083/G0.17  A0.82/C0.18  A0.93/G0.07
(8) (12) (10) (12) (12) (12) (14) (14)

Brahman A0.87/G0.13 C0.16/T0.84 C0.83/T0.17 A0_50/G0.50 C0.88/T0.12 A1.00/G0.00  A0.05/C0.95 A0.13/G0.87
(12) (16) (12) (12) (16) (16) (19 (19)

Charolais A0.93/G0.07 C0.79/T0.21 €0.85/T0.15 A0.81/G0.19 C0.75/T0.25 A0.62/G038  A0.88/C0.12  A0.83/G0.17
(@] (12) (10) (8) (12) (12) (12) (12)

Brown Swiss C0.75/T0.25 €0.92/T0.08 A0.90/G0.10 C0.83/T0.17  A0.65/G0.35  A0.50/C0.50  AO0.77/G0.23
N (16) 13) [¢1)) 24) @24 (26) (26)
Total 120 143 120 142 162 143 206 206
12 test (P value) 0.986 0.000 0.909 0.000 0.003 0.054 0.000 0.000

2Allele frequencies indicated by number of adjacent base.
?The values in the parentheses indicate number of animals investigation

O 2o AP 1 4388 754 FEFAAS CSRP3, CAV2eE CAV3FAA| ofe] ¥

o2 $ATI S193 F 1550 WAy] wel B s, 8719 2 FEAWNAL 4

<i 3-2-6>. Genotypes and minor allele frequencies of 3 polymorphisms in CSRP3, CAV2 and
CAV3 genotyped in Korean native cattle (n=229)

Total Minor

SNP iy AA . HWE
Gene Position Genotype (N. of cattle) N. of allele  Heterozygosity
name change P-value
cattle frequency
CSRP 14859Y Exon3  Silent CC(95) CT(110) TT(19) 229 0.334 0.414 0.334
CAV2  409Y Intronl - CC(118) CTOl) TT(21) 230 0.437 0.395 0.047
CAV3 2384R  Exonl  Silent AA(87) AG(110) GG(33) 230 0.382 0.378 0.851

_51_



O <& 327>& @9o EAFAN Ao fAAEe Avy BAL PP m@eld). =
AR AABE 2AAG W fAAFe] maE 457 918 SAS 9.1 Package/PCE ]
§3to] AUAFRIGLMEAS Shgom, #4989 L3} fo9 G450 hal A
oA om Bk Aol WH FoA4E AT

<ik 3-2-7>. Association analyses of CSRP3 polymorphism with carcass traits among Korean cattle

Genotypic least squares means ( SE )
Gene Phenotypic trait
11 12 22 P-value
) CC : 5408 CT : 4.654 TT : 5.188
Backfat thickness (mm) 0.221) °* (0.201) b (0.494) * 0.0407
CC : 79.389 CT : 77.630 TT : 78.031
EMA (¢ 31
%) (1.177) (1.092) (1.991) 0.3167
CC : 358.475 CT : 352.088 TT : 364.278
ight (k 2774
Carcass Weight (kg) (5.264) (4.876) (8.886) 0.277
CSRP- . CC : 68.664 CT : 68.728 TT : 68.011
14859 Quantity Grade (0.445) (0.413) (0.752) 0.6576
(C/T) . CC : 2.839 CT : 3.031 TT : 2.351
(n = 229) Marbling score (0.119) © ©.111) ¢ (0.202) * 0-0046
CC : 4.843 CT : 4.943 TT : 5.016
Meat col .
cat cotot (0.079) (0.073) (0.134) 0.3077
CC: 2.982 CT : 2.950 TT : 2,897
Fat color (0.029) (0.026) (0.049) 0.2177
CC: 2.030 CT : 2.108 TT : 2.180
T 424
exture (0.076) (0.071) (0.129) 0.4247

Significance level: ® ° 0.05; * ¢ 0.01; ©  0.005

O CSRP3 fFdAol] EAtstE (16859 7] Wol= Tl Axdaset SAFA 1
o) §o40] i Aew UEdth MR Ee Ce A1 AAS CTHE 742 A
E vusgls W, CCHol SAWFAZE FAAR FUALAH Gl 7949 2Hol7) gl3d
o TTES 713 AAe] F7F AAw we syAudss weld.

O ofn We FRFAR AT 1) FAALRAE Bel ool Fu FANEY G
7] WolE whetal, 2) A=A HolH £458 ol&ste] el A& o}
3kar, 3) EAAQ W or E2 &r)-920¥ 23 E (Hardy-Weinberg Equilibrium)¢] A ¢
W A% v P AE (r-square value) F WA (haplotype)Eo] A& +4& Y wd
GARE o] G3fe] o] Fol A .

O /%4 FUAAAATE FEN MuABS QAAW) QIL AUFL o &3 F/149
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5 90l BUALIER LAI= UYSEE 0, S B | 7 e e
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S0M S22lio] 2 [T o0 tisiis 72 el =27t
EiRtn, CIEE F7IHISE & 37 Felelt) BRO0| SO0IIE 292 49 pes umsieame, 0@y w2 wese Seol wael %t
e LRqxf RACh Haole| g2Ak Y Ha £ Bt FASNRTIA cadel vt
SS0jsm SME HAHS SAMAZIE|SUN SRS O/ AR trt 2 O} Bck
7|=2! 812 FASN fHzie| ZIHEM|E0| B3 &3 8fs7t
7F Sefloldt Bizro| ZstE AnTIS At B 4 U= SOIXILE YAS &M FEEY - UTE SI%CE
0[2{8t $IRT7PE FIX|T U= S8 ST CiE BXIFTEERI A §IR17(7 ZIW o4t 4n7|ot ZAWRE HESk=0 =&0]
=0t ofL|2t AFESHE BIRRE WA | At BUSETI BEECRM BIIASE BUE + US A2 J(iEd,

<1¥ 3-2-2>

O Havje] At 2 S24#E V)5 FE AR FASNS] WHolE HAstal k-3 vl
Aol FHAE Wolol HMIEE FA3 =, Zhang (2008) 5 Hato] wp=w FASN %
A Exon 39 W 913k 17924A>G " o]i= Oleic acid(C18:1) =3} f-o]AQl AxAdo]l 9
o, 428 GGH-E 7FA Aia17]3= Oleic acid(E ¥ 3} A HH4H= 31, Palmitic acid (3}
X Hah) v wkH o), AA ¥ Oleic acid(B¥ 3} #8423z, Palmitic acid (3£3} ] 14t

Warse Huh
O =3 Oleic acid(C18:1) F7F= A F7ket A3 AAV o, Sdqt gt

fl

o o

Fule ool guuAd Yrka o) @ol wuslo] 1 % glo. FASN fAe GGYe
a57] AAN Bol ol2® BESAMA] F/HRE ohe 2UAWES} Fu)e) F
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O <% 3-2-8>94 2@ FASN f-dzte] 17924A>GH o] 2] G allele & & e FEo| w3 -9

A= Wi =A UeheE AS 32 5 A0tk

<% 3-2-8>. Genotype and allele frequencies of FASN(17924A>G) gene in among nine different
cattle breeds.

GG GA AA
Breed GG (N) GA (N) AA (N)
frequency frequency frequency
Angus 6 8 3 0.35 0.47 0.18
Hereford 3 9 5 0.18 0.53 0.29
Maine Anjoy 1 4 3 0.12 0.50 0.37
MARC 11 7 1 0 0.87 0.12 0
Salers 2 3 0 0.40 0.60 0
Shorthorn 2 8 2 0.17 0.67 0.17
Simmental 8 6 3 0.47 0.35 0.18
Tarentaise 3 4 0 0.43 0.57 0
Hanwoo 17 7 0 0.71 0.29 0
Breed Total GG Total GA Total AA GG GA AA
(N) (N) (N) frequency  frequency  frequency
Hanwoo 17 7 0 0.71 0.29 0
Total other
32 43 16 0.35 0.47 0.18
breed

O F7Fdo= g9 FASN 9 {FHA9 HAAAIAEE vYg FF34 vlustr] A
MBI) o & % 36%¢] Primer & A|2r3}9 3L, Intron8 ¥H3-E] Exond2 o]

o E & A T - B N s 2 0 & T"ﬁ'a i o o T A T T T J A G A
L T C A [# [ H T T [ I L] L] T " T " H [ [ [ T & H L] T T T A G L2}
Hanwoo . o W W A A N\ - -
,,,,,,,,,,,,,,,,,,,,,,,,,, A -~ M N R, S R 2 f N e IR A AT AYEY AT A \
JAYAYA'AVAVAVAVS AVATAVA'AYA bl el LLVALNANN VAV
- S L R - - S N A N - T e e e S [ - S - S S e S o o
Hereford , ~ oo PRI At A I T
£ if—}t, s -'} -_-,."‘ VNS J L - .r \.J\ ,{__}-. : "__”l’ A ';‘-.r{-- k‘-\\ —j \ \ L A -z"-\\
EEE-"‘&E‘E?:‘E%?S#-&Jv’&‘#r‘ﬁ'é’é‘-éEEET'?R-JT'T‘{”.ER.
Hanwoo VA VAV AN AV T AW Y AVAY N A VaWaTAl LTS | VAN AS\ AT AVAVAVL AYATAY
LY VRVBCVRYAYSEVA'ETR AVS A WETRE GUATAVE SRV WTATLVE VAV
. i i a5 i St e 8 - ST
A L] L= L L&l o L Li] T C T L3 il L) Li] T T ] T L Li] Li] L4 T L) L= T L " L L T ¥ L L] Li]
ngus A\ N R
i T R o Iy T e d Y Vi b I e I Y A A AV TN A Y AT
‘.;'(\‘\(' AUAAY AVA VA AYAAYA'AVAAYA ATAVAY NATATAN x)ﬂ{ VAVA'AVAYAAAYAYS _-.f \/
E?.ES‘EE‘.?FEFERE&‘T?:&‘-J?@':’?;‘?EFE?.’E’F??FFFFSEE{-
- I A, \
FAYASAVAVAVAVAVAVATAVA'A YMALY VAN AN avAY

<Z1¥] 3-2-3>. Sequencing result of FASN in 3 cattle breeds.
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<Z1¥] 3-2-4>. Physical map and SNP detection of FASN on chromosome 19. ( Exons are marked

as black block )
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<i 3-2-9>. Genotypes and minor allele frequencies of 4 polymorphisms in FASN genotyped in

Korean native cattle (n=100)

Total Minor
AA HWE
Gene SNP name Position Genotype (N. of cattle) N. of allele  Heterozygosity W
change P-value
cattle frequency
10558Y Intronl8 - CC(27) CT(55) TT(17) 99 0.449 0.555 0.222
FASN 11280R  Exon21  Silent GG(27) GA(55) AA(17) 99 0.449 0.555 0.222
13125Y Exon24 His-Tyr CC(16) CT(45) TT@39) 100 0.385 0.450 0.385
17924R Exon39 Silent GG(62) GA(29) AA(7) 98 0.219 0.295 0.178
O < 32-10& % 2arlule] RESAWA Gt rre] FAAPe] Ay FHS A
B Al 17924A>G Woli= 3y FF W At AR d¥FS vAE Ae
8 = JdArk GG & AR A= Bxs xuakel Oleic acid (C18:1) &= 31, Y3
Z| HFAFe] Palmitic acid (C16:0) &= w9k

<i 3-2-10>. Effect of 17924A>G mutation of FASN gene on beef fatty acid composition in
Hanwoo. (in press)

Trait (724G P-value
GG (n=65) GA (n=19) AA (n=4)

Myristic acid (C14:0) 3.02 (0.09) 2,83 (0.18) 3.05 (0.38) 0.63
Palmitic acid (C16:0) 27.99 (0.22)b 29.16 (0.41)a 29.10 (0.89)a 0.03
Stearic acid (C18:0) 10.58 (0.14) 10.86 (0.25) 48.31 (1.12) 0.62
Oleic acid (C18:1) 49.90 (0.28)a 48.51(0.52)b 48.31 (1.12)b 0.04
Linoleic acid (C18:2) 2.23 (0.006) 2.16 (0.11) 2.08(0.24) 0.73
V-linoleic acid (C18:3) 0.08 (0.01) 0.12 (0.03) 0.16 (0.05) 0.21
SFA2 41.60 (0.28) 42.85 (0.52) 42.86 (1.14) 0.08

UFA3 58.40 (0.28) 57.14 (0.52) 57.14 (1.14) 0.08
MUFA4 55.72 (0.28) 54.55 (0.51) 54.698 (1.11) 0.11
PUFA5 2.68 (0.07) 2.59 (0.12) 245 (0.27) 0.62

' Values are expressed as LSM = SE, Fatty acid contents are expressed as g/100g of total fatty acids.
™ 1 east square means within a row without a common superscript differ significantly (P<0.05).
? Total saturated fatty acids, 3Total unsaturated fatty acids, 4Total monounsaturated fatty acids and STotal polyunsaturated fatty acids.

53] vy FASN fdxWHol7} 3-89 B 3% Wit

Ao, 2012 64 S ES| 2 5HH A+

<19 325> 53)%
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3. WESARN 23t FASN F4 Wold FUFESS gha AW £t AF

O Fatty Acid Synthase (FASN) -d2F2] @A Al ¥ o] (g.17924G>A -Exon39-Thr2158Ala):= 3
A ol M= st Aol ddAde] 9l
o 7] ¥ o] g.11280G>A  (Exon21-Silent),

dlo
o
Lot
ro,
ol
2
)
4
)
X
o
f
=
@]
Z
_|>i
lo

g1
(Exon39-Thr2158Ala)= A3 7|d] A WAkshsF By ofy g} SFdm AdAdo] e Ao=
Hojflol| uwe} FASN 378 @A 7ozl S glel FHRERS X748
DNAWIARZA ZH & 7bsdt 7kA7F Ae=AE AF37] 98te] A4 925FF iy

o2 Al
- SO ALY Aol A 20060 % 11D E-E 20009 59 Apoldl| Zald &9

kel
5
A 92559 SHNAAAE oGP, FASN Fa4H% @ FFRALR =AFAQ

EAE, sAYFEA, WA EE ], SEAgee WA E 5 57 FEel ke dud 4

<3t 3-2-11>. Means and standard deviations for carcass traits measured on Hanwoo populations

Phenotypes Korean native cattle data N Mean Std Dev Median
Carcass weight (CW) kg 925 362.71 39.16 360.00
Longissimus muscle area (LMA) cm2 921 79.58 8.97 79.00
Backfat thickness (BF) cm. 921 1.04 0.39 1.00
Marbling score (MAR) 1-8 924 342 1.72 3.00
Beef quantity index (BQI) 924 66.52 2.95 66.96
- @ FOARS 0259 fAx9e AAE] S18A RELP W o] S5t BAs.
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<i 3-2-12>. Genotype and minor allele frequency of three major polymorphisms in FASN gene
genotyped in Hanwoo progeny test steers

Total Minor
Gene Position AA Genotype (N. of number) N.of allele Heterozygosity HWE
change P-value
cattle frequency

AA AG GG

0 11280G>A Exon2]  Silent  (132)  (428)  (293) 853  0.395 0.478 0.958
16%  50%  34%
. CC (98)CT (269)TT (149)
£13125T>C Exon24 His>Tyr CG O® CLOONTT (149) 516 457 0.496 0.368
AA 37) A6 GG
£17924G>A Exon39 Thr>Ala A4 07 (226)  @89) 752 0225 0.349 0.160

30% 65%

<ik 3-2-13>. Association of 3 polymorphisms (g.11280G>A, g.13125T>C and g.17924G>A)
genotypes and phenotypic traits

. Genotypic least squares means* (SE)

FASN Gene Trait 1 B 2 Pvalue
. AA: 364.71 AG: 363.54 GG: 361.52

Carcass weight (CW) kg (0.92) (0.52)c (0.63)a 0.0049
Longissimus muscle area (LMA) AA: 79.66 AG: 79.72 GG: 79.76 0.9926

cm2 (0.72) (0.51) (0.58) ’
g'l(lffgscg‘“ Backfat thickness (BF) cm. A?E): 013')05 Aﬁ’)‘ 02.)04 (}(%}‘02)57 0.0413
Marbling score (MAR) 1-8 A?E): 135')62 Aﬁ’)‘ 038')45 Gﬁ’)‘ 1%)5 L 05595
Beef quantity index (BQI) Al?o 2626)'33 AC;’(‘) 1636)'43 Gﬁ’)‘ 166%88 0.0457
Carcass weight (CW) kg CC(:336575)'91 CT(:330505)'22 TTé330546)'32 0.5731
Longissimus muscle area (LMA) CC: 79.34  CT: 79.38 TT: 79.08 0.9300

cm?2 (4.92) (5.00) (5.00) ’
& 1(3nl:255 1T6§C Backfat thickness (BF) cm. C% 315)2 8 C;FO 315; > TF(FO 315'; 6 0.2121
Marbling score (MAR) 1-8 C(CO‘ 429')7 4 C(TO 428;32 T(TO 429')60 0.4732
Beef quantity index (BQI) CC(O 33587 CT(O 2(5)339 TT(O %27 0.2310

. AA: 360.03 AG: 361.92 GG: 363.36

Carcass weight (CW) kg (1.65) (0.68)a (0.46)b 0.0499
Longissimus muscle area (LMA) AA: 77.84 AG: 79.43 GG: 79.70 0.3379

cm?2 (1.23) (0.53) (0.39) ’
g1(71?=2;15(}2§A Backfat thickness (BF) cm. A?E): 016')12 A% 012)0 3 G% 012)0 4 0.4412
Marbling score (MAR) 1-8 Afa‘ 237')25 Aﬁ’)‘ 131')46 Gﬁ’)‘ 037')48 0.7299

o AA: 6583 AG: 66.52  GG: 66.44

Beef quantity index (BQI) (0.44) (0.18) (0.12) 0.3447

* Significance levels: a, b—0.05; ¢, d-0.01; e, £-0.005.
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<ik 3-2-14>. Linkage disequilibrium and Haplotype structure in the FASN gene
a) LDs among FASN major three polymorphisms

[D']
2.11280G>A g.13125T>C g.17924G>A
r-square g2.11280G>A - 0.568 0.920
2.13125T>C 0.177 - 0.607
g.17924G>A 0.101 0.207 —

b) Haplotype structure and frequency in FASN major three polymorphisms

Haplotype FASN 21 FASN 24 FASN 39 Frequency
htl G C G 0.378
ht2 A T G 0.301
ht3 G T A 0.191
ht4 A C G 0.063

* QOthers contain rare haplotype: GTG (0.033), ATA (0.018) and ACA (0.012).
c) Probability of phenotypic difference between the haplotypes

Haplotype CW, kg LMA, cm2 BF, inch MAR, 1~8 BQI, score
lzzlstﬁag)z 0.09 (-3.15) 0.52 (1.00) 0.15 (-0.10) 0.96 (0.02) 0.07 (0.92)
hgelst;/;al‘s;;) 0.33 (2.47) 0.25 (2.46) 0.15 (-0.13) 0.36 (0.40) 0.10 (1.14)
h:ezst;/;lal;;;) >0.05 (5.61) 0.55 (1.46) 0.73 (0.04) 0.44 (0.38) 0.77 (0.23)

Size of the phenotypic difference estimated was in parenthesis.

O FASN ¥kFAE 2 (-ATG-)2 Y4418 1 (-GCG-) ¥kA1d 39 (-GTA-) BEusE =A%
o] geHor e Aoz Uehli (Table 5-c), 3$AwolA FASN g.11280G>As}
_]

g.17924G>A¢°] ®Wo]&3ke] Ad © 2 e}, FASN S84 4

2
9] g.11280G>A%} 2.17924G>A W o] = 7HAE FAo] A A SHFREY AAE X
AMwshizd ol gstelol Fku wastgom, MR W (GTA)T2E A o

Autsi= Aol fFFulo] syl Je= Aow A

2 53 A A (0-copies)! 71

RET

2
il
o
-
f
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O ol faA ¢ cHF7l 20085 1095 2010 114 Afoo] =38hd FAHAET
¥ 425 Fob sHSAA T 20089 % 14 5H 200909 1€ Apolel]l Fahel vt
FH 635 F ol gt em, &% RS F 105972 FASN frd o] F 4719 =
A7IRolel e AAs7] 98] RFLP ¥ & o] &3t 433t

O E3 FASN fxdxlelA g.16924A>GS} g.16039T>C Wo]i= R 3-$-H ol B3}
Akghatel] vl dFE = Wol® UE A (Abe et al, 2009), ofo] Tk g3 el A
TXE obxd HASEE, ¢ FAAE T 105979 FASN {34 he] & 479 &
A7IRolel fAAYE AAs7] 98] RFLP W& o] &3t 433t

F

154

<3 3-2-15>. Means and standard deviations for carcass traits measured on Hanwoo commercial

populations.
Phenotypes of Hanwoo commercial population N Mean Std Dev Median
Carcass weight (CW) kg 1059 419.70 42.73 418.70
Longissimus muscle area (LMA) cm2 1059 88.08 9.61 87.00
Backfat thickness (BF) cm. 1059 12.00 4.67 12.00
Marbling score (MAR) 1-27 1059 18.18 5.90 19.00
Beef quantity index (BQI) 425 64.71 3.77 65.20

<i 3-2-16>. PCR primers and restriction enzymes used for SNP genotyping

. Restriction Size(bp) of the
Primer sequences Fragment . .
Gene SNPs name , , . Ta(" C) Enzyme allelic
5" ->3") size (bp) ) .
¢ C polymorphism
CCACAGTGGCCGACGTG
FASN £.11280A>G 133 58 Taql (65) 133, 67
AACTTCTCCAGGATGGGCACC
CTACCAAGCCAGGCAGGTC
FASN £.16024 A>G 336 61 Hhal (37) 336, 262
GCCATTGTACTTGGGCTTGT
CTACCAAGCCAGGCAGGTC .
FASN £.160397>C 336 61 Ncil (37) 336, 247
GCCATTGTACTTGGGCTTGT
ACCTTGACACGGCTCAACTC
FASN £.17924A>G 127 58 Mscl (37) 127, 93
GTAGCCATAGGTGGGGATG
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<i 3-2-17>. Genotype and minor allele frequency of three major polymorphisms in FASN gene
genotyped in Hanwoo commercial population

Total Minor Heter
SNPs HWE
Position Genotype (N. of number) N.of allele 0Zygo
name change ) P-value
cattle  frequency  sity
g.11280 . AA: 72 AG: 120 GG: 167
Exon21 Silent 359 0.368 0.465  0.002
A>G (20%) (34%) (46%)
g.16024 Thr> AA: 82 AG: 173 GG: 165
Exon34 420 0.408 0.483  0.004
A>G Ala (20%) (42%) (38%)
2.16039 Trp> TT: 76  TC: 167 CC: 158
Exon34 401 0.403 0.481  0.032
T>C Arg (18%) (42%) (40%)
g.17924 AA: 26 AG: 265 GG: 720
Exon39 Thr>Ala 1011 0.147 0.251 0423
A>G (3%) (26) (71)

O &% AdgdolA exon 219 ATz g11280A>G GLd A 7I¥ole] FHAY W=
AA FAAYES 7HAAL S TRAlE 725 (20%) YER o™, AG FRAE S TFA AL Sl
MAE 1207 (34%), GG FHAAH & 7HA 3 A& AMA= 1675 (46%)= FZH AT ol
AR FUARS AN E AG FARAFS 7H AA 0% B WA FAE Fd
A= G6 FHAFEE 7 A7 B2 Aoz AFHAAT dEFARe] HFWEE
FAE Ao vhehg g

O Exon 399 ¢ X|3}= g.17924A>G @Y G 7| Hol= AA FHdAHo] 11+ (3%), AG FZ A}
Pol 95% (24%), GG FAAFo] 202%F (73%) = BFHA. o] 3AUEY FrAAS
el A o] Wmel Ao FAG A= vEeryten, SidAs fdolAE 66 A S
AR AL AG 9 AA §AAF L A AR mAF] Holt Aow el

ASN2] exon 349 o)A AZL F 79

Td

o] g.16024A>G ¢} g.16039T>C =

e, FASNF A=A} o}

Aol M e g i E9ko A el Sk o2 71e] SNPIE

F

AdeddTE2E 7HH AL AEAE AHE SRR
(o3}
)=

], FASN
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<ik 3-2-18>. Linkage disequilibrium and Haplotype structure in the FASN gene
a) LDs among FASN major four polymorphisms

(D]
9.11280G>A  ¢.16024A>G  gl16039T>C  g.17924G>A

r-square g.11280A>G - 0.728 0.709 0.745
9.16024A>G 0478 - 0.813 0.825
9.16039T>C 0.464 0.630 - 0.928
9.17924A>G 0.055 0.083 0.103 -

b) Haplotype structure and frequency in FASN major four polymorphisms

Haplotype g.11280G>A g.16024A>G g.160397>C g.17924G>A Frequency
htl G G C G 0.372
ht2 A A T G 0.300
ht3 G G C A 0.128
ht4 G A T G 0.057

* Others contain rare haplotype: AGCG (0.034), GACG (0.030), GGTG (0.026), AACG (0.017) and AGTG (0.016).

O FASN A &= a7y Z2spA A A 4te) s S04 7] ¢17924 Gl

RARNE BET 0 AR AN B BNWEAL ¥ mAF] e, oY
o 30709 FPPBINE oo FAsA G oled s ngo

FASNF-4e] 17924 SNPE Gh3 FRFRSS) 271005 $F Fobd 4ie 99
=

<i 3-2-19>. Association of the g.17924G>A genotypes and phenotypic traits
Genotypic least squares means* (SE)

Gene FASN Gene Trait 11 12 22 P-value
AA: 440.25 AG: 413.22 GG: 409.73 0.0010
CW, kg (8.56) (3.38) 2.71)
oy GUSHAG AA: 89.78 AG: 86.48 GG: 86.60 0.3308
(h=1011) ' (1.89) (0.75) (0.60)
AA: 1501 AG: 13.01 GG: 12.48 0.0113
BF, cm. (0.96)e (0.38)e, f (0.30)f

O olie) FASN §AA9e] § §A7 Sae FPA7eE 28 FA42 22 9
A4 F7149 AT AR, B g8 FAF AMA 1990] 971§ ACACA £4
Ae) woleh ApAs AWl A= Fubo] A WA BARFE, FASN 279

ACACA #A3be] FEago] dsld EFEHS FPshgct.
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Acetyl-CoA Carboxylase-a (ACACA)

=1

N

AR (0-380)0] A &2

Shin et al. (2011)2 3¢

g.2344T>Co} g2447C>A0| A ¢2344C W) &5

1518} 9

1:11—73

=

]_
o, g.2350T>C

olt

L. E
= =

o
el & 7] W o]

1.

A F Ao = ACACA g.2274G>A A4
2006001 %= 119 5-H 20091 59 Afo]d

a1

=
= 0 N

=

43t
o

183154

425

o, g%
o 59

ol 43

ol
i
Ay
o
i
ot
J{N'

g
ol
b
Ay

H 6355

(ld
ol
¥R

ACACAY

1T}, Zhang 5(2009)< ACACA
5 g2274G>A ©

AES x]l:l A}

=3 71 20083

A}
1_

o nMAE % AF

A SNP (GenBank

f-7d 2} 2] Promoter I <

7

-
1.

59

s

[€)

A7|Hol= Exut

S|

3 ]

F

LA

sl
%!

1:
s el

10455 2010

A 2008 A% 1€

.

A4} BAFE oo ST

2E 2000919 Aol e

Z ol A Acetyl-CoA Carboxylase-a. (ACACA) A A2l G L A7|

Ao

iy

= ¢34

o,

AT (n=188)%}

19]
e

97)wle] 5

no. AJ430417) Intron

o4 879 el
o 59

Zl o
b B 4

NS

0] o O
AMTE 2

CER
= X

119 A}olef

<3k 3-2-20>. Means and standard deviations for carcass traits measured on Hanwoo breeding stock

and Hanwoo commercial populations
Hanwoo population Breeding stock Commercial populations
N Mean (S.D) N Mean (S.D)
Carcass weight (CW) kg 188 349.43 (31.59) 425 433.38 (43.25)
Longissimus muscle area (LMA) cm’ 188 80.98 (8.12) 425 91.78 (9.67)
Backfat thickness (BF) cm. 188 8.47 (2.88) 425 13.16 (5.07)
Marbling score (MAR) 1-7 and 1-27 188 3.08 (1.56) 425 18.18 (5.90)
Beef quantity index (BQI) 188 68.26 (68.26) 425 64.71 (3.77)
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O ACACA #dAUe] Promotor A2l @d@7|Ho]E <13
Biology  Insights, Cascade, Co, USA)& o] g3} PrimerE A &}
(F:5-AACTGAACTGAGGCAACTTAG-3, R:5-TCCTATCTATAATTGGCAGTC-3), 3H-$% &2
ACACA FA AW Promotor G e A7|Ad EAE 93] 3¢ 47E o] &3¢},
ol EAsE 22064T>A, g.2155C>T,
52 ¢xle A
T a4

(GenBank AJ276233)
g.2268T>C, g.2274G>A, g.2340A>G ¢} g.2370T>C F 5709 ©dd7] Ho]
nz2, Asart EAsE g.2203G>T 9 g.2274G>A

O 3% ACACA HHA=A
=i TEE HAAL Sl
lelel g S AT 91814 RFLP & ol 43t ¥Asairt.
<i 3-2-21>. Genotype and minor allele frequency of three major polymorphisms in ACACA gene
genotyped in Hanwoo breeding stock and Hanwoo commercial populations
Minor
) Total Hetero
Populatio SNPs . allele . HWE
e Position  Genotype (N. of number) N.of zygosit
n name freque P-value
cattle y
ncy
GG:
g.2203A> Promoto AA:0 AG: 0
HBC ACACA 118 118 0 0 0.000
r (0%) (0%)
(100%)
AG: GG:
g.2274A>  Promoto AA: 3
HBC ACACA ) 1%) 53 131 187 0.135 0.283 0.101
7 (28%)  (69%)
AG: GG:
Promoto AA: 20
HC ACACA g2274T>C ) (5%) 129 231 380 0.192 0.339 0.143
Y (34%)  (61%)
HBC: Hanwoo breeding stock
HC: Hanwoo commercial populations
O 39 ZdAAF A 118F = ACACA FAANL g2203A>G @A 7|Ho]7} =F
GG FHAAH oz #ZH . Zhang et al, (2010) o] W= g.2203GGH A AE & 1] orv] 5
TRGA e WAL ES Adde]l HaE A, g2350T AR s Ak xAd o
AFE FE& Aoz wusisiv
O ACACA g2274A>G @ A7|®¥ol= S AR oAl AA FHAFEL 35F (1%)2 Ve
wor AG FAXHL 535F (28%), GG FAAH L 131F (69%) #HzH%A+=1H), Zang et al
(20010)ef] w=r FARFAC] Fo A ARAHE Hasidv. 2471d " S A Jd
o AE g274A>G VAT Mt BAF, AN, MF2ERy, SWAYE 9} £
Aol 5Ee) mAGAe] AR BF T 5 QQAT, 30719 ol APl =
— 66 —



Al A g U A Rl A Fe] A Q1 A o] #EAHAT (p<0.05). GG FAAHE Tt

A AAE FEEEASG SRR fOH0E Be A0 e

<ik 3-2-22>. Association of polyphism (g.2274G>A) genotypes and phenotypic traits

Populatio  ACACA Trait Genotypic least squares means* (SE)
n Gene ol 11 12 22 Pvalue
. AA: 37551 AG: 347.75 GG: 355.03
Carcass weight (CW) kg 0.2148
(6.12) (5.75) (4.22)
Longissimus muscle area AA: 81.99 AG: 81.48 GG: 8241 0.8698
(LMA) cm? (5.94) (1.74) (1.28) '
Hanwoo 9974
g AA: 9.03 AG: 8.05 GG: 8.10
Progeny A>G Backfat thickness (BF) cm. 0.9133
Test Bull (2.31) (0.68) (0.50)
(n=187)
Marbli MAR) 1 AA: 341 AG: 3.03 GG: 291 0.8767
arbling score (MAR) 19 (1.30) (034) 0.25) '
o AA: 6741 AG: 68.63 GG: 68.58 07715
Beef quantity index (BQI) (169) (0.49) (0.36)
. AA: 410.95 AG: 426.54 GG: 429.18 0.1904
Carcass weight (CW) kg (10.91) (5.87) (5.27)
Longissimus muscle area AA: 8837 AG: 90.54 GG: 92.76 0.0267
(LMA) cm? (2.38)a (1.28)a, b (1.15)b
Commerc 977 o ik AAI 1229  AG 1235 GG 1220 0.9606
ial Steers A>G Backfat thickness (BF) cm. (1.30) (0.70) (0.63)
(n=380)
Marbling score (MAR) 1- AA: 18,49 AG: 21.23 GG: 2141 0.0408
27 (L.30)a (0.70)b (0.63)b
AA: 65.35 AG: 65.22 GG: 65.55
Beef quantity index (BQI) 0.7425

(0.97) (0.52) (0.47)

*Significance levels: a, b-0.05; ¢, d-0.01; e, £-0.005.
5. FASN 3} ACACA fAAE U9 ddd7I¥olte Fsagads T3 A &

F 2 Kol WAL FFS AF

O 99 Z¥}E ngoez ZA|gdo Ag¢S v A= FASN (g.17924A>G) <+ ACACA
(8.2274A>G) fFAARYS] BEGERAE dotry] s - FAAE (=425 o] &3k

- 39 SHE I 2008 E 104 5-E 20106 11€ Apolo] &
ol g3lon, Wxd HAA F SAXANA ANBEE AH3le] QlAamp® DNA Micro Kit

(QIAGEN, USA)E ©|§3}o] DNAE FZ3tgith 2Ahd H2e ey A(FHE 5397
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- 3o AlEY = 42550 )3 FASN (2.17924A>G) 3 ACACA (2.2274A>G) A Au)e] <

2719 A Wole) FAA4Y NEE oleg 2y,

<i 3-2-23>. Combined frequencies of the FASN and ACACA polymorphisms in commercial
Hanwoo population (n=359)

ACACA g.2274A>G Genotype

FASN g¢.17924G>A Genotype AA AG GG

AA 0 0.01 0.01
AG 0.02 0.09 0.13
GG 0.03 0.24 0.46

- AAP A Z4 A o3 FASN (g.17924A>G) ¥} ACACA (g.2274A>G) @ 7|wole FA A
g 3E FA37] 918 SAS 9.1 Package/PCE o] £-3lo] ¢ a3 %3 (MIXED) 45 3%
oF, FAAYe] FaE polygene (¢17924A>G + g2274A>G) EFE FAR) A3 slice
of frold YAl sl AxFIN Ao YA Aolol W FYE
Al o183 2YEL it 2k
Yigrm = 05+ G+ Dy +1L + ey,
ANA Yyt TADE BEA, i AA L) HF, S ohvlel dF o) @, Gy Polygene E,

Dy &A%, Ly AAZ] e BRe, bl Al g FANAE, e DI2AE e

-G 39 el o] FASN 3 ACACA #4449 52§ L polygene Lrh= obefe] <1

gl 3-2-7> o YRtk FASN 3 ACACA #dAE =AS, WA E 9 S|l 47t
Az LS 3l= Aoz el ow, Polygene (FASN +ACACA) E3E EX4F 3 U AR %4
oAz s JEhSTE GG (FASN) +GG (ACACA) 423 ZAgA Awe wxFo]

FASH, SHAREZE 2aL SEHAF 9 w22 AoR BT
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LMA
140.0

1200 mf.n

100.0 N5 g g0 %3 M3 oy wa 922 Interaction effect: 0.004
800 = Polygene effect: 0.0003)
60.0
40.0
20.0
0.0

FASN

ACACA | An | AA | AR | AG | AG GG

GG

AA‘AG‘GG‘AA

AG‘GG

AG‘GG

MS
30,0
25.0

138
200 - 1%‘ lj:l j: 4Td e
I

Interaction effect: 0.0321
Polygene effect: 0.0012

150 4 | IT = I
10.0 i
5.0
0.0
FASN AA | AG | GG | AA | AG | GG
ACACA AA AA AA AG AG AG
MQ
68.00 -
66.00 -
64.00 - i
Interaction effect: 0.1027
62.00 Polygene effect: 0.0286
60.00 -
58.00 -
56.00 -
FEASN
ACACA AA AA AA AG

Ol&fel Zit= FASN |ZXIQt ACACA |TXI= 30HEZ SR HMS EZ0M 2UHXIZEZ=Q ST
X8 SdAE: AS0 SA0, JIH SEJALSM AZS SYANET A= R FECH DNA
OIHZ 883 + US A2 Il

SS0IM 3SH2E RillE Il |{RE% FHRUIIE SIRESNM
A0 SILEFE0M 8¢ R OIHE Mol HSol=Ul e 2EX2 &

<Z1¥ 3-2-7>. Interactive effect the FASN and ACACA genotypes for carcass traits

_69_



6. Bag 4 QTLY-919 §% % {4 8§ DNA Wo] 7 1 o] §&.

O = 1¥a 59 4] QTLE-9 el A &5 SNPSo] wd dddad 4

ot
lo
r
M
o
offt
:Cn)L_'4
1227
i
i)
[N
os)]
;—]
>
=
i)
os)}
;—]
>
i
T,
lo
/@)
;—]
—
(o]
12
rlo
b
fo
o
ot
S

- Kim (2003) %
949 @Al Yk was e, & 1A% 5§l AAA} QLAY ekl Y= 32 F
o SNP & WA R, o 7heu] FSAwel A duAEAd B8 FEd RS A4 16

o) SNPE ARste] EAGC] Yt HEFPTe] ABA HAES Ball, 3§ A7)
QIL @efe] wldt PZ QIL & @4

AT7E e

<3 3-2-24>. Search of quantitative trait loci (QTL) region for carcass traits in BTA1 and BTAS.

. Reference Chungbuk National University
Trait BTA
MS markers (cM) MS markera (cM)
BM1312(56)-BM6506(71)-SST(72)
YWT. kg 1 . BM1312(54)-BMS4001(67)-BM6506(72)-BMS4048(82)
(Kim. et. al)
BM1312(56)-BM6506(71)-SST(72)
SWT, kg 1 . BM1312(54)-BMS4001(67)-BM6506(72)-BMS4048(82)
(Kim. et. al)
CSSM34(38)-RM500(49)-ETH10(56)
BWT, kg 5 . BL4(43)-BR2936(64)-ETH10(70)-BMS1248(88)
(Kim. et. al)
CSSM34(38)-RM500(49)-ETH10(56)
YWT, kg 5 BM1819(72)-BM315(94) BL4(43)-BR2936(64)-ETH10(70)-BMS1248(88)
(Kim. et. al)

BWT = birth weight; YWT = yearling weight; SWT = slaughter weight.

- waE QILG e Ud AUFAAAEE L AP oA/ 18] NCBIolet wle] 2
2 @gsle] 71E QIL 99 714 FURAA TF 2L B3 ) DNA WolE wasign

& Fdsdsd, 383 Adels] Fud DNAME, 2 /jAE 245, 249 SNP w179

We fA43 Bk BARDS Adstel gas Fhel vAE IS AFT F ULS
shelch. Ea QIL Qejulel SNP wh#A gho] LD 2A1& Fa W5AE 7EHsha, wiA 54

Aol wE gAde] dade 2S4S FHs e, of#d Aol wel QTL dHelA e
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<ik 3-2-25>. Identification of 16 SNPs in quantitative trait loci (QTL) region for carcass traits in
BTA1 and BTAS

BTA Genetic markers = Marker type Markers location Unigene
1 BM1312 Microsatellite 61274372-61274483bp
1 1543652277 SNP 64971300bp UPKIB
1 1543652277 SNP 64971300bp UPKIB
1 1543242284 SNP 68121200bp LOC540789
1 BMS4001 Microsatellite 74946884-74946988bp
1 BM6506 Microsatellite 80852895-80855097bp
1 1543245364 SNP 82413000bp HRG-1
1 1543245367 SNP 82415000bp HRG-2
1 1517870725 SNP 84370400bp MAGEF1
1 BMS4048 Microsatellite 87338274-87338397bp
5 1542920919 SNP 44930400bp LOCC526436
5 BL4 Microsatellite 46178414-46178574bp
5 1529004136 SNP 64740850bp LOC615240
5 1529004136 SNP 64740850bp LOC615240
5 1529004136 SNP 64740850bp LOC615240
5 1529002687 SNP 64790550bp LOC29002687
5 BR2936 Microsatellite MARC MAP Position

64.3 (cM)
5 ETHI10 Microsatellite 60836475-60836696bp
5 1rs42500325 SNP 70660400bp DRAM
5 1543438424 SNP 81250900bp MGC148634
5 1543438424 SNP 81250900bp MGC148634
5 1543438424 SNP 81250900bp MGC148634
5 1543438424 SNP 81250900bp MGC148634
5 1rs17870998 SNP 81420900bp LOCC507778
s BMS 1248 MARC MAP Position
88.4 (cM)
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- EAEAS s A8 249 eAd S 9 A DNA AR 323FE o] 83k #4
A& AABA LT, <3k 3-2-26>l 4] K 2}9h o] 1543438424 WOl E A9 g A 16 F

<i 3-2-26>. Genotypes and minor allele frequencies of 17 polymorphisms in BTAl and BTAS
genotyped in Korean cattle breed (n=323)

BTA Chr. rfSNP AA change Genotype (N. of cattle) N, Z?t:ilttle ﬁzﬁ: Hetf;ri(t)yzygo PI:I\}Zlie
frequency

BTALI rs43245367-R Asn-Asp AA(256) AG(62) GG(5) 323 0.111 0.192 0.579
BTALI rs43245364-M Try-Asp CC(231) CA(84) AA(8) 323 0.154 0.260 0911
BTALI rs17870725-S Arg-Pro GG(199) GC(111) CC(13) 323 0.212 0.343 0.611
BTALI rs43652277-R Ser-Gly AA(l61) AG(126) GG(29) 316 0.291 0.398 0.291
BTALI rs43652277-S - GG(50) CG(109) CC(157) 316 0.330 0.344 0.990
BTA1 rs43242284-R Ser-Gly GG(60) GA(160) AA(102) 322 0.434 0.496 0.843
BTAS rs29004136-S - CC(302) CG(18) GG(3) 323 0.037 0.055 0.999
BTAS rs29004136-M - CC(298) CA(23) AA(2) 323 0.418 0.071 0.046
BTAS rs29004136-M - CC(72) CA(170) AA(8]) 323 0.486 0.526 0.336
BTAS rs29002687-R Ser-Asn GG(272) GA(50) AA(1) 323 0.080 0.154 0.411
BTAS rs42500325-R - GG(223) GA(85) AA(8) 316 0.159 0.269 0.976
BTAS rs42920919-M Asp-Glu AA(176) CA(118) CC(28) 322 0.270 0.366 0.204
BTAS rs43438424-R His-Arg AA(95) GA(167) GG(60) 322 0.445 0.518 0.372
BTAS rs43438424-W - AA(322) AT(0) TT(0) 322 0 0 -
BTAS rs43438424-Y - CC(96) CT(160) TT(66) 322 0.453 0.496 0.964
BTAS rs17870998-R - GG(158) GA(139) AA(25) 322 0.293 0.431 0.426
BTAS rs43438424-Y - CC(207) CT(106) TT() 322 0.192 0.329 0.292

i

-7} & AMA 1N W QTL Gl £A18kE §8% SNP 5% Austd] f44d 44 F
QA 10T sl 7 AMA QTL dele] EAets NBAAE 2487 gehe] (haplotype

block) SNPAlyzeTM(version 7.0) 3 2 18-S -5 3} %t}
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- SNPAlyzeTM(version 7.0) T2 198 F%d 3 AAE o]z 7} haplotype W= (7} G244 14
7 5H) ¢o] o F vpA 3+ A E+F3(Linkage Disequilibrium)S- o} ¢} 72 r-square W

& ol g3t

(h@'j _p@'q@'>2
J D; (1 _p@'>q@' (1 — %)

TQZZh

(pi: 3 AA wlA A 19 IEE L3 g 7T HAA vbA dddA jo IRE st

t}. welA uk# 8 4 @ & 4719] haplotypeo] £} 3tk hij= S ©}#e] 9li= ij haplotype 2]

% oulAzEe] AYE 0d4 7zt l0kbp 4 TEe G ow, 2 M6l o}

=
Ad AW W7 esquare g et 2ol Aol LDY fe5E @2-0.)% 2AZ }9

- 1543245367-R 9} 1s43245364-M 0.7kbp & 7} 717h-SmE 0202 & v oA o s =i 1
Ebulth. ahA)wk 1s43652277-R 9} 1s43652277-S F wlFzke] A sl oF lkbp & IS EE
skal 0.011 o2 fojzlo=w i vetwth 7 v 13ke] A7 B3 HolHA S = rsquare

2o 17 wobAnh
- o714 a7l WA 79 (haplotype block) & LDIIA] rsquare (0.1) 9ol A 2 5 9l
1 5©] hap blockl ¥} hap block2® t}7¢ % © 7, hap blockl2] haplotype 12] HlI%=+ 0.7414%

o AEE AT #AF g 5 vk, vhd hap block2 ¢ wFFEAE haplotype 1, 2, 359

M Fas B¥es @2 @ 4 dlvl. Hap blockl2] haplotype @ E3} hap block22]

- o714 FEd wkEA]l -9 (haplotype block) 2 hap blockl 3} hap block2Z UFo] # oW,
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hap blockl2] haplotype 18] Hl%3= 0.5217% haplotype 2H U} X7 T & HIEE X =
zk sk 4 Adfdyh w3k hap block2 ¢ WFEAE haplotype 1, 25 < A] haplotype 12] ¥l %7}
0.5543%2 haplotype 2K U} & U] & HIEE xxe-S #z & 4 9%t} Hap blockle]

haplotype 353} hap block22] haplotyoe HE2] %3] HI=E & 4 93}

<i 3-2-27>. A-1 LDs among 6 polymorphisms in BTAI.

[ Makers ]

Polymorphisms  1s43245367-R  1s43245364-M  1s17870725-S  1s43652277-R  1s43652277-S  1s43242284-R

rs43245367-R -
rs43245364-M 0.202 -
rs17870725-S 0.039 -
r-square
rs43652277-R -

rs43652277-S 0.023 0.011 -

rs43242284-R 0.010 -

B-1 Haplotypes in BTA1

Hap Block 1
1s43245367-R 1s43245364-M Freq
htl A C 0.7414 ht1
ht2 A A 0.1495 ht2
ht3 G A 0.1090 ht3
Hap Block 2
1s43652277-R 1s43652277-S Freq
htl A C 0.3782 htl
ht2 A G 0.3307 ht2
ht3 G C 0.2911 ht3

_75_



A-2 LDs among 11 polymorphisms in BTAS

[ Makers ]
Polymorphisms 152900413 152900413 152900413 rs2900026 rs4250032 rs4292091 rs4343842 rs4343842 rs4343842 rs1787099 rs4343842
6-S 6-M 6-M 87-R 5-R 9-M 4-R 4-W 4-Y 8-R 4-Y
1s29004136-S -
1s29004136-M -
1s29004136-M 0.036 0.041 -
1s290002687-R 0.010 -
1rs42500325-R 0.020 0.021 -
r-square 1s42920919-M 0.037 0.031 -
rs43438424-R 0.032 0.027 -
1543438424-W 0 0 -
1s43438424-Y 0.016 0.0467 -
rs17870998-R 0.023 0.0314 0 -
1s43438424-Y 0.012 0.014 0.296 0 0.187 -

B-2 Haplotypes in BTAS

Hap Block 1
1s29004136-S 1s29004136-M 1s29004136-M Freq
htl C C C 0.5217 htl
ht2 C C A 0.4783 ht2
Hap Block 2
rs43438424-R rs43438424-W Freq
htl A A 0.5543 htl
ht2 G A 0.4457 ht2
Block 1 Freq Block 2
htl 0.2959 htl
ht2 0.2621 htl
htl 0.2258 ht2
ht2 0.2162 ht2
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<3k 3-2-28>. Association analyses of 17 polymorphisms in BTAl and BTAS5 genotyped with carcass

traits in Koran cattle (n=323)

Genotypic least squares means ( SE )

Gene Phenotypic ftrait 1 12 ” P-value
BTAI Carcass weight 330.65 (14.35)a 34822 (5.34) a 360.14 (428) b 0.0175
rs43245364
(C/A) Meat color  5.118 (0.218) a  4.740 (0.081) b 4.963 (0.065) a  0.0127
ﬂ]f’ii;’:;feasts 5263 (0.183) a  4.590 (0.234) b 6.017 (0.589) a  0.0357
BTAI Weight index 68275 (0.362) a  69.008 (0.426)a 70.690 (1.115) b 0.0366
“178;?(7}25'K Marbling score  2.613 (0.107) a  2.717 (0.126) a  3.483 (0.331) ¢  0.0308
A/6) Texture 1.668 (0.027) a  1.627 (0.029) a 1.503 (0.076) b 0.0500
Meat index  2.363 (0.093) a  2.206 (0.108) a 1.816 (0.276) b  0.0532
BTAS
rs29004136-M(A  Meat color  6.054 (0.397) a  4.983 (0.160) a 4.903 (0.060) b  0.0142
/C)
BTAS Marbling score  2.543 (0.138) 2782 (0.107)  2.946 (0.156)  0.0612
rs29004136-M(A
/C) Fat color 2.902 (0.032) 2.970 (0.025)  2.982 (0.037)  0.0809
BTAS
rs290002687-R(  Fat color 2.001 (0.205) ¢ 2.942 (0.037) f 2.961 (0.023) f <0.0001
A/G)
BTAS Marbling score  2.899 (0.106) ¢ 2.587 (0.127) c,d 2.307 (0.217) d  0.0045
rs42920919-M(A
) Texture 1.605 (0.024) ¢ 1.644 (0.029) ¢ 1.770 (0.050) d  0.0049
BTAS
rs43438424-R(A/  Texture 1.637 (0.030) 1.652 (0.025)  1.563 (0.036)  0.0517
G)
BTA5 Carcass weight  5.396 (0.242) 4723 (0.206)  5.194 (0.315)  0.0946
rs43438424-Y(C/
T) Meat attain 2.007 (0.074) 2.088 (0.068) 2227 (0.092)  0.0881

Significance level: ™ * 0.05; © ¢ 0.01; © ' 0.005
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- 9] <F 3-2-28>0] A H 0] 1s43245364 (C/A) SNP= 22(CC) typeo] 11(AA), 12(A/C) B} X T}
15~30 kg °o|% v Bo] yrke Aoz {92 AxE #E & 5 AT 543245364 (C/A)
DNA ® o] HRG @A uUe] &A3l= wo]lZ BTA 1Ho] & HFo] @A QTL 99& %

dobs A Sy fAAR g

- Kim. et al (2003)2] X o] w2 BTA 1 80~90cM o 5 A|d F7A9} dHd HL3
QTL A o] &A)stt= AS AA} 39t 1s17870725-K (A/G) SNPE= 22(GG) type ©] 11(AA),
12(A/G) BFJ ¥ 5 AW FAZE lem o] T Wol] FHo] M= AoRE F94Q A3E @
zk 3 4= gJ Y} 1s17870725-K (A/G) DNA H o]i= Melanoma antigen family F -7 x}1fol] =X

Fe 3ee i 44 F49

Ol

3= Wol2 BTA 1919 Sxda #dd QTL 998 =3

- BTA sWlo] &= A go] #dd QTL 4= 243k FHFAAe] ¥ol= 4&d &+ v
gy o]# @ Jde] EAEHE DNA WolE2 & ] Aoy &
A Ao freAde] #EHAT o= el E dFE #HE BTASH QTL e & tf

£ QTL o] &4l & & t= 2AE A& &

- ol B9 Az 2] BTAl (54.6~81.9cM) 3} BTA5(43.1~88.4cM) ol A& 22

=
QTL o] <=4 & ¢ 9= 743 QTL d9& xZ3dE= DNA HolEs #EAsdoH,
BTA5(43.1~88.4cM) A3l do| #HH QTL oo X Y& H2AH FAEd FHE QTL

of A4 & F = M T A EFA

- WERA FIEATEA 200909 S kel A Al gk 3 5 2195l 4] BTAIRI O] 914
3k HRG1 (rs43245364), PARP14 (rs43242284)9} UPKIB (215 SNP) ®lo]&& #4131 3iu}.
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<3k 3-2-29>. Means and standard deviations for carcass traits measured on Hanwoo populations

Phenotypes Korean native cattle data N Mean Std Dev Median
Backfat thickness (BF) mm 212 13.479 5.328 13.000
Longissimus muscle area (LMA) cm2 212 93.735 10.225 93.000
Carcass weight (CW) kg 212 438.146 42.270 436.000

Meat quantity index (MQI) score 212 64.655 3918 65.140
Marbling (MAR) score 212 20.763 4.750 21.000

<3k 3-2-30>. Genotype and minor allele frequency of three polymorphisms in HRG1, PARP14 and
UPK1B candidate genes genotyped in Hanwoo.

Total Minor
Genotype (N. of number) N.of allele
cattle frequency

Heterozygosit HWE

Gene Position
P-value

change

HRG1 251C>A unknown AA: 8 AC: 61 CC: 140 209 0.184 0.292 0.801

PARP14  251A>G unknown TT: 70 TC: 99 CC: 50 219 0.454 0.496 0.228

UPKIB  209A>G unknown AA: 68 ?2(}5 GG: 26 219 0.404 0.571 0.010
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<3k 3-2-31>. Association analyses of 3 polymorphisms in 3 candidate genes genotyped with growth

and beef quality in Koran native cattle breed.

HRG1-251C>A

AA (n=8) AC (n=61) CC (n=140) P value
(n=209)
BF 13.302 (1.844) 14.718 (0.670) 12.998 (0.441) 0.1037
LM 92.225(3.235) 94.472(1.175) 93.581(0.774) 0.7252
cw 443.780(4.640) 441.110(1.685) 437.640(1.110) 0.1328
MQI 64.435(1.330) 63.905(0.483) 64.948(0.318) 0.2001
MS 18.888(1.680) 20.776(0.610) 20.782(0.402) 0.5445
PARP14-251A>G
TT (n=70) TC (n=99) CC (n=50) P value
(n=219)
BF 13.069(0.628) 14.253(0.530) 12.521(0.745) 0.127
LM 94.330(1.086) 94.597(0.917) 91.193(1.290) 0.0826
CW 440.571 (1.565)a 438.880 (1.321)a,b 433.312 (1.858)b  0.0096
MQI 64.930 (0.457) 64.265 (0.385) 65.040 (0.542) 0.3951
MS 20.831 (0.565) 20.913 (0.477) 20.366 (0.671) 0.7946
UPK1B-209A>G
AA (n=67) AG (n=125) GG (n=26) P value
(n=214)
BF 13.796 (0.637) 13.691 (0.470) 11.631 (1.034)  0.1649
LM 94.590 (1.111) 93.608 (0.820) 92.106 (1.802)  0.4896
CW 441.082 (1.581)a 438.040 (1.167)b 431.001 (2.566)b  0.0042
MQI 64.497 (0.463) 64.508 (0.341) 65.770 (0.751)  0.2883
MS 21.404 (0.570) 20.676 (0.420) 19.499 (0.925)  0.2064
- HRGI-251C>A @ A7t d e sy 7tdolA A& shHw 21974 = #94%
ABA Fdo] LARH skt
- PARPI4-251A>G @297 t}3 e wi=o] nxo Soaoe] #&AHYgow TTHAXES 7}
2 AAAZE TCS CC FHAE e 7H /ARG =AFo] Be] Urhes Aew dFEHIY (P
=0.0096).
- E3F UPKIB-209A>G S 7|vtd A ATl =& 5949 axrr #EHSdv
(P=0.0042). AA §AAHE 711 AAE AGY GGHAAE S 7Fd AT E4F o] wol
Urbs As 3 3 7 A
Angus EZ1 Brahman EZ219] F2 ulbf ZTHOIA 22 QTLEH0| 32 -’c-fLHOIIH Tz =t
g0ot= X0l gt 2418 oI =Hl, BTA1H} b BE SIRESAM &0t LT QI 2lE
=011, 0IF 012010 SILEFSUM |82t VI IHE EMoll HS0IUS
£0| BTATHOIM &= QTLE S0l HoHME HeSEHTIE LTS 012010 FIIXS ASS &l
Ot0d 1 QTL ZI2I0fl st 2utE H30IAUS
lllumina 50K chip2 X%t oI QTL X E A0l TYUZ N S28E
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O Illumina 50k chip genotyping-S 38§38} o FQ
7 (Backfat, cm), &% 5=(Wt Index), ®j & =23 (LEA,

54, %2 o5 FQ [WAAFLiveWr,

b

kg), =AFHCWT, kg), &4+
cm2), S A E(0~100)] ¥ #HE SNP =& 93 %% (whole-genome) 4174 3% 2]

”
MN

©] P<0.001 (-loglOP=3 ©o]/})o]a}ql QTLo] 297) == Ax FAPEE =AFHF 571 QIL
AAAF 470 QTL, sA %57 670 QTL, A+ 77§ QTL, sjd=vH 4 27§ QTL, <
A% 578 QTLe] WAt Qapd = A2,

-

{:——u . 5169. 47501. 5999, 27755
' . 9791. 58055. 46539. 13308. 26078
Carcass weight 55431
5169. 43308. 57714. 47501. 5523
Birth weight { 19438. 41258. 47725. 42369
34247 . 56142 : 4466
Backfat { 49487 . 2260 . 8319
SiX 827. p Y
traits == Meat index 34247 . 4923 41754
of 49487 . 2419 ¥ L 12127
catile 827. 52174 52237
Longissimus 39767 . 24690 W|768 . 15461
—— muscie STen {44343 . 24693 { 39000y. 31263 . 27232
7779 . 33001. 44$98 . 28186 . 21481
15719 . 34305 . 23373 . 25358 . 32389
35437 . 30977 . 28640 . 36803 . 784

_— = ].
\‘ s 19639 . 36534 . 24854 . 8306 . 5486
16591 . 43881 . 16173 . 34038 . 9473

37809 . 17584 . 17180

<71¥ 3-2-10>. 3% GWAS #2lo| thdk SNP vpAA Y BF

of
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BRepA o
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2

o

AT A Boarvh o] Fo] M vh. Bk Takasuga et al, 2007 52 A= LE 2
o
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Genome-wide
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i 13 negative, the Tapanese Black allele decreases i (cormerzely; the Limotinn allele mereases the phenotypee vahee). Dovunance effects are relatrve
o the mean of the 2 homosygous genotypes.

Table 1 Location of QTL affecting growth and carcass traits in a Wagyu x Limousin cattle population.

- Significance »
Position 95% Start End Additive
BTA Trait' () C? Cl F-statistic Nominal ~Genome-wide effect + SE? Flanking markers®
12 180-day 8 69 00 424 B36 0.004 0.09 515+1.78 BMS410, O, DIK2916, 7.9;
weight BM6108, 20.9
16 180-day 79 25 664 end 9.02 0.003 0.084 -8.47 + 282  CS55MO28, 56.5; BM719, 79.4
weight
9 ADGy¢ &0 15 524 677 163 6.94E-05 0.002 0.076 £ 0.019 ILSTS013, 53.8, BMS51724, 781
17 ADGCy 30 26 172 428 11.63 0.001 0.024 -0.059 + 0.017 BMS51825, 0.9, BM51101, 24.4
4  ADG, a3 29 784 end 10.51 0.001 0.043 0.044 £ 0.013  IDVGA-51, 84.1; CADSS8, 93.7
7 ADGg 2 &0 00 319 768 0.006 0.122°% 0.031 £ 0.011 BM7160, 0, DIK2870, 3;
BL1067, 18.3
12 ADG, 8 73 00 443 79 0.005 0.113% 0.027 £ 0.010 BMS5470, 0; DIK2916,7.9;
BM6108, 209
16 ADG, 79 24 669 end 943 0.002 0.068 -0.046 + 0.015 (CS55M028, 56.5; BM713, 79.4
12 BWT 125 24 1128 end 11.92 0.001 0.014 -2.08 £ 0.60 BMS1316, 111; BMS2724, 1253
29 BWT 1 49 00 356 111 0.001 0.037 1.56 £ 0.47 BMS1857, 3.8; ILSTS057, 10.6;
DIK5269, 12.2; BMS764, 15.3
7 HCW 0 39 00 196 973 0.002 0.043 9.48 = 3.04 BM7160, 0; DIK2870, 3
16 HCW 65 21 546 755 10.09 0.002 0.037 =14.10 + 4.51 C55MO28, 56.5; BM719, 79.4
29 HCW 1 33 00 176 1417 0.0002 0.008 11.62 £ 3.13 TGLABE, 0; BMS1857, 3.8
2 LMA 4 12 0.0 9.8 4539 855E-11 1.91E-09 -6.19 £ 0.92  ILSTS026, 9.7; TGLA431,12.6
12 LAMA 1 57 00 396 906 0.003 0.063 279 +£092 BMS410, O; DIK2916, 7.9;
BM6108, 20.9
79—
'ADG; simus

p— 2007 L. J. Alexander et al., Anim Genet

a,

*Units are kg except for LMA (cm?). Effect resulting from a Wagyu allele replacing a Limousin allele.

*Flanking marker, position (cM). In cases where the flanking marker is 1 ¢cM or less from the QTL peak, the next flanking marker is shown.
“Approaching suggestive value.
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<3 3-2-32>. Summary of the Hanwoo SNPs associated with Economic traits in Commercial
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A.Exon 1 (1-373)

Nucleotide position

Bos taurus TTGCCCAAGGCTCCTCCACTCCTGG
Bos indicus TTGCCCAAGGCTCCTCCACTCCTGE
Hanwoo pghﬂ TTCCCCAAGGCTCCTCCACTCCTGE

ra

67
TCATTGATCAGTTCOATGTCCAGA | ¢
[ TGATTGATCAGTTCGATGTCCAGA | Vol 3
TCATTGATCAGTTCGATGTCCAGA

B. Exon 2 (374-T47)

ATATTTGGTTCATAGCTTCCT,
A

Nucleotide position =16 414
Bos taurus CTTTTTT CTTATTCATTT AATGTTHTYTCTTTAAA
Bos indicus CTTTTTTY:[CTTATTCATTT AATGTTHCTTCTTTAAA
Hamwoo poly CTTTTTT CTTATTCATTT AATGTTHCITCTTTAAA
* Insen *un
tt ot
574
AATCCOGATCTEFGAAACTTGA -
AATCCGATCTEFGAAACTTGA
AATCCGATCTENRGAAACTTGA 414(cit) and 574(t'c) didn't change
* ; : :
o their amino acid
C. Exon 3 (748-1128)
Nucleotide position 77 10 1083
Bos taurus TTAGTTIFETTTCT - COGAAGGACAAATIAATATAEFGGAAGATTCCAG
Bos indicus TTAGTTTTETTTCT - CGAAGGACARATICATATATFGGAAGATTCCAG
Hanwoo poly TTAGTTTLETTTCT - CGAAGGACARA rra'u GGAAGATTCCAG
ADelt A
t
+27

ATATTTGGTTCATAGCTTCCTARAACATGGAAGGTCTTCCCCTCA

ATATTTGGTTCATAGCTTCC ll AACATGGAAGGTCTTCCCCTCA
AACATGGAAGGTCTTCCCCTCA

g2 GDF81} DERA REA #0| 17

e, Ay

Investigation of GDF8 and DERA genes variation
in Hanwoo cattie

Qingling Wang, Kwan-Suk Kim*

Department of Animal Science, Ch

<9 -13>
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MARCKS Oligonucleotide(F/R) | Sequence (5'-3") Length (bp) | Annealing Temp

aUTR 1F GGGGGTGGTGGTAATCACTA 439 62.7

1R TTAACTTGACTCGCTTTGGC
SUTR 2F GGAAGGAGACAGACACGGT 445 62.7

R CAGATTTGTAGCCGCACTG
5UTR 3F CCCGCATCTTATTAGCAACCA 492 62.7

ik TTTACCTGCCCATTCGCTTTA
EXON1 4F CTTTGTTCCCTCCTTGGATCT 402 62.7

4R TATCACTTCTTTCCTCCCGTCT
EXON2 5F AACCCCGCCTCCCCATAAG 352 627

SR TCTTGAAGGAGAAGCCGCTCAG
EXON2 &F CCTCTGCCGCCTCCTTGAC 418 61

AR TTGCTGGGCTCCTCGACGG
EXON2 TE GAGGCCAAGCCCGAGGA 365 Al

TR CAGTACCTGGCACCACTCCAA
T n T n | F] [2] [ [ = [2] [ T [2] G (3] G [ [H A A T [H [ A G T A C T G
T A T A G A C [H [ A C m A [5 [:] [ C C [:] [3] T C C A G T [:] C T G
T [:] T [:] [ A C C [~ A C T A [~ A G C C A [;] T [ C A W
T n T n G n C [ [ A [ T A [ A G [ [H [3] A T [H [H A G T A C T
T A T A [ A C C [ A C T A [ [:] [ C C A [3] T C C A G T [:] C T G
T [:] T [=] [ A C C [~ A C T A [~ A [~ C C A [3] T C C A [ T [3] C T G
AV N AV VAV YA PN ATV AVATATAY

<29 3-2-14> 3¢ FFW MARCKS 7|4 ®o] &4

f
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<i 3-2-34>. Identification of SNP within Candidate gene on Milk Production QTL

Enterz gene/

SNP NAME Chr Position emsembl Blast . Loaction
Uni protKB/
BFGL-NGS-116590 4 79701137  79,699,837~79,702,437 Q24K01 79,665,909~79,735,389
UA-IFASA-2781 5 32829967  32,828,667~32,881,267 ACCN2 32,822,040~32,844,545
BTB-01332940 10 75246969  75,245,669~75,248,269 SLC38A6 75,210,144 ~75,280,096
BTB-019975127 13 47231587  47,230,287~47,232,887 PRIO 47,214,647~47,234,369
ARS-BFGL-NGS-103597 22 52670501  52,669,502~52,671,801 SHSAS 52,668,400~52,671,531
Hapmap38196-BTA-114696 26 23604859  23,603,559~23,606,159 A5D7G2 23,559,654~23,660,760
ARS-BFGL-NGS-39846 27 36421058  36,419,758~36,422,358 HTRA4 36,412,773~36,428,531

9 S2ERQl F59 SNPHIE HlwoA] vl-¢ foJdoz & o5 Yel i SNPUHAE
ek FH QUG E o] E AFEF R, 9 SAERRIEENA SNPRIZS] & Ao
B A

o]
g sl g

g polt fAAEC] EASE QA WA A6 WA 7 FEE #
A49 535k FoRe APYFL ATF oY - FAHOER WEFY @AM B

<ik 3-2-35>. Hanwoo and Holstein Sequencing and Genotyping results

cattle Q2301 ACCN2 SLC38A6 PRIO SHSAS ASD7G2 HTRA4
Breed T C A C G A T C A G A G A C
Allelel 1 1 0.95 1 1 0.3 1
Allele2 0 0 0 0 0 0.2 0
Hanwool TG GG AA T GG T AA
Hanwoo?2 T GG AG T GG T AA
Hanwoo3 TG GG AA TT GG TT AA
Hanwoo4 T GG AA T GG T AA
Hanwoo5 T GG AA T GG T AA
Allelel 0.1 0 0 0.3 0.2 0.1 0
Allele2 0.9 0 0 0.3 0.2 0.1 0
Holsteinl GG AA GG TC AA GT CcC
Holstein2 GG AA GG TC AA GG CcC
Holstein3 GG AA GG cC AG GG CcC
Holstein4 GG AA GG cC AG GG CcC
Holstein5 GG AA GG cC AG GG CcC
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2 SAA AA =7)(3x109bp)e] 174H)] o fr
O w23 A3 SIMD 7]Es A4E3ke] NCBI 5=

(reference assembly) o+ -4 A <E 9

AstAS sholsl Aub 92% o] A ¢

g
Chromosome information Mapping information coverage Mapped paired information
__chrNo. RefTotLen #of reads  #of nucleotides  Fold 1+ CoverSite ratio 3+CoverSite _ratio Pairs-read __ratio
1 160,281,243 25403814 1935,291,665 121 146791625  (916) 134153049 (837) 5950915  (469)
2 140210416 22275539 1,696,746,04% 121 130136931  (929) 119030561 (849 4968551  (446)
3 127,393 604 22166050 1,687,095,340 132 116874286  (917) 107503256  (844) 5157126 (465)
g 123,869,208 20321693 1547041648 125 115293415 (931) 105378675 (851) 5362593  (528)
5 125272759 22,092,148 1681851428 134 115027776 (91.8) 105033211 (838 4680889 (424
6 121,961,022 21190931 1613966173 132 110450576 (906) 100655424 (825) 5403657  (510)
7 111483216 19,385,284 1475926376 132 102950240  (923) 93993077 (843) 5204999 (545
g 116442821 19,290,231 1468324519 126 106430600 (914) 08414478  (845) 4386778 (455)
9 107,595,351 19873651 1512,208,156 141 99329982 (923) 90722530  (843) 4115757 (414
10 105,883,598 21,799,291 1657820493 15.7 98615492 (931) 90687976  (856) 4427300 (406)
11 109,786,769 23,466,704 1785081750 16.3 101231455 (922) Q443718 (342) 6946490 (592
12 84983539 18,305,396 1,390,713,604 164 78716098  (926) 71370783 (840) 5091783 (556)
13 84,164,198 21072915 1600659875 19.0 78181633 (929 72511607 (862 6046459  (574)
14 81,095,643 18,365,304 1,396,185377 17.2 75521517 (932 69306331  (855) 5,367,699 (585)
15 24178453 17225187 1308315214 15.5 77196838 (917 7062929  (840) 4719,100 (54.8)
16 771586,053 14410654 1,094,631,794 141 70820548 (913 64903408 (837 4110527 (57.0)
17 76,236,943 16,310025 1,238707 381 16.2 6913704 (90.7) 62670197 (822 3,530,632 (433)
18 65,876,439 15673756 1189370026 181 59,308,119 (900 53904141  (3L8) 3169404 (404)
19 65,117,493 15,921,905 1,207,909,010 185 59064613 (907 53307608 (319 3320497 (417
20 75,486,353 13912008 1,057,569,355 140 69223281 (917) 63323731 (839 3,501,045 (503)
21 68,868,390 15170185 1,152.445620 16.7 63473722 (922 56028556 (343 3519237 (464)
22 61,688,140 13093625 994856171 16.1 57341440 (930 52874912 (857) 2,955,206 (45.1)
23 53,206,148 11,630,031 802682472 16.6 48936089  (91.8) 44491492  (836) 2,677,646 (46.0)
24 64720233 14215860 1079257047 16.7 9989207 (927 55001745 (831) 3403106 (479)
25 43815403 13,099,568 994 616,046 227 39836435 (909 35916926  (820) 3469,702 (530)
26 51,545,746 12464234 045,556,375 183 47132088 (914 43263528 (839 3,490,696 (56.0)
27 48564334 13191311 1001117168 20.6 44356056 (913) 40676282  (838) 3741329 (56.8)
28 45,924 206 11,390,504 864,074,255 188 42310417 (92]) 38041263 (849 3,056,298 (537
29 51723940 13,794,685 1,046,613,561 20.2 46419725 (89.7) 42089280  (8L4) 3,789,745 (549)
X 87,986,663 15,264987 1158176913 132 78662672  (894) 62685128  (112) 3239629 (424)
Un 283532663 29,567995 2256,277160 8.0 253083551  (89.3) 220600545 (778) 7416799 (502)
contig 2906440987 551345531 41921988025 144 2661743531 (916) 2414722716 (83.1) 136,316,803 (494)
Chromosome 2,622908,324 521,777,536 39665710865 151 2408659980 (91.8) 2194062171 (83.6) 128,900,004 (49.4)

<Z1¥ 3-2-15>. Reference assembly A L.
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<3 3-2-36>. NCBI reference] €3} H|WE EF3F assembly 23} 2 A4 Ay}

Sequencing Assembly
No. of  No. of Depth Mapped  Mapped Mapped Mapped Mapped
reads bases reads(%) bases depth  coverage coverage
(G bp) (G bp) over 1x over 3x

551,345,531 41.92 14.42 91.58 83.08 Contigs

628,863,867 49.33 16.97

521,777,536 39.66 15.12 91.83 83.60 Chromosomes

T ol(Inde)& =333, Vo FHAEFEAENCB)Y FHE 49

) o] B] o]l o] 2~ (dbSNP) 2} M]3k uf, 28%2] SNPi= FQ3d Aoz o] 42 dbSNP uo]g

AAL] ofF 54%0l siFakar, v A 72%= A B Ao 4.

<¥ 3-2-37>. 309 AMMA o ¥¥EH 3¢ SNP 33}

O Q5 At 5 FA A elA 31087 ol FAA SNPe} 6% ol
x|

=
>

=

el #4

G

Variation Counts Average
Total Length Interval
Chr. No. of;b(;l)lr. SNP Deletion Insert Total I\’/e;lr%;l&o%f

(bp)
1 160,281,243 177,118 1,974 1,453 180,545 888
2 140,210,416 141,383 1,703 1,345 144,431 971
3 127,393,604 137,938 1,638 1,207 140,783 905
4 123,869,208 139,782 1,491 1,073 142,346 870
5 125,272,759 120,616 1,427 1,179 123,222 1,017
6 121,961,022 139,272 1,551 1,186 142,009 859
7 111,483,216 122,302 1,370 1,010 124,682 894
8 116,442,821 132,643 1,476 1,088 135,207 861
9 107,595,351 110,784 1,289 1,010 113,083 951
10 105,883,598 117,578 1,369 970 119,917 883
11 109,786,769 114,829 1,313 1,025 117,167 937
12 84,983,539 97,176 1,082 787 99,045 858
13 84,164,198 101,770 1,107 774 103,651 812
14 81,055,643 91,387 1,081 739 93,207 870
15 84,178,453 108,413 1,103 782 110,298 763
16 77,586,053 92,015 999 714 93,728 828
17 76,236,943 81,656 989 739 83,384 914
18 65,876,439 72,821 837 629 74,287 887
19 65,117,493 64,886 776 572 66,234 983
20 75,486,353 89,521 973 745 91,239 827
21 68,868,390 76,741 860 665 78,266 880
22 61,688,140 69,069 836 557 70,462 875
23 53,206,148 61,008 672 593 62,273 854
24 64,720,233 69,743 764 625 71,132 910
25 43,815,403 54,523 593 400 55,516 789
26 51,545,746 69,006 692 474 70,172 735
27 48,564,334 63,339 692 486 64,517 753
28 45,924,206 64,495 612 489 65,596 700
29 51,723,940 76,668 723 496 77,887 664
X 87,986,663 48,237 479 343 49,059 1,793
Un 283.532.663 211.054 3.547 3.013 217.614 1,303
Contigs 2,906,440,987 3,117,773 36,018 27,168 3,180,959 914
Chromosomes 2.622.908.324 2.906.719 32471 24.155 2.963.345 885
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<# 3-2-38>. 3% SNP9} NCBIo| 525 ¢4 SNP9 uliu
Chr.No Total HWSNP  Only hwSNP (ratio) Common SNP (ratio) OnlydbSNP (ratio)  Total dbSNP
1 180,545 113675 (63.0) 66870  (37.0) 71590  (517) 136,460
2 144431 106014 (74.8) 6417 (52 43430 (544 79,847
3 140,783 100557 (72]) 1926 (219 8391 (529) 83,203
4 142,346 94148 (66.1) 4819% (339 54385  (53.0) 102,583
5 123222 102512 (832 20710 (168 084 (59.8) 51,544
b 142009 94736 (66.7) a3 (333 55767 (53.) 101,040
7 124,687 82116 (65.9) 256 (4] 45001 (514) 81607
8 135,207 86467  (640) 48740 (360) 50945 (51)) 99,685
9 113,083 BSH0  (749) B8 (252 UB (49 63327
10 119917 84s07  (708) 31500 (92 36330 (523) 73,340
11 117,167 86622  (75.6) 28545 (44 32566 (533) 61111
1 99,045 15359 (16]) 23686 (239 26865 (549) 52,51
13 103,651 68668  (6.2) 3983 (339 084 (468) 65,817
1 93,207 66801 (L) 6406 (83) 2948 (528) 55,889
15 110,298 66850  (606) B (394) M6 (506) 88014
16 93728 62420  (66.6) 338 (334) 3264 (519) 64,572
17 83,384 64235 (770 19149 (30) B3I (639 53,060
18 74,281 52338 (705) 2949 (299 941 (64)) 61,090
19 66,234 52288  (189) 13%  (L]) B0 (643) 39,116
2 91,239 02743 (68.8) 284% (312 481 (609 292
A 78,266 9741 (763) 1855 (37 3199 (633) 50524
2 70462 51798 (739) 18664  (265) 29214 (610) 47878
2 62273 55162 (886) 1 (114 15089  (680) 22200
pli 1,132 5985  (84.1) 11276 (159 18395  (620) 29671
25 55,516 41485 (747) 14031 (53) 13670 (493) 27,701
2 0172 42807 (610) 365 (390) 249%  (@41) 5232
2 64517 4912 (696 19605  (304) 19179 (495 36,784
28 65,59 45332 (9] 0264 (309 18889 (482 39,153
i 71,887 46761  (60.0) 3,126 (400) 951  (487) 60,647
X 49,059 45864 (935) 39 (69) 10523 (767) 13718
Un 217614 189,061 (86.9) 2853  (13)) 25683 (88.3) 244,236
contig 3180959 2295775 (722) 885184  (278) 1236432 (583) 2121616
chromosome 2,963,345 2106714 (70) 85,631  (289) 1020749  (544) 1,877,380
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10. 3¢ FAANA FrP 3M SNPE o] &

&t

& SNP EA4 A28 7

O AAd d7IAdEA WS o83t s 1A 10vteld] sk fdA S-S S8l 3109k
Mel zAA<el SNPE w3k, olo sk F71&d<e #2485 International Affymatrix

Consortium®l] Z-o]&le] 3714 1150 3k 2.7M SNP £4-& 43039 &

Whtfynetriy Confidential

#0 Not Distribute

#hl1eles: /B

#alls: -1=HN, O=h&, 1=iB, 2-BB

snp_id allelesfwd  chr snp_pos HENOMCR331T  HAMOMCESFE  HANMOMCES31S  HAWOMCRI3ZD  HANUMCESE2!  HAMUMCHSaz?
Aix-38000019 C/T 1224 2 Z 2 2 Z 2 2 2 2 -1 2
Afy-38000040  AC 16347 2 ¢ 2 2 ¢ 2 ¢ 2 2 2 2
Afy-38000044 G/ g 0 0 0 0 0 I 0 0 0 0 0
Afx-38000080 G/T @429 2 2 2 2 2 2 2 2 2 2 -1
Afy-38000098  AG ¥ 2 ¢ 2 2 ¢ 2 2 2 2 ¢ 2
Mfy-38000000 G/ e - ¢ ¢ l ¢ I ¢ ¢ ¢ ¢ ¢
Aix-38000102 &G I I I 2 l 2 l 1 2 ¢ 2
Mix-38000107 &G 3640 0 0 I I 0 I l I l 0 !
Afy-38000108 AC J6EEE D 0 I I 0 I I I I 0 I
Aiy-38000126 AC 4423 1) I 0 I I I I 0 I I I
AMix-38000238 &G TR Z Z l Z I l Z l Z I
Mfy-38000254 G/ g3E 0 0 0 0 0 I I 0 -1 0 0
Afy-38000258 A 84360 1 I 0 -1 I I I 0 0 0 0
Aix-38000266 G/T ge000 ! I 0 l I ! I 0 -1 I 0
Mfy-38000269 AG geEed 2 ¢ 2 2 Z 2 ¢ 2 2 ¢ 2
Mfy-38000280 AG 9 0 0 I 0 0 I 0 I 0 0 I
Afx-38000281 &G ged 2 ¢ 2 2 ¢ 2 ¢ 2 2 ¢ 2
<71¥ 3-2-16>
O 2

Affymatrix Consortium-> A A Al &AF-AAEoF A=A A2t 1EFo] Zofste] 1071

AEFO AVNANEEANAINE depositste] 45M SNPE 131413 o] & nigto =z Mg 3M

d

SNPE 7FA 3L 207] & 4007R Aol thah Fdxd & F438%a, 2 A3 AffymatrixAlol A]
Axiom Genome-Wide BOS Array (600K SNP) 7o &83%e. A& 3 dAE2A 0
ALE5 = Y F U UALe] SNP Chip2- 54K SNPE ¥ 3bslal QA gt 2 ) A9

S AERQIE S Al E FA o2 Juty o], dhEEo 48319 -s u 33K SNPRE-S
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Figure 1A: SNP development process.

Process

Sequencing effort by the

Affymetrix Bovine Consortium

Filtered to SNPs that physically cover the genome
and were identified in multiple breeds

Ran screen with array plate format

O Affymatrix Bovine Consortiumo] =5 %]

20 breeds;

/
.

~400 samples

b
>

< &G @

SNP contentE &1 319 &

Table 1: Polymorphic SNPS per breed in the 3 million validated list. Average minor allele
frequency for unrelated samples.

o

T

e 3M & growing
validated SMPs

Genetic
SNP
selection

Axiom™ Genome-Wide BOS 1 Array Plate

[eZ]
S

Polymorphic Unrelated
SNPs samples call rate (%)
Afrikander 1.4M 0.2 = L3 99.5
Angus 1.4M .21 =14 25 99.5
Avyrshire 0D.96M 0.2 & 3 99.6
Blonde d'Agquitaine 0.99M 0.27F 5 ! 99.5
Boran 2.Z2M 0.26 10 b | 99.5
Brahman 2.4M .23 2 19 99.1
Brown Swiss 0.99M 0.28 10 5 992
Simmental 1.4M 0.21 16 16 99.5
Sir 2.1M 0.2 2 15 99.3
Hanwoo 1.3M el 11 5 99.4 I
Hereford 1.2M 0.22 21 15 99.5
Holstein 1.6M ZE 56 34 99.5
Japanese Black 1.1M 0.24 10 8 S99.6
Jersey 1.2M 23 2 13 99 5
Limousin 1.4M D.21 20 17 99.5
Melare 2.3M 0.22 50 38 99.4
Morwegian Red 1.0M 0.39 7 & 99.5
Rouge des Prés 0.7M 0.33 5 2 99.6
Romagnola 1.6M 0.20 26 18 99.6
Tuli 1.4M .29 4 3 99.5

*pverage minor allele frequency for unrelated samples.
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S AA 149 25M -

998140
AollA E=AF o4 daFe F= FA9lol ddFAAE PLAGI FAA7F =¥ A+
a)
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¥
b
&

<Z1¥ 3-2-19>. Split view for BTA14 read mapping a) All contig view; b) PLAGI1 gene location
O BTA 14 QTL 99 A= (PLAGI) oA &g IH dA7jAdwo]E 3xd %
o
=

FAE FSHAA

YO0 ATAR0R

- I WIH 2 ihl ||u|r = “I[l" F' ]1 ['i]’- Iﬁl-':-

<Z1¥] 3-2-20>. Discovery of all candidate SNPs from Hanwoo PLAGI1 gene
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P ¥ 8T EETTC
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208 SEAAR
#B3 BRRR

!
Moves B AP Dorecnen Tabls rinse o=
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seacallema |

ANerNE-ar
gececgeeen

WD A,
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BV O AR G s T G GRS G T G G o, S R 5 0 T o | [ A A A T TR T RS T GRS A T, T T G G G o G SR R T G T Spgil
-

PE— i BGCECCEOGCCC TECACGOGGGECACHAGGGORGGMAC S T CMGGT

[T ——

GO CECCagaC TR A ACaacCACOAGCaOCOACE TEAC G
0 0 U T R R 3 A W R A e 0 R D 4D 0 A 3 D T
aveacalr

[<]+11)

R R

ECTOCAAAGTATOCE T GCAGACET T G0 ACAGE & G GO0 GEGT o

LB N N= W

W T w00 A L o

PP

TR | MalarangE [rrp——"

A3aar

LD B S - b

1An R

TR TI

1) Promoter A —G 2)806 G—T 3)1275 A—C 4)1938 C—G 5)3¥UTR C—G

Ref.Pos. Con.Pos. Allele Variations Frequencies Counts Overlapping Annotations AA Change
Promoter - AIG 85.015.0 m Promoter. PLAG1, Gene -
806 803 GIT 75.0/250 6/2 CDS: PLAGT, Gene: PLAG1, mRNA Met100lle
1275 1262 AIC 7271273 8/3 CDS: PLAGT, Gene: PLAG1, mRNA Asn257His
1939 1926 CIG 75.0/250 62 CDS: PLAG1, Gene: PLAG1, mRNA Serd78Cys
5UTR - C/G 85.0/15.0 18/2 FUTR: PLAG1, Gene -

<21¥ 3-2-21>. Characterization of Hanwoo PLAGI1 gene polymorphisms
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SNPE -3 NGS w]o]ete} ] shsict.

1 2 3 4 ] ] 7 ] [ 1 1 5 ]
IFASA-THF GL-N0S-p b0 105 BT/BFGL-BAC TB-003 565005741 S-rs293 255 2- BTASO246. BTAIL-NGS-11 1TH.012519 TH-01 25 203FOL-BACIFOL- NGS- TH-01 1523 TB-01 2523 TH-01 2523 TB-012 52 3AFOL-NOSAFGL RGS-AFGL- NG5 A-IF.
14 14 14 14 14 14 14 14 14 14 14 14 [F) 14 B4 14 14 14 14 14

]
(=S + s 451 @38 1t hd =2 - o858 131

LY

1 1w 8 12 L]

-9~ Bovine 50K armay 23} ¢}o] u]w

o

<Z1¥ 3-2-22>, W3 SNPo ASs AZEL 9

ok

O % 69702 SNP <% 50K chip¥} NGS d o] el &4l polymorphicdt SNP= 537 = e O
o, T do)g s EelA ehd SNPsms 16712 #25] ¢) v}
- SNPs match percentage -> 77%
- SNP unmatched percentage -> 23%
O #% PLAGI 47|Aag o] 3ol wzg SNPe| slAl A4 Swols] EddTe o
2 w439,

<3 3-2-39>

o

i

Total .

PLAG] Gene®  Position® AAchange:  Genotype (No. of pigs)® N.tgf A_Frege B_Frege Heterozvgositys (PT;Ee;-'
cattles
55250608718 A>G+ Promoter — AA: 100 AG:47 GG:248¢ 3050 A Freq:0.11¢  G_Freq:0.89¢ 0.196+ 0.0022¢ ~#
rs109231213 C>G< 3'UTR# - CC:0¢ CG:49¢ GG:319¢ 368 C_Freq:0.07¢ G_Freq:0.93¢ 0.123¢ 0.5066¢ *
Model Mixed: Sdate and Sex fixed effect, Sage coverience effect, Area Random effect-

= = Genotypic least squares means = (SE)¢ e i
PILAG] Genes  Traite AAv AGe GGe Overall P-values a = sd (P-value)» ¢
55250608718 ¢+ CWT+ 335.73=18.08a¢ 37742x746bs 37124 z486be <0.01*¢ 43.66 + 18.67 (<0.01)°» ¢
A>Ge BFT+ 11.87+2.57¢ 12.77 = 1.06+ 13.40 = 0.69~ >(.69 0.89 = 2.66 (=0.73)¢ *
- LMA» 73.93£4.82¢ 8430198~ 83.26+1.29» =0.110 10.375 £ 4.97 (<0.05)» ¢
¢ MAR» 533£0.74% 3330305 390+ 02008 <0.05¢ 1.99 £ 0.77 (<0.05)- 9
PLAGI Genes  Traite CCe CGe GG Overall P-values a = sd (P-value}e e
rsl00231213¢ CWTe —e 3824080920  36880=475% <0.01* 13.59 4 7.24 (<0.01)"* ¥
C>Ge BFT» — 1187=1.14¢ 1346 = 0.67¢ >0.12¢ 1.59£1.02 (>0.11) e
v LMA» —v 86.98=2.07 ar 8271=121% <0.01°+ 4.27 = 1.85 (<0.05) ¢
= MAR» —o 429+033» 3.79x0.19¢ >0.095 0.50 = 0.30 (=0.09)~ ¢
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¢ PLAGI FdA¥ole FPFwe-rAIZAA m-¢ Fo]a2d dAadAS vellon, o
&3l Z3}i= Nature Geneticsol| A Karim 5 (2011) o oJ&jq ¥ PLAGlI FdA7} &9
AAE AAz e ddFdA s 2aget A5

5% PLAG] 7429 Promoter <3 <9 55250608718 A —G ol A &l §Ax2) vx
7F 011 o2 AL Aog #HEHJOW AA FAANHES M A $A4AE A
(Dominant Effect)Z e AA F4AHS AG 9F GG +4A8 S 714 AAHT =4
Zo] 43.66 + 18.67 kg ©] A Y7l Aoz gelEd).

HH
.

-

3'WTR 949 9] 15109231213 C—G Wolo] FHdAd &3+ C YHFHAA7F 0072 v -5

e HER FFHJAAT C PPFAAE 7HA L = C6 FdAH Y 4% GG Fd4H3
S 7F A B} 13.59 +£ 7.24 kg o] T UrlE 382,40 £ 8.09 /AR EEon o] 445F
= (o)

A HaFgEy 2L 2AS 2 S 2w Sk AR vEEY oY
3l A3} Nature Genetics] A 39} 5

59 PLAG1 74 %}2] Promoter <3} 3'UTR < ¢12] SNPIFe] AdE+rdH-S 7| fl3lA

o)

LD #4& 339 2oH s5250608718 A —G W o]} rs109231213 C—G WHo|7he] AF#E4f

A Q (GHC allele) & sAlel 233 E3E F43L7] 934 Haplotype & T3] 2
23E FAsA T

<i 3-2-40>

o o [D'] -
= - 5250608718 A>G¥ rs109231213 C>Ge ¥
55230608718 A>Ge —a 0.81+ s
r-square+ 1
rsl09231213 C>G¥ 0.01# — -

Haplotype« 55250608718 A>G¥ rsl09231213 C>G¥ Frequency+ +

Htl«~ Ge G 0.826+« &

Ht2+ Ao G+ 0.109¢ o

Hit3+ G Ce 0.064« o

Model Mixed: Sdate and Sex fixed effect, Sage covariance effect. Area Random effect+

Haplotype« CW, kg BF,.cm +« LMA, cm?s MAR, 1~9+ 1
Htl vs. Ht2 (estimate)r >0.44 (-5.36)+ >0.61 (0.50) >0.88 (0.27)~ =>0.20 (0.36)»
Htl vs. Ht3 (estimate)e  <0.01 (-23.40)c  >0.34 (1.20)¢ <0.05 (-4.41)~ >0.22 (-0.45)¢
Ht2 vs. Ht3 (estimate)e >0.08 (-18.04)¢ >0.64 (0.70)¢ >0.09 (-4.69)¢ >0.06 (-0.82)

ol2e] Auel A PLAGI fAA#ol= 3% BTAIMG] EAFe] Jg& & AAF7
oM, dewe] ANAAEAARE Fo QINe| tjd w2 9 AL FAste), ¢ I

Fa Aol 482 5
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. @930 A w2 QILel U 9AFAR B 2L A%

O whEgo] #& QTLo| #9944 3ulelA Wzsglon], Wwe] o &5 SNP w7 EDGI
Aol =2 3= Hapmap39048-BTA-997640]t}. ¥l=¥ SNP7} ¢ %3 EDGl /7 A=

4
QoA ROl fel4e) dFL F Aow A BT} (Sukegawa ct al

2010; Yamada et al. 2009; Yamada et al. 2010)

SNP Chr Position(bp) Allele MAF
Hapmap39048-BTA-99764 3 44,502,770 T/G T (0.3)
O 3% 944 3H wEy QTLo] YRF$ mEde A3S FE L3 F4A A A
Aol weh §9 EDGl a4 dd 97149 B Fdelel, wEs SNP WolE

<3} 3-2-41>. Effect of genotypes on meat quality traits in Hanwoo cattle

Genotype Trait(LSMSE)
(no. animals) cw BF LMA MAR
GG (21) 403.80+871°  10.90+0.90°  85.97°+1.88° 4.09+0.33"
GA (227) 424284292°  1256+030°  87.73°+0.63° 4.46+0.11°
AA (295) 422584264°  1271+027°  89.19°+0.57° 5.03+0.10°

& ™ Estimates at different genotypes without a common letter in their superscripts significantly differ (P < 0.05).

o AAA 3N vlEgo] Aggs F= JolSAXEN EDGl wHolsl mj$ a3k SAA

roi

[e]
o
2= S &9 31 a, FrEd o2 eI AA 13 A wEE PRPF6 4 Holet &=
T BAS FIA T AAA HAU AU 23 E dEste AS g3t SEFEE

o) 5k Muke] BTA3MF 13Wo] EAle] @88 4 9uls AL

R4

3o
=2
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7823} (International bovine hapmap project) 3 TH o= DNAE FE3% & Illumia 50k

o] O

SNP chip-& ©]-&3}o] genotypingS 3}

&

o
W
z
~
(il
iy
dlo
i)
i
flo
BN
oY,

O Illumina chipel] Aloj A Q&= & 55074 SNPE oA 3k

1) minor allele frequnecy > 0.05
2) call rate (¥ missing genotype) > 90%

3) Genotype_group >1

O 9 AZbA AL W= A7) SNP BAEE F 38,023 SNPABOH (69%), 7+ A 5

= Uk 2k ol it vhAZE A7) 1eM (1000kbp) o Wi & LhEFE.

<3k 3-3-1>

2372 1 1938 | 1856 | 1779 | 1603 | 1820 | 1624 | 1657 | 1452 | 1520 | 1580 | 1145 | 1269 | 1234 | 1192

16 17 18 19 20 21 22 23 24 25 26 27 28 29 X

1126 | 1107 | 939 | 1000 | 1107 | 997 | 907 | 798 | 903 | 714 | 747 | 708 | 659 | 744 | 487
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s Available_SNPs - Microsoft Excel = x

HoE ook &AL Holg  EE =9 @ - = x

= — o= s s e [E==WIS > T4 5 "
BT P [== | L =5 B I (1 jxﬁwf b 4
|[@= 2t -|[H |l EE Z12 | S o B | (e %%%%74%‘
= = o= = = =3
[ 1 - ( fe| Freq A
A B € D E F G H 1 J K L M N o] P Q R

1 Order_no SNP BTA  Distance (bp) No_gen Mis_gen AA (1) BB (2) AB (3) Freq_A Freq_B| Miss_rate Gen_rate Passl MAF Pass2 Gen_group Pass3
2 1 51032 ik 113642 45 2 23 7 15 0.678 0322 0.044 0.956 1 0322 i 4 1
3 2 6496 I 244699 46 1 0 39 7 0.076 0.924 0.022 0.978 1 0.076 1. 4 a3
4 3 22465 i 447278 46 1 20 4 22| 0.674 0.326 0.022 0.978 1 0.326 ik 4 i
5 4 55218 i 487654 45 2 32 12| 0.156 0.844 0.044 0.956 il 0.156 1 4 1
6 5 17760 1 524507 47 [0} 35 0 12| 0.872 0.128 0.000 1.000 1 0.128 Il 4 1
7 6 24861 I 562285 46 1 32 13 0.163 0.837 0.022 0.978 1 0.163 1. 4 1
8 74 938 ik 643559 47 [0} 0 42 5 0.053 0.947 0.000 1.000 1 0.053 iE 4 i
9 8 17537 1 681960 45 2 19 23] 0.322 0.678 0.044 0.956 iy 0.322 Il 4 1
10 9 22476 i 807571 46 Il 21 S 20| 0.674 0.326 0.022 0.978 1 0.326 nl 4 1
11 10 16512 af 838468 46 1 39 7 0.076 0.924 0.022 0.978 1 0.076 1 4 i,
12 1T 566 a5 913630 47 0 3 26 18 0.255 0.745 0.000 1.000 1 0.255 1 4 i
13 12 868 ui 988597 47 0 38 0 9 0.904 0.096 0.000 1.000 gl 0.096 1 4 1
14 13 31070 1 1008611 47 [o] 13 12 22| 0.511 0.489 0.000 1.000 1 0.489 i 4 1
15 14 1437 I 1043153 46 1 14 6 26 0.587 0413 0.022 0.978 1 0413 1. 4 1,
16 15 1465 3k 1073350 46 1 3 4 29| 0.598 0.402 0.022 0.978 1 0.402 1 4 i
17 16 158 1 1097491 46 il 2; 26 18 0.239 0.761 0.022 0.978 il 0.239 i 4 iy
18 17 1430 i 1121300 45 2 12 6 27| 0.567 0433 0.044 0.956 1 0.433 1l 4 1
19 18 276 i 1147167 47 Q 0 39 8 0.085 0.915 0.000 1.000 1 0.085 1 4 i
20 19 55173 1 1170768 47 Q 26 2 19 0.755 0.245 0.000 1.000 1 0.245 L 4 i
21 20 25595 i 1196423 46 i 13 9 24 0.543 0.457 0.022 0.978 1 0.457 ¢ 4 T
22 21 17175 1 1247321 44 3 0 32 12 0.136 0.864 0.068 0.932 1k 0.136 i 4 I
23 22 30599 I 1324142 46 1 34 1. il 0.859 0.141 0.022 0.978 1 0.141 1 4 1
24 23 4783 ak 1354281 44 3 1 27 16 0.205 0.795 0.068 0.932 1 0.205 1 4 i
25 24 13407 1 1479888 47 0 25 18] 027 0.723 0.000 1.000 il 0.277 il 4 iy
26 25 13 i 1570769 46 il 15 7 24 0.587 0413 0.022 0.978 1 0413 il 4 1
27 26 281 T 1593415 47 0 15 24 0.426 0.574 0.000 1.000 1 0.426 1 4 1
28 2% 5024 il 1662072 46 1 16 8 22| 0.587 0413 0.022 0.978 1 0.413 1 4 i
g 28 9080 i 1705125 46 il 17 6 23] 0.620 0.380 0.022 0.978 il 0.380 1 4 1

29 19274 1 1729495 46 L © 17 23| 0.380 0.620 0.022 0.978 1 0.380 i 4 1
W 4 b ¥ chosnp.in /%3 & m E— | |

=]

0500 7h4 76048 &: 38023.000 |[EEID M| d20%a(0):

8

<718 3-3-1>

. @ s ol 7 SNPEZF ARE++s FA} W Hapmap 273

O 7 oA H2 783 SNPE& AT 5 457) &) =4 JfAlEe] 4 A4 A3}

o
4
o
&
o
it
o
I
©
2
£

haplotype W2 (7 91 44) el F vATE Q¥ H Y (LD)E

I ; 5 .
7l —p)a(l —q)

O o714 pi & A HA v} tHHAA i (of]: 1st SNP allele '1)e] HIEE E3H g F+ HA
A o HelAl jo] (o: 2nd SNP allele ') ¥1=E 7tE]zivh. wela] wpA 8k B £ 47
] haplotypeo] (11, 12, 21, 22) A} &t hij= F wA el A= j hapltoype] HIE=E 7}
ot
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O 7 9MAME Y= T AL Al 5000kbp (Ei SeM) o]FHEE F AN S
AW T vbAzre] Ag 2 0~10kbp, 10~20kbp, 20~30kbp, 30~40kbp, 40~50kbp,
50~60kbp, 60~70kbp, 70~80kbp, 80~90kbp, 90~100kbp, 100~200kbp, 200~300Kkbp, ------- ,
4900~5000kbp = T-E-3}9I}.

O F wAZ A7k 10 kbp oJWfidl A§ sAMA= 0522 vie A vE HoH
10~20kbp, 20~30kbp, 30~40kbp A% 0.2 o] oz w-$ fo)d o=z =4 e ).
O AT F wARY] Agrt B3 Hold & rsquare gt F3 rolxlom 200kbp o] A

ol A% 0.1 osE %A e ek #9499 rsquaregte 012 2RAAS ¢

e

ZoA LD frofE (=0.1)% /2 e PrHom viAe} vpAzl Ei
At JAst ddd QTLZES] A7) 200kbp 3= 0.2 ¢cM o] % QTL} 33k vt
7ot @A) Ayde] @Al A= Y)Y "k A RE wvpAZE 7HA o] 200kbp o] <]

o] B go]l WolxA & A= VY, olHE A-¢ F mpAd o3 Af v

He (LD) AH W= QTL F4¥el olg] v Ee LD AKWE FA]o] o]&3l= haplotype

LD mapping W& FPsH= Zo] AH #HE QILE VA3h=d v FEd HAuE A

3 & Ao® Jdf dvh 7 WA A7k 5000 kbp (5cM) oD A= e A4A
o e 0.025¢F 4 X @AM E 0.03 gro2 FH S o] F3H

O 4 X QaAe] A= T vhAze] LD = ofgre] ol AW qAd oz 45
Ao A FAR T A Aol EAels LD @ Wb wad %A Jepdth 2 o]
s QAR AQAANAE & 4 (HIA LA dojA 2] u)

A
Loy weEbA AdxuFy o] Fojxl Ay Zw ol @ Hads Aow welv.

O Hyg gL @44 19 2 AF4A XA w7z LD v #< veha gt

BTA 1 BTX

dp SOV T s By T s S5 e Thw et etmme o etie tue
L T Ty adete . 2Y L gE il e ed s
T A SRR LT e

1se0 2000 2506 000 sson 4000 4500 S000

o
kbp o

<y 3-3-2>
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<¥ 3-3-3>

{u& W Bookl - Microsoft Excel =T

= B | A mMMHNNS Ay BN NE MY AN - x

‘B e (LIEL S| (] (Eess g we wez B U ES e < | B | B8 R i &

BN w2 (][ S 2 (W Herna eane - (we% oW a) ZEe 20 B8 28 e ol Snlliell) T ‘

RERE = Wi & e i BAEY e L i)

Al - Je | Han-Angus
AeaduBaloctulabgheaFo b L il gl et [ o e e b [ M e M e Dl Pl B LR e e e T e LW L | T

1 [Han-Angus Han-Herefond Han-Limousin Han-Charolais Han-Holstein Han-Simmental

2 |SNP_NAM BTA POSITION D SNP_NAM BTA POSITION D SNP_MAMBTA  POSITION D SMP_MN/BTA POSITION D SNP_NAME BTA POSITION D SNP_NAMBTA  POSITION D |

L 12462 1 10871814 0871 7563 8 L11E+08 05047 AT644 25 32277091 051955 46748 3 29634182 0.794957 T363 8 111309164 05217888 42158 3 6870001 O

4 12415 13 60100866 0869 49615 8 L11E+08 0881 55355 2 5178695 0B0Z3 52039 14 23519449 0766824 49615 8 111423182 09119736 56764 19 26152079 0.73B673

5 9127 5 T4B52134 0858 15284 1 71812293 0BTl 47452 17 21004409 0B0058 12415 13 60100866 0.759289 25873 4 79701137 09109204 46748 3 29634182 0.737989|

] 53953 6 20565524 0855 58114 19 64950554 0.8752 9345 13 59768849 OJE723 23710 8 99794572 075153 54874 4 79623054 0.9095063 51571 & 39640148 0.723848)

T 47525 14 54208770 085 984 16 446027 0871 42158 3 GETSO0001 07663 51571 8 39640148 073357 15970 26 22648915 (0.BTS0598 45790 4 23124764 0.720414)

8 18977 24 43451218 0849 53846 6 TOT95263 08707 52039 14 23519440 0JT4T2 46474 6 37852400 0728763 32394 5 94140881 Q.ETO1802 2088 11 10IE+08 07193164

9 38737 6 20586032 0843 20145 2 76290401 OB696 12415 13 60100866 076901 41900 & 61630619 0728583 48437 26 23604859 08534926 16539 20 51624118 0.704648
6191 18 52602938 0836 §127 5 74857134 08695 23153 17 42677557 OT6148 47452 17 21004408 072217 32827 8 108476757 0.B516195 44136 9 85934554 0.704547)
22114 19 54305053 083 55063 2 G6266588 0.BE2T 26433 16 72620776 075917 3696 8 B9035763 0719726 47578 14 4208629 (0.8372255 906 20 58142065 0.704302]
32016 3 D4282286 0826 23637 20 51590831 08617 EB53 8 56643408 07544 13555 B 36304247 0717824 23651 22 53561274 08370323 1172 17 22893962 0700429
8556 9 LO0ZE+0B 0825 15617 18 9835877 08603 1876 19 54108417 075358 BE3G 13 59961958 0.710402 B158 16 68396075 08355264 54314 B 25303232 0.695095]
6797 13 50062758 0825 516 14 38389965 0.8585 1168 17 24123878 0J5124 33283 7 7523312 0703704 23272 8 56596024 (D.B2BB31E 26416 1 144E408 0.694186)
3608% 8 L1ZE+0B 0822 20572 12 76510730 0.8542 45110 9 42125336 075121 1384 24 21638701 0702843 10200 16 SOB01212 0.8254858 40355 7 83625072 0.650771)
54711 B 19059863 082 5735 2 L15E+08 0B526 46983 93  B4160 075038 7425 7 54104405 0700552 53039 14 23519449 (QB240852 6091 13 S9B47407 0.6EE094)
38272 4 42333030 0815 49633 12 76555620 O.B523 16539 20 51624118 074089 14245 18 11943370 0695587 1172 17 22893962 08225357 12415 13 60100866 0.687391|
52039 14 23519440 0812 20298 11 134032 08516 2320 17 36063580 O.J4988 28700 2 T2527748 0695139 1939 20 33853724 08208512 56244 6 96724593 0.686208)
1007 18 52660883 0811 54776 13 534257 0.8494 51938 14 23614077 074969 17452 18 12004801 0651332 8853 8 56643408 08179876 50307 1 54252137 0.684987)
55006 6 117E+08 OS8L 10079 20 38740662 0.8481 22045 7 34879985 07404 15562 6 119E+D8 068933 14967 26 9923055 (QB174777 47525 14 54208770 (.683331)
49607 11 B4BS693E  OBL 22214 19 54305053 OB47S 21462 99 37112 073665 006 20 SE142065 O6EH046 2160 26 22983400 O0E152883 53953 6 20565524 0.679106]
2320 17 36063580 OB0E 1876 19 54108417 08441 22306 1 6747617 073527 1168 17 24123878 0B6EEAOS 47452 17 21004409 0.8135706 12435 B 19459908 0678421
25376 4 TaE54440 (805 25498 1 66596155 0843 28571 17 22794379 073059 49110 9 42125336 0.6E8THOT 55067 M 22772482 0811968 34068 4 39344960  0.67808)
32681 99 419387 0805 1112 1 71398006 08424 23765 11 46688401 072968 41496 14 22634364 0BE5894 5344 7 44851116 0B115176 56229 11 92192121 0677122
47452 17 21004400 0804 32832 8 1126+08 OB414 25671 21 55893472 072739 12435 £ 19450008  0.68565 4985 26 23401818 08110673 TSEL 11 95778897 0.676252]
16064 13 82506858 0.799 7574 2 74778480 08407 75 2 BOTS4BE 072615 13712 1 54407043 0685343 24358 16 66177377 0.6093816 28571 17 22794379 0.675497)
15233 1 14BE+08 0799 12435 8 19456503 0.8403 616 2 6053018 0F2366 54314 8 25303232 0.684003 22571 21 59946830 0.8090586 56953 & L1GE+08 0.675349)
46748 3 29634182 079 14197 99 2084605 0.8333 28367 5 51770120 072362 54556 7 10TE+DE 0683136 43694 16 20075542 08058227 1384 24 21638701 0.673457|
26889 18 26440512 0789 27347 18 22750233 08302 7425 7 54104405 071851 6001 13 59847407 0676596 23934 10 36401161 08031874 47452 17 21004409 0.672453)
4267 22 43972322 0988 53115 20 51657035 08298 26560 B 56621847 0OT131 51457 20 2051283 067649 32648 7 45407522 07002846 24202 22 30146174 0672319
46880 6 11TE«08 0787 9345 13 59T6EB49 0DB242 21653 21 56530968 071166 31138 1 7569167 0575729 48981 3 9887418 OTHETS26 38737 & 20586032 0.6TEI52|
1567 1 16E+0B 0786 55986 23 53002209 08241 38266 24 37568191 0711 2971 18 62027144 0673365 52020 16 66080143 07841325 11970 29 2371668 067225
52698 26 34062984 0786 16525 24 13242747 08239 18345 24 43136007 070641 47644 25 32277091 0671789 43727 13 47231587 07914309 38374 26 23406739 0.671033]

12 32032141 1 144E+08 2 15399601 070616 28367 5 51770120 30194 13 6425558 7 40566538 0.670695]
T Y T Y — T3 2 ¥ S— T CreETEy T = 7
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™
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Fig. 51. Most parsimonious cladogram of 48 cattle breeds with heterozygotes codad as
polymorphic. Walues at nodes are percent bootstrap support from 1,000 pseudo-replicates.

Gecgraphic origins wers retrieved from the literature (512). *Denotes paraphylatic group.

e lal

- 107 -



O At AP 20N T HEFRS §F A Zzadd Fosta dE 40, 4
42, 43, 2 453 TR A AeelA wBu) A9 b 65 o3 AAE T
Aea Qi 497F AEE e $%8d FR ¥ A AAASE WE
EEAAESD) L W) AFCV, %)= obeh 2o

<3k 3-3-4>

AR a8 SD v 0|8HEkyg) SD CV 28 SO v 148=Ekg SD OV Exdd SD v
39 1696 201 119 1659 | 291 | 176 3537 | 202| 57 3192 | 305| 96 7192 | 175 24
40 1857 146 79 1824 269 147 3616 147 41 3306 292 88 7265 180 25
41 1636 165 101 1584 284 178 3416 165 48 061 277 91 7044 287 41
42 1833 176 96 1783 318 178 3584 176 49 3243 364 112 7350 158 | 22
43 1642 172 105 1605 263 164 3612 172 48 2987 300 100 7094 161 23
44 1841 167 90 1660 281 167 3451 167 48 3048 304 100 7191 | 178 | 25
M EMSke SD V. SXRRER(@m) SD OV HEHZCH Hemd) SOV 2AUR™E  SD Qv §EE8 D oV
39 3505 328 94 107 041 379 783 12| 92 30| 15| 487 175 073 416
40 3710 408 110 107 056 527 791 | 101 127 34 16 4712 162 074 459
41 3504 373 106 111 060 546 741 89 120 29| 16| 556 189 075 397
42 3764 354 94 116 039 336 780 80 103 38 18 476 1421 075 527
43 3417 288 84 095 032 336 821 17 94 30| 16| 519 180 072 398
4 3762 393 104 103 034 330 833 90 108 40 18 449 135 071 526

O SNPe} 7} A bl AL HaxeH S o gt A GAZE HAP3H &

h A EN B TRl & BA
Aol FFshE F8 g F FHo] AHES Iyt AFEdS A8t 2AFES 1A

(RAZF, SALEA, MATGNE, SRR, $ATH): 22y, AAAF, BELY
9 A SAS 9.0 AN FANAL 7N REe A, F Fo 14, W] BHE
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Y=pnp+BX+e X=10,-1for 7t SNPS AA, AB, BB {7 #}3
- BE s E A skl SNPE| A7k EaE e
- AAE 7 P AL FAAE e diste] AAF7E 10 o)Ftol™ sid SNPE HA o A
Aot L 23, Mlumian chipell WAE Sl e HA] A sute]7] SNP ol A
B OQTL g#EA o] o] g% SNPE 33,5687 918 o 5 §9420] 0.0050]312 SNPE
S A
(th # A3 #BeEste] wZFs o]zl SNPSol| thale] 23 SNP set A
oA L= o)l SNPE Foll= A= 7hrke]l 233 Agel e Ase]l ddEdd
(linkage disequilibrium)$- o] %31 ¢la Mwlo] 28] FE A HAEE ATt
Adatgdol Hagh wehA] stepwise regression W& 4 &3ko] M frelarEo] = SNP
FE Edo BASS tFoR fogEo] H& SNPE Edo HAS & A3tdoAA
(lack-of-fit test) & 0.01 o)Al AAlste] #HF vfAAEE HAE30 .
- A gEEE dEE SNPF (AAEd AT dEFH o7 mAR Aol 24t
H]€,%)= °] A
2L

A (39%), 121D AZ 2071 (36%), =A== 197] (35%), SA 57 17
7 (32%), vl 3

% 20

ZGA A 187] (34%), vFEE 1671 (34%), SASH 1871 (B5%)= = 1287)
SNPE w319 &

- o]l SNPo| st FAWE= ¢ AA(CHR), 914 (POS, bp), &3 74 A (BETA) %

YA

EF=Q2ASE) ¥ 9 FF (dlogioP)e ofgfite] =AHo 95

SAEFH  CHR POS  BETA SE -logP ZHZE  CHR POS  BETA SE  -logP
SNP_No SNP_No
1 12 35903917 0568 016 482 1 14 25170557 12698 3583 473
2 29 28417196 0486 0.173 346 2 14 36,095,273 4,652 1815 3.38
3 1 8096203 052  015% 3% 3 16 33037337 -8502 1911 257
4 1 8249785 0188 0079 287 L T5 BiP ) wha BT R
5 21 44201492 10556 2215 388
5 0 66423918 -0232 0078 306 ; - = —
6 § 11366139 0312 00% 235 7 7 60521808 -12992 3973 341
/ 25 3928497 0236 0077 259 8 23 46324820 6065 1886 237
8 5 110,984,106 0.258 0.079 3.36 g 78 40'.462,756 -10.318 7449 344
9 6 116228740 0396 012 248 10 6 55,203,700  7.809 2634 239
10 14 10464996 0267 0076 346 1 3 72305544 4563 1804 283
1 7 45,413,301 0.378 0.115 338 12 16 53,663,332 -10.178 2838 4,64
1 3 95181289 037 015 247 13 10 68586181  -6713 2272 273
= 0 212618 0580 015 237 14 14 51494004  -9924 2866 352
4 D amm w om m 5 B smm wm um
15 ! 1189303 0589 0161 377 17 7 57508231 5834 2061 231
16 27 3273963 027 0079 342 18 9 66107036 9868 3568 231
17 3 23483332 -0455 0161 231 19 15 77,837,175 5311 1818 244
<# 3-3-5> <¥ 3-3-6>. E=AF
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0/2HE CHR POS BETA SE -logP 194 CHR POS  BETA SE -logP
SNP_No SNP_No
1 15 52,710,098 485 1081  4.265

62325451 574 153 480

1 li
2 4 61,908479 -5.213 1211 4987 2 3 26055699 3727 1479 297
3 7 64,536,896 -4.313 1212 3448 3 ] 263768568  -3776 1547 254
4 2 40,959,608 3732 1.055 3405 4 2 135226320 4558 1401 238
h 26 25,269,449 4334 1354 3.844 5 13 37444033 6799 1889 245
6 19 14,495,715 4981 1235 2724 6 16 72920776 6441 2476 303
7 7 57,235,699 -5914 184 3.651 1 1 117526930 -3652 1728 219
] 7 40404421 8.379 2372 4.268 8 4 86175679 3445 1431 250
9 3 26449958 -4.883 1106 39 9 9 82938614  -5549 1653 24
10 21 39290111 -4.685 1258 3118 10 7 59389495 6198 167 246
11 1 26,287,157 2724 1019 2.663 1 3 82497034 7361 2245 122
12 9 39772316 -3.157 1152 2321 12 14 21,540,829 7637 248 335
13 4 74,616,158 -6.007 1907 2.618 13 24 46,989,542 6464 244 300
14 17 56,371,100 -6477 1989 2,627 14 2] 25,531,998 4222 139 264
15 29 51,510473 4619 1398 3.148 15 14 42116719 531 179 24
16 24 37,100,016 -3.023 1064 2421 16 8 72487663 4421 149 0
17 6 22,801,626 -3.356 1198 2333 7 1 4667657  -6944 2516 232
18 14 1,490,178 -3.198 1042 255 18 26 31316453 -133 0 1692 408
19 1 49267473 793 2347 3.017 19 3 97362755 8939 234 343
20 ] 72,585,460 -3.683 1285 2.366 20 7 94489756 5078 1706 252
HEZEHHE  CHR POS  BETA SE -logP 022 CHR POS BETA SE -logP
SNP_No SNP_No
1 18 9,684,917 3.843 0.981 417 1 7 65,652,720 -0478 0.099 5.19
2 4 46,072,692 1.969 0.548 370 2 3 44,502,770 0.352 0.091 5.29
3 3 76,469,248 -1.767 0477 449 3 3 20,000,610 -0.343 0.118 3.99
4 6 55,293,700 2324 0.635 300 4 29 31,816,218 0426 0.125 3.02
5 26 18,231,319 -1.797 0.705 3.20 5 2 3,903,007 -0.338 0111 374
6 1 49,267,473 3.951 102 3.03 6 26 12,496,998 0.547 0.108 3.89
7 21 29,363,186 -1.372 0449 307 i 2 63,739,826 0.318 0.096 3.23
8 11 100,481,883 -2.367 0.946 308 g 16 51,370,098 0.242 0.089 3.37
9 6 101,411,125 1.302 0.445 2.65 9 13 23814812 0.801 0.19 322
10 18 52,354,543 -3.096 0.927 294 10 10 104,193,801 0335 0.086 444
11 12 27907563 -0.772 0464 230 11 26 42127980 -0.363 0123 253
12 17 18,044,557 -3151 0.959 241 12 5 8,543,656 0439 0132 276
13 20 57,693,263 -1.591 0.524 3y 13 18 7,075230 -0.361 0.094 254
14 g 1,463,198 22166 0777 250 14 27 42,606,662 -0.357 0.137 236
15 2 26,529,985 1692 0471 236 15 18 35488400 -0.307 01 316
16 9 21,215,935 -1505 0522 2,64 16 3 32,807,638 -0.375 0.117 282
17 10 82,876,725 -1444 0.465 2.56
18 2 31,016,869 1576 0.46 318

<¥ 3-3-7> wjFtdE sy
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S2E:E3 | CHR POS BETA SE -LogP

SNP_No
1 7 65,652,720 0189 0043 445
2 29 31816218  -0167 0055 400
3 3 44502770  -0.108 004 355
4 2 63739826 0124 0042 2.03
5 13 10,185,777 0.224 0.05 275
6 26 12496998 0216 0048 3.78
7 3 123148964 016 0053 293
8 3 20,000,610 0148 0051 2.77
9 12 73441493 0126 0039 264
10 23 6,396,529 0129 0047 3.02
11 2 3,903,007 0167  0.049 291
12 27 42,606,662 0144 0061 2.85
13 10 104193801  -0127 0038 3.40
14 7 88,679,092 0192 0062 2.56
15 5 8543656 0172 0058 2.69
16 3 122951391  -0148 0045 244
17 13 56,803,006 0184 0062 238
18 20 46,253,140  -0.129 004 285

O HAASHE 9 %ol #3243 (Whole-genome association study, WGAS) ¥4t ol z}, w|

3
7 oaAME G G4 AR FTE A L.

O TIowa =Yt web program¢l GenSel program-2 ©|&3}o] A& =S Ao = Bayes A, B,
C, Cpi o=z 7} SNPH model frequency, ¥}A &3 H& tlike ghoz G37F 2 d2
I SNPE 2395 (Meuwissen 5, 2001 Genetics).

O o 23 dddz o4 SNPE& o Lol mAlFolA 1270, w2 e 4 ol A
145 Fr7ta oz W33 Bays B o2 W% SNPo| t3k Aui= olgfio] A1
0] %

SNP_No chr position Effect EffectVar ModelFrec GeneFreq GenVar  EffectDeltal SDDeltal t-like  shrink
1 1 132110177 9.39E-01 5.69E+00 01226 0131 200E-01 7.66E+00 7.96E+00 0.961 0.886
2 3 24817742 -6.55E-01 414E+00 01123 0.294 178E-01 -5.83E+00 6.05E+00 0.964 0.935
3 5 66075729  -123E+01 837E+01  0.8612 0,931 193E+01 -142E+01 8.05E+00 1.769 0.885
4 6 19411668 6.38E-01 442E+00 01172 0642 187E-01 545E+00 5.64E+00 0.965 0.949
5 6 31915301 -8.14E-01 521E+00  0.1169 0,849 1.70E-01 -6.96E+00 7.24E+00 0.962 0.898
i b 62774663 6.94E-01 441E+00 01147 0.722 1093E-01 6.05E+00 6.28E+00 0.963 0.929
7 10 8208480 124E+00 765E+00 01981 0.306 6.52E-01 6.26E+00 6.38E+00 0.981 0.94
8 17 61,097,348 6.53E-01 4.38E+00  0.1056 0293 177E-01 619E+00 6.43E+00 0.962 0935
9 21 39200111 -232E+00 144E+01 0.338 0.234 192E+00 -6.86E+00 6.71E+00 1021 0925
10 25 36159444  -138E+00 846E+00 01469 0927 259E-01 -940E+00 9.71E+00 0.967 0.839
11 26 33,620,663 203E+00 131E+01 03382 0482 2.05E+00 6.00E+00 5.85E+00 1.025 0.955
12 29 33632380  -329E+00 217E+01  0.2635 0.949 105E+00 -125E+01 1.26E+01 0.988 0.83

—t
(5]

1 108181537 -711E-01 448E+00  0.1094 0.783 172E-01 -6.50E+00 6.76E+00 0962 092
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<% 3-3-3>

001
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20 30

Mb

40 50 60 70

SNP_MNo chr position Effect EffectVarModelFreq GeneFreq GenVariffectDeltal SDDeltal t-like  shrink
1 1 95,518,232  -121E-01 250E-01 0.0287 0.441 7.16E-03 -4.20E+00 4.61E+00 0911 0.762
2 3 84391517 -749E-02 160E-01 00189 0.384 2.65E-03 -3.96E+00 4.42E+00 0.894 0726
3 5 66,075,729 -7.57E-01 360E+00  0.0636 0931 7.34E-02 -119E+01 1.28E+01 0933 0.753
4 15 52,710,098 148E-01 316E-01 0.0331 0.392 104E-02 447E+00 4.88E+00 0.915 0.761
5 21 39290111 -202E-01 5.90E-01 0.0362 0.234 1.46E-02 -5.58E+00 6.07E+00 092 0.765
6 26 25269449  4.38E-02 943E-02 0.0107 0.838 5.21E-04 4.10E+00 4.73E+00 0.868 0.586
7 7 64,536,896 -5.02E-02 205E-01 00125 0.735 9.82E-04 -4.02E+00 4.53E+00 0.887 0.79
8 9 82321186 -3.51E-02 6.73E-02  0.0102 0.349 5.58E-04 -343E+00 3.96E+00 0.866 0.666
9 11 31445193 -3.29E-02 618E-02  0.0103 0.46 5.39E-04 -3.20E+00 3.61E+00 0.886 0.691
10 17 16,772,807 -6.87E-02 182E-01  0.0137 0.834 1.31E-03 -5.00E+00 5.70E+00 0.877 0.662
11 17 61,097,348 672E-02 132E-01 00162 0.293 187E-03 415E+00 4.64E+00 0.896 0.661
12 19 14495715 545E-02 117E-01 00129 0.236 107E-03 4.24E+00 4.85E+00 0.873 0.659
13 6 31915391 -427E-02 920E-02  0.0098 0.849 4.66E-04 -4.36E+00 5.04E+00 0.866 0.565
14 4 27108,524  247E-02 534E-02  0.0084 0473 3.04E-04 295E+00 3.38E+00 0.872 0.703

O 7 9ol wste] Ay 2 welAet ¥ Aus vwsdtd @ A= oldu
EAE AAAZIH 44Mb Aol Sl el Q] SNPE LERK AL Sl

BayesB - Howt - Chr21 BayesC - Hewt - Chr21
0.35 = 0.025
03
002
025
g o2 g 0015 |
g o 2 om|
0.1
0005 ¢
= . : & ik
o : i N B i e
o 0 20 30 40 50 60 70 o 10 20 30 40 50 60 70
Mb Mb
LR - Howt - Chr21 BayesCPi - Hewt - Chr21
35 0.035
sl
003
25
L]
% 2y g 0025
:g 15 | . - ’ . 2 ’
= 002 -
Y L
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(2) 22} 752 SNP W (LDVCMHH)

O 1A #%-%d SNP WEAlo] Agwola Amel A F9 @A

AAF 497 AAEE Ao Al AgrtAe 27 d%F%s VA= SHEE 497

S Awstel BASAS (E33-8)

L EFEA, Hag, Aug, welAF

(CV, %)
Trait Average Std. Dev. Minimum Maximum ey
Carcass weight (kg) 356 40 158 481 11.1
Backfat thickness (cm) 10.2 0.5 0.3 60 48.8
Longissimus dorsi muscle area (sz) 79.1 9.3 22 109 11.8
Marbling score (1-9) 34 1.8 1 9 522

O IlluminaA} bovine 54K chipell ¢li= SNPF oA dH¢Heto] {83 SNPE 33,5687 5 Ad
staom, 724 Fdo tiste] dMAEZ LDVCM Wi S 483k #2142l QTL(SNP)E &
A 53

AEd gLy 2o 3 GAE BAL 3592 (Blott 5, 2003, Genetics; Druet and

)

Georges, 2010, Genetics)

(7}) 3k coalescence model-g- ©]-&3}o] FHFR-F GAA L AAFENA Aol 2= SNPEO]
gk hapltoype> DualPHASE Z =195 A&ste] A3 &, 72 AA¢EY sire-f2f ¢ dam-
2 haplotypes: 24T AMA LA fAAlA (W F SNPO FIHA|F)  haplotypet
IBD(Identity-by-descent) 3+&(P,)2 -3

W #3448 AZE1-0,)E o] E3e] UPGMA(Unweighted Pair-Group Method by Arithmetic

Averages) "' © 2 hapltoype 53t 42 treeE Z1¥.

(thHh +AA treeo] T-A3te] =2 branch W= clustering 3% 7 @AW clustering ¥ o]0+

haplotype group &35 t}2-3 72 Animal Model?] 2 2 23192
- Y=Xb+Zh+Zu+e,

Y: @9 WH, b: 314 A3 9H, h Haplotype (QTL) &3} “¥, w: polygenic &} W
X: 2 Eteh Belw A E, Zy Haplotype (QTL) ¥#l A7, Zo QTL #¥E W

P(

l:L:l

¥ Y H5E7HEPD) #d AAYH, e FAEH.
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<3# 3-3-9>
A
a4 8l T =AF | g e A A LA
sire(AbA}F) RC 130 0 0 0 0
e FC 8 0 0 0 0
A ) FV 1 0 0 0 0

-loeg10_P_value

¢ &2 -8 (Full model)-& haplotype &35 A A3 W (Reduced model)d} A5 E F243515
AAEA QA likelihood ratio tests(LRT)gtS -8} 3L chi-square (A% 1) £XE o] £33}

o) 4=E0] 0.0010]31Q) SNPE& Hshel 4

LRT =-2(LogLikehood, oy ot~ LogLikehood s poyr)
4 Asp, TAFolA 110 SNPs, wjgtgti &oA 123 SNPs, TA W FA9 A 1357)
SNPs, 22 il ZujA| WA 667] SNP, & &2 ## 434 SNPE =335, (o 4
AA 14 A =X F(Hewt) 2 w7 HA(LEA) QTL & 9]¢k LDVCM #4434

)

LRT profile #]A])

Hewt - Chrid LEA - Chri4
6 6
Cluster + Cluster
) Single —s— s _ = Single —=—
5 | i Haple - 5 | & Haplo
l LOVEM —a— : LDVEM —a—
L
2
=
g|
a 3
=
g,
1
]
Mb Mb

<19y 3-3-4>
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(3) AR T A HE FFH2 SNP vbA 192 SNP set 2 A

d2H2009~2010d) Aol A Falisfo] ] A g AdE4(WGA) A9k LDVCM &4 4342 ¢

ol HEFHAd fFejdoer d@Holm SNPS 5 1927] vhAE Assl

<¥ 3-3-10> o} Fx

LEECAM AT SOIHQ ST 192 SHPs A4t (N=981, fixed effect) | A4t (N=981, random effect) SEEE (N=1090, fixed effect)

SMP annotation E4d0zE @I CHR pos(bp) MAF | E2 ZNIEZESN -logeP | B2 ZIHEIEZESR -loguP =5 St EESR -logP

Hapmap43855-6TA-69221 Random  BFT 1 33799177 037 EMA | 1120 0407 223

Hapmap24136-BTA-124014 Random  BFT 1 55673837 014 | BFT | 0.088 | 0.022 | 433 | BFT | 0070 0020 345

ARS-BFGL-NGS-24966 Fixed  BFT 1 80963023 0.0

ARS-BFGL-NGS-06340 Fixed  BFT 1 82,490,785 040

Hapmap39595-8TA-85742 Random  BFT 2 39,008749 009 | BFT -0.092 | 0.0290 | 287 | BFT -0.080 0027 | 213

ARS-BFGL-NGS-24326 Fixed  BFT 3 23483332 009

BTB-00143051 Fixed  BFT 3 95181280 014

BTA-104512-n0-15 Random  BFT 4  112,700199 020 | BFT |-0.053 | 0019 | 227 | BFT | -0.040 | 0021 143 MS7 | 0250 0024 253

ARS-BFGL-NGS-8401 Random  BFT 5 76428730 030 MS7 | -0205 | 0073 | 2327

BTA-78066-n0-rs Bayes B BFT 6 116228740 014

BTB-00986847 Random  BFT 7 1,126,787 018 CW 10211 2805 355

BTB-00957018 Fixed  BFT 7 1,189,303 005 | BFT | 0.105 | 0.036 | 244 | BFT | 0005 0033 | 165

BTB-00310752 Fixed  |BFT 7 | 45413301 .

BTB-00431649 Bayes B BFT 8 113,626,199 0326

ARS-BFGL-NGS-67833 Fixed |BFT | 10 21,266,128 0.10

ARS-BFGL-NGS-71570 Random |BFT | 10 41,340,063

Hapmap44798-BTA-104292 Random |BFT | 11 74869821 037 | BFT 0045 0015 245

Hapmap51188-BTA-21659 Fixed |BFT | 12 35903917 007

BFGL-NGS-111243 Fixed  |BFT | 12  61,065245 0.26

UA-TFASA-2080 Random BFT | 12  74,684907 0.6 BFT | 0.051 | 0022 161

Hapmap50934-8TA-32439 Random |BFT | 13 40,149,293 035

BTE-01186797 Random |BFT | 13 48,801,690 0.17

Hapmap25440-8TC-053771 Fied  |BFT | 14 10464996 0.39 BFT | 0.043 | 0019 133 BFT | 0063 0021 252

BFGL-NGS-112072 Random |BFT | 15 31,500,838 .

BTA-36920-no-rs Random [BFT | 15 42,474,074 013

BTB-00635702 Random [BFT | 16 31405633 034 | BFT | 0042 0016 203

ARS-BFGL-NGS-13513 Random |BFT | 16  40,624954 044

ARS-BFGL-NGS-10797 Random BFT | 189 26,213,497 0.22

BTB-00772171 Random (BFT | 20 10,063,422 0.35

BTA-18321-no-rs Fixed  |BFT | 20 66423918 043

ARS-BFGL-BAC-31757 Random |BFT | 20 70,705,603 0.8

Hapmap38611-BTA-57967 Random  BFT 4 36033657 023

ARS-BFGL-NGS-24167 Bayes® BFT 24 49979961 017

ARS-BFGL-NGS-26452 Fixed  BFT | 25 30,228,497 0.39

BTA-100341-no-1s Random [BFT | 26 34,983,053 042 | BFT -0047 0015 | 261 | BFT  -0.034 | 0014 | 184

Hapmap25551-BTA-139364 Random BFT | 27 28,158,338 0.05

ARS-BFGL-NGS-39970 Fixed  BFT | 27 32,759,635 0.5

BTB-01008169 Random |BFT | 20 14,357,507 027

BTA-65196-n0-rs Random |BFT | 20 28186026 047 | BFT -0.044 0016 235

BTA-111951-no-1s Fixed |BFT | 29 28417196 004

ARS-BFGL-NGS-104120 Random BFT 29 39,150,999 0.25

ARS-BFGL-BAC-31500 Random  Cw 1 79937590 018

BFGL-NGS-112810 Random MS7 24 | 47866817 .

Hapmap46894-BTA-89312 Fxed ~ MS7 26 12496998 028 MS7 -0295 0085 2580

BTA-61647-no-rs Fixed ~ MS7 26 | 42127,980 014 |MS7 -0275 0092 255 |MS7 -0235 0084 178

ARS-BFGL-NGS-72819 Fixed ~ MS7 27 | 42606662 .

UA-IFASA-8338 Random MS7 29 | 31,763,987 041

BTA-65463-no-rs Fied ~ MS7 20 31816218 009 |Ms7 | 0318 0101 27g |EMA 1363 0475 175 W | 0005 dlosl 24
MS7 | 0267 0092 186

BTB-01651634 Random QG 4 | 49466354 049

BFGL-NGS-116673 Fixed QG 7 | 88679092 008 | Cw | 7285 2417 | 258 | CW | 5499 2101 176

BTA-66275-n0-15 Random QG 10 39819291 046

BTB-01099836 Random QG 12 8917626 018

UA-IFASA-2256 Random QG 12 | 73,401,994 044

BFGL-NGS-112325 Fied QG 12 | 73441493 044

ARS-BFGL-NGS-56654 Fied QG 13 | 10185777 025 Ms7 | -0218 0080 220

ARS-BFGL-NGS-14592 Fixed QG 13 | 56803006 011

ARS-BFGL-NGS-28398 Random QG 14 | 19576550 020

ARS-BFGL-BAC-33692 Fied QG 20 | 46253140 032

ARS-BFGL-NGS-74728 Random QG 22 8296322 008

Hapmap36138-5CAFFOLDI6069 11607 Fixed QG 23 6896529 022
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ARS-BFGL-NGS-68645
UA-IFASA-8943
ARS-BFGL-NG5-88403
BTB-00939306
ARS-BFGL-NGS-102382
BFGL-MGS-114518
Hapmap40017-BTA-65421
ARS-BFGL-NGS-34353
BTB-00021776
Hapmap42952-BTA-48143
BTA-121216-no-r5
ARS-BFGL-NGS-80431
Hapmap27208-BTA-157501
BTB-01168059
ARS-BFGL-NG5-11769
Hapmap36465-5CAFFOLD163794 561
Hapmap49426-BTA-107052
ARS-BFGL-NGS5-97941
BTB-01721944
ARS-BFGL-NGS5-43407
ARS-BFGL-NGS5-105242
BTB-01096127
ARS-BFGL-NGS-69648
BTB-00302618
BTB-00317459
BTB-01269021
Hapmap53914-rs29021936
BTB-01837292
BTB-00384802
BTA-84365-no-rs
ARS-BFGL-NG5-66951
BTB-00426704
ARS-BFGL-NGS-32379
BTB-01468914
ARS-BFGL-NG5-21607
ARS-BFGL-NGS-22794
Hapmap24385-BTA-163189
ARS-BFGL-NGS-26028
Hapmapg0878-rs29012474
BTB-01082458
ARS-BFGL-NGS-17434
ARS-BFGL-MNGS-14442
BTA-428606-no-rs
UA-IFASA-5783
Hapmap40434-BTA-45533

Hapmap53674-rs28025319

ARS-BFGL-NGS-38569
ARS-BFGL-NGS-55520
BTB-01107683
ARS-BFGL-MNGS-23687
ARS-BFGL-BAC-42839
ARS-BFGL-NGS-35298
ARS-BFGL-NGS-106450
BTA-100770-no-rs
ARS-BFGL-NGS-16328
ARS-BFGL-NGS-38894
BTB-00037084
BTA-43345-no-rs
ARS-BFGL-NGS-100540
ARS-BFGL-MNGS-50482
BFGL-MNGS-117383
ARS-BFGL-NGS-102388
INRA-565
BTA-90312-no-rs
BTB-00160676
ARS-BFGL-NGS-41558
BTB-01420058
BTB-01507733
Hapmap28023-BTC-060518
ARS-BFGL-NGS-28660
BTB-00317097
Hapmap38787-BTA-B84605
ARS-BFGL-MNGS-10383
ARS-BFGL-MNGS-31807
ARS-BFGL-NGS-35190
ARS-BFGL-NGS-21703
ARS-BFGL-MNGS-36344
ARS-BFGL-NGS-80012
BFGL-NGS-116369
ARS-BFGL-BAC-369
ARS-BFGL-NGS-11198
ARS-BFGL-NGS-24766
ARS-BFGL-MNGS-73404
ARS-BFGL-NGS-17362
Hapmap263793-BTA-13099%
ARS-BFGL-NGS-73708

Random
Fixed
Bayss B
Bayes B
Randem
Fixed
Bayes B
Randem
Fixed
Bayes B
Fixed
Random
Fixed
Bayes B
Randem
Randem
Bayes B
Bayes B
Fixed
Random
Random
Bayes B
Randem
Randem
Bayes B
Randem
Fixed
Fixed
Bayes B
Bayes_B
Randem
Random
Fixed
Bayes B
Bayes B
Fixed
Randem
Randem
Bayes B
Bayes B
Fixed
Fixed
Random
Bayes B
Randem

Random

Fixed

Randem
Fixed

Random
Random
Random
Random
Randem
Fixed

Bayes B
Randem
Randem
Fixed

Fixed

Random
Fixed

Random
Fixed

Bayes B
Bayes B
Randem
Fixed

Random
Bayes B
Fixed

Randem
Random
Random
Bayes B
Randem
Random
Bayes B
Bayes B
Fixed

Randem
Random
Random
Random
Fixed

Fixed

Hapmap36420-SCAFFOLD190338_727% Fixed

cw

cw

cw

cw

cw

cw

CW

EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA

EMA

EMA

EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
EMA
MSs7
MS7
MS7
M7
MSs7
MS7
MS7
MS7
M7
Ms7
MS7
MS7
MS7
M7
MS7
MS7
MS7
M7
Ms7
MSE7
MS7
M7
M7
Ms7
MS7
MS7
M7
M7
MS7
MS7
MS7
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58,859,545
46,324,820
36,159,444
33,620,683
27,098,146
40,462,758
33,632,380
40,931,076
49,287,473
95,518,232
26,529,985
72,596,096
76,469,248
84,391,517
92,297,184
101,449,660
27,108,524
45991114
46,072,692
110,911,478
100,874,084
101,411,125
110,492,191
28,327,650
64,536,896
75,830,004
21,215,935
1,463,198
35,216,259
82,321,186
101,872,443
50,112,936
82,876,725
31,445,193
100,481,883
27,907,563
50,289,293
21,080,793
52,710,098
16,772,807
18,044,557
9,684,917
18,746,752
14,455,715
46,157,261

8,676,696

57,693,263
29,076,315
29,363,186
8,099,369
3,761,377
13,445705
22,028,142
40,448,177
18,231,319
25,269 449
87,457,261
99,506,676
3,803,007
63,739,826
63,905,821
20,000,610
23933162
32,807,638
122,051,391
123,148 964
30314124
8,543,656
88,350,096
4,130,299
65,852,720
89,179,019
47,283,343
63,138,835
104,193 801
7,628,440
95,264,158
19,931 659
83,382,732
23,814,812
38,637 266
46,302,085
54,520,858
74403614
51,370,008
7,075,230
55,488,400

0.09
0.45
0.07
0.48
022
0.18
0.03
0.07
0.08
0.47
037
022
044
0.37
0.14
0.18
0.45
0.19

0.45
017

0.30
021
031
0.14
0.24
0.15
023
031
0.08
0.09

0.49
0.07
0.45
022
0.34
0.46
0.16
0.07
0.04
022
0.26
0.38

012

0.22
0.37
0.34
0.26
0.36
0.30
0.40

0.13
031
047
024

0.25
012
0.24

022
011
0.25

0.20
0.29
0.50
023
0.28
0.45

013

0.06
0.06
0.25
0.09
0.23
0.36
0.33
031

cow

cw

EMA

EMA
EMA

BFT

EMA

EMA

EMA

EMA

EMA

EMA

ME7
MS7
M57

MSs7

MSs7

ME7

MSs7

Ms7

ME7
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3.890

-4.928

2114

-1.000
-0.870

0.042

-1.119

-1231

L7777

-1.107

1.190

-1.041

-0.226
-0.301
0.204

0316

0.246

-0.235

0.182

0.560

0.217

1.455

1872

0.719

0.367
0.326

0.016

0.381

0.339

0.520

0.385

0.346

0.363

0.076
0.091
0.075

0.097

0.076

0.072

0.071

0.132

212

207

247

218
211

205

247

3.53

319

239

322

Z3F

2.49
2.99
219

292

292

2.98

200

264

EMA

EMA

EMA

BFT
EMA
EMA

EMA

EMA

EMA

MS7
MS57

M57
MS7

MS7
MS57

MS7

1581

-0.769

-0.942

[ -0064
1217
-0.867

1.081

-0.702

-1.386

-0.219
0.074

0.254
-0.204

0497
-0.337

0172

0.641

0.293

0349

0.498

0.083
0.058

0.071
0.066

0.124
0.135

0.059

171

138

168

175
237
163

230

162

150

219

211
218

375
178

227

EMA
BFT

EMA

ow

EMA

MS7

MS7

BFT

BFT

-2121
0.062

1.355

-11.032

1354

-0.204

-0.216

-0.132

0.082

0.730

0.020

1.398

3.198

0.467

0.079

0.070

0.036

0.022

243
261

316

324

242

201

2.69

3.65

3.63




AlF ol Al (40, 41, 42, 43, Bl 452, oA H AAS 4975F) AdH A=l dd
A SNPE Wl B4 Fasle. T2 10 @26 U@ BEA, wedd, Hap
Hoigr 4 WolAel d SAFS ofef FHol =A o AUF
<i 3-3-11>
Trait Average Std Dev* Minimum Maximum C. v.
Height at wither, cm 134.9 53 124 149 39
Rump height, cm 136.1 4.8 124 152 3.6
Body length, cm 155.6 8.0 132 178 5.1
Chest depth, cm 74.5 39 66 82 5.3
Chest width, cm 49.3 4.5 41 59 9.2
Rump length, cm 50.9 2.5 43 58 4.9
Hip width, cm 46.7 3.4 39 58 7.2
Thurl width,cm 44.5 3.4 37 58 7.6
Pinbone width, cm 25.3 3.1 19 32 12.1
Heart girth, cm 209.3 15.1 181 245 7.2

O A &587 SNP £ FHAY HAax5H LU stepwise regression methodS 4 & 3}
o] 0.0015-9) 3ol A WZs o] & 287] SNPo| that AHi= tfeFo] Auso]A.
<3t 3-3-12>
Trait/SNP Marker® SNP® BTA Kbp°® MAF® -LogP® Estimate! SE® b
Height at withers 14.1
ARS-BFGL-NGS-42310 A/G 1 115,391  0.45 3.56 -0.793 0.327 2.6
BTB-01168059 A/G 3 84,391 0.41 3.203 0.747 0.353 2.1
BTA-67308-no-rs A/G 3 36,543 0.25  4.053 1.439 0.451 7.0
Hapmap60747-rs29010034  A/C 22 5,778 0.47  3.219 0.742 0.328 2.4
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Rump height
ARS-BFGL-NGS-42310

Hapmap32159-BTA-46703

BTA-111934-no-rs
Body length
BTB-01199261

Chest depth
ARS-BFGL-NGS-247
ARS-BFGL-NGS-35622
ARS-BFGL-NGS-3267
Chest width

Hapmap47405-BTA-76965

BTB-00397464
ARS-BFGL-NGS-31785

Hapmap57957-rs29017349

Rump length
BTB-00490466
ARS-BFGL-NGS-17832

Hip width
BTB-00142063
BTB-01493256

ARS-BFGL-NGS-2106
ARS-BFGL-NGS-23777
ARS-BFGL-NGS-89746

Thrul  width
BTB-00048035
ARS-BFGL-BAC-27287
BTB-02092741

Pinbone width

ARS-BFGL-NGS-106237

Heart girth
BTA-29450-no-rs

A/G
A/G

C/T

A/T

C/T
A/G
A/G

C/T

A/G
A/G

C/T

C/T
A/G

G/T
C/T
C/T
A/G
C/T

A/C
A/G
C/T

C/T

C/T

15

10
17
29

15

26

12
24

19
21
29

115,391
21,781

55,075

18,323

69,088
19,356
35,609

84,782

63,436
40,744

26,556

47,793
53,932

97,816
36,570
4,625
57,133
50,698

108,181
127,263
114,021

80,059

20,504

- 118 -

0.45

0.26

0.29

0.38

0.33
0.35
0.26

0.26

0.30
0.42

0.43

0.26
0.35

0.28
0.33
0.34
0.29
0.43

0.27
0.48
0.47

0.48

0.33

3.505

3.235

3.043

3.358

3.841
3.03
5.08

4.039

4.477
3.63

4.021

3.295
3.328

3.331
3.895
3.331
3.623
3.184

3.564
3.177
3.428

3.004

3.704

-0.604

-1.106

1.154

1.677

0.773
0.833
-1.148

0.717

1.619
-1.078

-1.015

0.466
0.962

-0.472

-0.549

-0.501
0.608
0.511

-0.988
0.656
-0.86

-0.373

1.666

0.322

0.444

0.337

0.455

0.222
0.225
0.28

0.321

0.324
0.239

0.228

0.24
0.245

0.205
0.193
0.198
0.202
0.169

0.348
0.243
0.267

0.148

0.662

11.8
1.6

4.8

5.4
5.4
5.4

28.5
7.3
8.1
13.1
34.8

3.1

15.3
8.7

7.7

10.8
2.2
8.7

17.6
2.6
3.8
3.0
4.5
3.7

15.0
6.3
3.7
5.0

3.0

3.0

11.1
3.7



ARS-BFGL-NGS-82347 A/G 23 50,413 0.46 3.27 -2.314

0.594

7.4

*“SNP marker annotations and their positions were based on the bovine reference genome (btau4.0).

*Nucleotides of substitution.; “Minor allele frequency.

Negatlve logarithm of the comparison-wise P-value of the test statistic against the null hypothesis of no SNP effect at the SNP position.

’Estimate is for allele substitution effect replacing the latter with the former allele (nucleotide) in the SNP column.
#Standard error.

hProportion of phenotypic variance explained by the SNP. The values on the rows of trait are the sum of the %ozp values of all SNPs.

o =AY E ) dE e SNP ub

- AR 2 SA T HA(736), EEHAH674Y), HAF(607), = Tk (898%)

2 ofgf o .
Y=n+BX+e X=1,0-1for Z SNP] AA, AB, BB #4449
- B2 slFiE Al thato] SNPe] 714 BaE dER.

S a4k b Ae fadEel daiel AAT 10 clselw sl SNP
2]3F 2., minor allele ¥1X=7} 0.05°] 3}, genotyping call rate”} 90% m]wt

Aol A AL =
B OQTL &4 o] &% SNP= 384837 9<-.

1 A3}, Ilumian chipel] WA E A=

001(-logioP=3)r &) Al %

0. = 427 Z4rY
Ht A= 3¢ WA EE Y FHA A A EA AL e 3E
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< 3-3-13>

= FElrEEE Tt EEAsSPs BT.Aa pos{bp) Additive Stderr (JNogicp L% N
3 BTA-110801-Nno-rs 1 15,004,225 47 2 129 341 0.24
= BTA-39399-Nno-rs E 19,641,727 -73.0 AT S a4 21 o083
= ARS-BFGL-MNGS-97225 E 22,985,729 -3 A4 10O I 08 o477
(=] BTA-ZO375-Nno-rs 2 29,240,531 AT O 13 1 3.30 0.22
7 BETBE-011458465 2 56,895,186 &8 2 15 2 427 o.o9
=2 ARS-BFGL-MNGS-248319 3 Q. T 22 400 -53.9 144 2 3.53 L
= Hapmap31l082-BET.A-89468 3 FT2,122, 900 32.1 2.5 3.03 O 44
10 ARS-BFGL-MNGS-20299 3 88,033 447 65 2 190 3 14 oo
11 | ETA-59413-NMo-rs = 108,401,517 -31.2 2.9 219 L =
12 | Hapmapd44709-BETA-7O091S < 15,575,489 53.8 i7.2 .49 0.0
iz | ARS-BFGL-MNGS-73435 <L 28,572,239 - 70O 20.5 3I 06 o065
pECE | ETA-S9424-NMO-rs > 16,666, 769 -31.6 =.9 32.26 0.2
15 | BTE-OO0Z22386 E 81,863,002 35.5 101 -39 0.32
iﬁ- | ARS-BFGL-MNGS-117570 8 97,288,061 35 .3 A0 1 3 18 O_S50
a7 | BTE-OL348232 E= 22,735,204 = 136 3.03 O.18
is | ETE-OO0391944 o 49,805,232 -S5O A 14 2 223 O 15
19 | ARS-BFGL-MNGS-14862 = 58,0444 059 S04 14 & I 08 O 14
2o | BETA-83844-No-rs o 50,054,010 502 15.8 3.63 O.11
23 | Hapmap4337Oo-BTA-84209 k= T3, 749 461 -36. 1 L= I TFTO o036
22 | Hapmap4g9341l-BTA-B84329 = FFA42, 550 (=2 132 6 A 55 o015
22 | BTE-O2043786 E= 88,342,363 422 9.0 5.22 O 4o
24 | ARS-BFGL-MNGS-26302 10 47,806,511 . e 15 2 3 4 O 10
25 | ETE-0O0492056 = AT 203,365 367 9.5 272 0.28
26 | BTE-0L124458 iz 5,683,656 33.5 .= 3.34 0. 39
27 | Hapmap58303-5546526468 19 37,552,530 -34 9 2.0 322 0.33
28 | ARS-BFGL-MNGS-1872 19 S2, 712,797 =) 129 3.69 0.26
29 | ARS-BEFGL-MNGS-29115 19 52,740,740 -S4.8 127 4.42 027
30 | Hapmap42236-BTA-S50618 20 42,195,463 59 4 A7 A 3 16 O.O9
31 | Hapmap38474-BETA-122598 22 33,983,201 -Z4.4 101 3.06 0. 39
32 | ARS-BFGL-MNGS-119430 22 50,029,005 519 a1z 2 383 O 1o
== | ARS-BFGL-MNGS-118763 23 14,1 70.863 -3 9 129 I 03 028
34 | ARS-BEFGL-MNGS-753846 2= 16,021,555 43.5 1=z 2 3.45 0.24
=5 | ARS-BFGL-MNGS-31694 23 A0, 901, TS50 52.5 13 0 3 98 o 18
36 | ARS-BFGL-MNGS-14917 24 2,752,863 A5 A 13 5 I 08 0. 18
37 | ARS-BEFGL-MNGS-36624 25 41 497 448 -AE.S 136 3.06 0. 20
Ei= | BETA-100861-No-rs 26 A0, 648,090 -41 O 2.6 <. 39 038
EX= | ARS-BFGL-MNGS-113256 28 26,404 210 58.6 15 3 3 66 O 11
ETa ] | Hapmap53898-rs29026969 29 530,087 36.7 100 343 0.35
41 | LA -TFASS-937TL 29 12,185,306 -48 3 14 2 3I 05 o015
A2 | HapmapS4951-rs29010185 29 14,788,465 -45.5 12.= Z.a7 0.26
43 | ARS-BEFGL-MNGS-36962 29 26,116,729 49 2 1=.1 3.54 0.26
= | ARS-BFGL-MNGS-110853 29 36,188,416 -S54 9 A5 7 3 16 O 11
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o] 14959 FHFRLET BIF ANTES ol &3don Fo S-S54 JAE59] 4A
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<#E 3-3-14>. EASCW), WFTEAH(EMA), TAEFABETD), TWALEMS) 7= A%

trt_name n mean sd cv = Chgr Q3 Q2 Q1 = A2t
CwW 081 360.24 38.08 10.57 482 384 359 336 158
EMA 981 80.61 8.91 11.05 112 80 8l 74 22
BFT 981 0.98 042 4322 b 12 0.9 0.7 0.3
M5 081 3.34 165 4950 g 4 3 z T

<3 3-3-15>. @AAFE =AY, =A4FCW), LS H A (EMA), SALFABET), SWAREMS) 7z
=A%

A N Y% mean  sd Y |(Wmean sd V. EMAmean sd (V' |BFTmean  sd CV  [MSmean  sd W

40 102 | 7451 1382 260 | FL00 W07 1083 | TR 1023 1314 ) 108 0% 51 | 3y 148 HY
4 9 | 0513 M40 488 | 3038 %I 1038 | 7456 935 1234 | 108 065 6067 | 2% 168 5669
4 180 | 73264 1613 220 | 37796 689 91 | 7628 &0 102 | 117 040 I3 | 3 18l 46
4 g | 71004 153 216 [ 3M29% 2% &7 f1% 803 980 | 0% 0% 319 | 206 159 5198
4 % | 7093 1689 234 | 34 44 1081 | W8 925 108 | 106 03 316 | 3 1M 448
4 109 | 70986 1612 227 | 672 04 &8 | S0&4 828 10 | 086 032 6% | M 1 MR
4 7540 B0 19 | 37400 %77 1029 ) w4 789 91l ) 06 04 10| 332 156 4688
47 128 | 7470 W3 201 W7 B2 105 ) 8l T 862 | 086 028 M | 33 1% B4

O
@]
Z
av]
mlm
N
1:01.

H(Fixed effect) T8k HAA5H S ol §ale] T dAR B L.

<¥ 3-3-16>
A 94
R 29l T CW EMA BFT MS
A2} 4= FC 8 o) o) 0 0
Sire(2Fx}57) RC 30 o) o) 0 o)
EAAEE) FV 1 0 0 0 0

» FC: fixed cross-classified, FV: covariate, RC: random cross-classified
CW:Z= A% EMA: uHx]—:u;/_]-ng, BFT: EX]HJ A, MS 2R H =
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(2) SNP<} A w}o] APEA
- P EEe e IHEARdR oy 2o}
Y=pn+BX+e X=10,-1for 7} SNPS AA, AB, BB {423
- BE sl EEF ] tste] SNPe| A7hA ERE e
- 9 B SNPEAE AAS 2HzEe] A3 ALOFR)E AASte] frelgEoe] 0.019]

iV

)

3191 SNPES AMWelg=d 2 23} AdddolA] fo49 387 1927] SNPF oA 40
N SNPEO] foA9l EIE UEHME (54T (BFT),
(EMA):11, -t} A W5 (MS7):11) (3£3-3-9)

=AF(CW)9, SAH A

O SNPE <) 9] & 3(Random effect)2 7FF3}9] ASREML(v2.0)S 7538} #4

- AAFTFREAA AdolW FAE FHF o7 7FFFle] 7 SNPE doFmitE 7HEdle] B

- REde Y=Xb+Zg+t Zu+te,

% b: 28 E 7 #E, q SNP &7 ¥WE, w polygenic &7} ¥ E

X: AAEe} AEy AAFE, Zg SNP E3aa AAHE, Z, SNP &3E WAL
F¥Y KFE7HEPD) HH AAPE, e IAHH.

- 9] 2dy SNPEIHE A A wdzke] AAEA S (LR Ag3te] f2o450] 0.059]

o

3kel SNPE & Adstglevl o At AR gaelA] o4 S5 1927] SNPFolA] 37
I SNPEo] fref2el &3tE YRS (5AF7(BFT)S,
(EMA):13, U] A ¥ 5 (MS7):10).

=AF(CW):6, SAIHH A

- 122 -



<E 33175 AR A8l A BEEolZ] KA SNP Fvbe] AZJ(EABLAL ] FARAL
B &)
HAH9R1E) W BT EMA MY ASXCHL00%)  CW  BFT EMA M99
24 -E- t %41 0117 5173 193 BEFEM 16550 0238 867 265
SNPE A SNPEM
Fived 1023 0010 307 0.22 Fived 469 0014 345 (12
Random 620 0007 3.22 0.6
560" UEP (%) 540" 5 UE; (%)
Fived 104 8.3 9.8 113 Fived 28 3] 40 45
Random 64 58 101 84
15 011 0.3 0.62 043 i 011 033 062 048
%a"gye/h’” (%) %0 ye/h’ (%)
Fived 095 0.5 0.16 0.24 Fixed 026 017 006 009
Random 058 0.18 0.16 0.17

A A AM S 9815l didte] A} 1927 S-FSA SNPIF AR A4y, A 2 dog
I wdo| A Zkzh 407, 377] SNPEo] AZ=H9 L. o]F 267] SNPEL F wdoA] 35

A oA oz Wy o] (BET:57], CW:67], EMA:77], MS:87]), SNP &7} A EE o]

&

- JukA oz SNPE A EH FeRS W dYmaro SAXZC] v A YEdS ¢
F7F gon, A I EHo R vATE AAHEY EdolA o Wsh=dl (40>37), o] g
A= dAZHE A= vkAL] G ypgho] 3o HFTH (upward biased) TS H Y.

al
e Qo) zvbel A ole @ WA ZBAE BAR] W] Aol APHE AL o
Asha nA RN ZQgke] 2 by

C oo AWz A% 267 SNP AALE FF 24 9WE S EE) KD 27

- AR W o wiA e A e A= vl AdE] 3le (& 5). AA mAF Tt
diate] al"g viAR dRsE 24k HEe aADESEDANE =AF, SAYFA,
wl g EE g, FuH Rl diste] 77t 10.4(6.4), 8.3(5.8), 9.8(10.1) ¥ 11.38.4H)%=  10%
el 2 e o, AAFAIAdA g vAR deses ke vek 7h dAdE
95(58), 25(18), 16(16) % 24(11)%= YER} ZAFS Al9]sliE 25%01HiQ]l FE<.

- wrEbA wAERR A Aol V)olnE wolY] fsiAE A FUMHoR ¢ B
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<
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421 392
83

68

450
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(1) A EN 2 Fo] Fie] 14
<i 3-3-21>
A4 29
%4 89 T Cw EMA BFT MS
A A A FC 17 O O
At FC 7 O O O
A () FV 1 0 0

% FC: fixed cross-classified, FV: covariate, RC: random cross-classified
CW:% A% EMA: w4 ®, BFT: 5X4 F7), MS TWA YT

(2) SNPsh el Qg
Cdgnde Augud 483 298 48900 Fo)%Ee] 0019519 SNPES

8
AEse g - BAA K35 Fo b GAel vsl F 211 SNPAF B2

< 3-3-22> AEFGoA W ZAF(CW), A HFA(BFT), vl @Al A (EMA), Ul H]

= (MS7) SNPs,

trt_name chrom mk_name pos(bp) beta 0 beta_0.sd beta_l beta lsd f logp aacnt abent bb_ent all_ent
cw 7 BTB-00986847 1126787  -818 255 -1021 281 | 137 355 16 189 883 1088
cwW 11  ARS-BFGL-NGS-21607 100,481,883 9.24 295 | -1103 320 | 1191 324 919 165 6 1090
W 14 BTB-01280026 25,170,557 1005 276 1242 306 1648 4.28 3 202 3885 1090
cwW 29 BTA-65463-no-rs 31,816,218 -744 285 -901 310 843 242 3 171 910 1089
BFT 1 Hapmap42952-BTA-48143 95,518,232 0.00 002 0.06 002 922 261 237 504 349 1090
BFT 6 BTB-01312166 65,708,017 012 005 -014 005 | 671 201 1001 a7 1 1089
BFT 10 BTA-100668-no-rs 68,586,181 0.04 0.02 0.08 003 1003 2.80 46 393 651 1090
BFT 13 ARS-BFGL-NGS-73404 54,520,958 0.10 003 -013 004 1370 3.65 889 193 8 1090
BFT 14 Hapmap25440-BTC-053771 10,464,996 001 0.02 0.06 002 881 252 169 519 398 1086
BFT 18 Hapmap36420-SCAFFOLD190338_7279 55488400  -0.04 0.02 0.08 002 1362 3.63 531 453 106 1090
EMA 1 Hapmap48855-BTA-69221 33,799,177 -0.26 0.30 112 041  7.60 223 420 509 160 1089
EMA 1 BTB-00021776 49,267,473 L3 066 -212 073 845 243 2 187 894 1083
EMA 3 Hapmap27208-BTA-157501 76,469,248 011 0.28 136 040 1159 3.16 228 545 317 1090
EMA 14 BTB-01280026 25,170,557 161 063 199 070 803 233 3 202 885 1090
EMA 18 BTA-42606-no-rs 18,746,752 -0.77 0.38 135 047 841 242 675 352 62 1089
MS7 2 BFGL-NGS-117383 63,905,821 -0.10 006 -0.20 008 668 201 76 425 589 1090
MS7 4 BTA-104512-no-rs 112,700,199 014 007 -025 008 888 253 681 355 54 1090
MS7 5 ARS-BFGL-NGS-8401 76,428,730 0.07 006 -021 007 7.80 227 498 472 1200 1090
MS7 10 BTA-68192-no-rs 49,031,849 0.27 010 -035 011 962 2.70 854 226 10 1090
MS7 10 ARS-BFGL-NGS-35190 104,193,801 -0.03 005 -0.22 007 954 2.69 206 a3z 351 1089
MS7 13 ARS-BFGL-NGS-56654 10,185,777 -0.10 006 -022 008 748 2.20 71 431 588 1090
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O AR Go| A vy o]z SNPE¥ ulws] Hw Aad A €92 SNPEF} UxE=
SNP= vl Al3kA 9. (ol: 149 A4 10Mbe] BFT SNP, 1¥1 ¢444 49Mb EMA SNP, 3
H A 76Mb EMA SNP, 291 @414 63 Mb MS7 SNP). 3 oj® SNPEL =A 50|37
27 ARG o2 wrgke] g Y ERU QLS (repulsion phase).

O o]gt o] oW SNPe| A- SNP Z a7} Abglhat ot AasE BoFgl=u 2 ol

3

= At @Az vEr] Widd. & Mibg el M= 2470 F ol Fdhske] A
&

@)
ot
S
Mg
f
(27
i
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Z
=
e
rir
o
—_>il‘4
ol
N
=
of

N
ok
<
N
o
=
=
o2
rd
i
iz}
)
i
=
NE
r
=
Y
ok
o

67§ 2 YEtEko™, SNPE A RE HASIYS W HA PR viste] siE wihA

& & o] 2.8, 57, 40 2 45%= 10% "

e vEhs e, dAFA AT Y viAER AW 24t ve 4 dE
226, 17, 6 & %= VeIV Z=ASE A 3tale 20%0 WA FE.

O olet e Adb= 247049 oA LdEH ol viAE], 30/1E % =AFAA = 53t

1A3te] 2. whgka] 307098 A= S

b= se]
‘_Elr
£ 2471 9% 3 2 oo FRsord dads A #.

N

AR g g

O B datoaA AW A Ao s oAl 192719 Veracode SNPE A 8-5to] A& ="
% 2GRN LEHo|R SNP vpASe) Wi AL Bk} FAse] AU ool
ek S 2 A RE Fol7] 93] #3 HAAS.

O 37M mu £4 Haor 3 395

(1) N P=9815F) vs &7 (1090 )
- 192719] Veracode SNPE A &3 Al & &t (A AN A el e A B E-2 o)A P=0.01 955
ol A} &A= o) 2 vk 44 SNPsE 18 3191 &

- 19271 2] Veracode SNPE & &3+ AF-&= (M A 2b)ol A 43

oz
)
r2
i
o,
ML
=
X
g
o
=
e

o
_1

Foll A g0} 7 vk 21 SNPsE 414 &)

2

o
I
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-2 fAdelA FEAer Add SNP= =ATOlA N, wjdE Aol s 27, <l

<3 3-3-23>
=4 =1 == mk_mname BEos
WA a ETE-O12830025 251 FO0S5F
E it a ETE-OCOO21 775 A92e X373
E Pl = Hapmapl27203-BTA-157501 FEeI4ae9248
MSS ] BEFSGL-MNGS-11 7383 53905821

- A3 Fagle] A= tE chipolA EaEEojzl SNPE©] 20Mb o|Ue| A3l SNPE

- 2 Huell A GE ddglol g oR e SNPi= 87, Ael SNPe} rprko] 1A%

17]€] SNP2 o] olwin S &g Aol woldli= pleitrophy BHE /A3 gl Ao

etk
<3t 3-3-24>
HWELE diff dis  chrom  tri_name mk_name pos  HWECH titname  chrom mk_name pos
MNEET 62516 7 CW  BTB-00986847 1126787 M2E=F  BFT 7 BTB-00987018 11809203
ANEEL 0 14 CW  BTB-01280026 25170557 Atg2=d  CW 14 BTB-01280026 25170557
ANEEZ 0 29 CW  BTA-65463-no-rs 31816218 A2=72 EMA 29  BTA-63463-no-rs 31816213
AMNEZT 0 29 CW  BTA-65463-no-rs 31816218 A=2E=F  MST 29  BTA-65463-no-rs 31816213
ANgzg 0 1 EMA  BTB-00021776 49267473 M2=F  EMA 1 BTB-00021776 40267473
NEED 0 3 EMA  Hapmap27208-BTA-157501 76469248 AME=7 EMA 3 Hapmap27208-BTA-157501 76469246
ANEZT ] 14 EMA  BTB-01280026 25170557 Hex=F W 14 BTB-01280026 25170557
ANEEZ 0 2 MS7  BFGL-NGS-117383 63905821 AM2EF MST 2 BFGL-NGS-117383 63905821
NEE 0 4 MS7  BTA-104512-no-rs 112700199 Mo2=4 BFT 4 BTA-104512-na-rs 112700199

(2) ANE=ZTE97F) vs A= ) vs &4 (10905)

QAo A SHrel 7] F 33,5687] SNPE AT AWHE

iy
o[-ﬂ-TF‘l

- Illumian chipel] W% A& A
(Mol A e diddel s P=0.01 FojEolA HAH X vk SNPs 5 1927] 9
Veracod SNP A1 & &},

- 1927]1¢] Veracode SNPE 4§35k A & S (M 4ol Al =3 A T4 74 ol A P=0.01 & =
S & A5 0) 2 vhA 44 SNPSE A 191

- 1927 9] Veracode SNPE 2§33 &= (H Aol A =38 AadE4 oA P=0.01 72
o] 4 S5 0] 2 hA 21 SNPSE 41 5191

- 3 AdelA FEor Add SNP= =AS V), wjd2dd el s 27, A
NN U1 SR ol ARHTOSIT) vs ST H1090%) A%} B

4
AL ol&3te] Yubehy Atz s ol v g e dude] AHEE B F
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2o

&

3=
ol x] =

o] o]
2, 5%

pleitrophy E3H(}HELEH)E 7}A| 3L

g Ao #olslE SNPE 3 79

[e ) ==X
AR

T(9815F) vs A&

2 eH(10905)]

==
=

i

Hlumian chipel]l WAE = s A NA] 5%k 7] F 33,5687] SNPE 483 A&
(A42boll A a8 e ABAEA, Bayes A, Bol| A P=0.01 2] <=5l 4] ranodme model]] A P=0.001
$rol 9ol Al B A E o] 21 SNPE O] % ¥ o] 91t 9171 9] wlA & 1027] A

Bl ECE  diff_dis chr trt mk_name pos B| mE e trt_name  chrom mk_name pos

A AE_497 0 1 CW  BTA-06866-r529021222 116377919 Ak 981 W 1 BTA-06866-r529021222 116377919
A4t 497 0 ] CW  Hapmap33068-BTA-160954 18775860 A4t 981 CW 5 Hapmap33068-BTA-160954 18775860
At 497 0 6 CW  BTB-00843812 55293700 A At 981 EMA 6 BTB-00843812 55293700

M A 497 | 212567 6 CW  ARS-BFGL-NGS-23616 55506267 A 981 EMA 6 BTB-00843812 55293700
M Ak 497 ] 7 CW  ARS-BFGL-NGS-28660 4130299 Ak 981 MS7 7 ARS-BFGL-NGS-28660 4130299

M Ak 497 ] i CW  BFGL-NGS-116673 88679092 M4t 981 W i BFGL-NGS-116673 88679092

A4k _497 0 10 CW  BTA-68192-no-rs 49031849 H| A AH_1090 MS7 10 BTA-68192-no-rs 49031849

A At 497 0 10 CW  BTA-100668-no-rs 68586181 H| A4 1090 BFT 10 BTA-100668-no-rs 68586181

At 497 0 14 CW  BTB-01280026 25170557 | AAb 981 and H|A{At 1090 W 14 BTB-01280026 25170557

At 497 ] 14 CW  BTB-01280026 25170557 H| kA 1090 EMA 14 BTB-01280026 25170557

M Ak 497 ] 14 CW  Hapmap23111-BTC-012395 51494004 Ak 981 W 14 Hapmap23111-BTC-012395 51494004
A AL 497 1541704 16 CW  ARS-BFGL-NGS-59831 33037337 AfAE_ 981 BFT 16 BTB-00635702 31495633

A4t 497 563388 18 CW  ARS-BFGL-NGS-39866 18183364 H| A 4t_1090 EMA 18 BTA-42606-no-rs 18746752

At 497 0 21 CW  Hapmap43190-BTA-16332 44201492 At 981 W 21 Haprmap43190-BTA-16332 44201492

M A 497 0 21 CW  'Hapmap43190-BTA-16332 44201492 At 981 EMA 21 Hapmap43190-BTA-16332 44201492

M Ak 497 0 23 CW  UA-IFASA-8948 46324820 M Ak 981 W 23 UA-IFASA-8948 46324820
M Ak 497 0 28 CW  BFGL-NGS-114518 40462756 M AE 981 W 28 BFGL-NGS-114518 40462756
A Ak 497 0 ik BFT  Hapmap24136-BTA-124014 55673837 A4t 981 BFT 1 Hapmap24136-BTA-124014 55673837

A At 497 | 449830 3 BFT  ARS-BFGL-NGS-24326 23483332 A At 981 MS7 3 INRA-565 23933162

At 497 0 5 BFT  ARS-BFGL-NGS-43407 110911478 At 981 BFT 5 ARS-BFGL-NGS-43407 110911478
JqAH 497 | 62516 7 BFT  BTB-00987018 1189303 H| k{4t 1090 W 7 BTB-00986847 1126787

M Ak 497 ] F BFT  BTB-00987018 1189303 At 981 BFT 7 BTB-00987018 1189303

A A 497 ] 14 BFT  Hapmap25440-BTC-053771 10464996 H| A AH_1090 BFT 14 Hapmap25440-BTC-053771 10464996

A4t 497 230270 29 BFT  BTA-111991-no-rs 2841719 A4t 981 BFT 29 BTA-65196-no-rs 28186926

At 497 0 1 EMA  BTB-00021776 49267473 | AAb 981 and H|A{At 1090 EMA 1 BTB-00021776 49267473

At 497 0 3 EMA  Hapmap27208-BTA-157501 76469248 | A At 981 and H|A{AF 1090 EMA 3 Hapmap27208-BTA-157501 76469248

M Ak 497 ] 6 EMA  BTB-00843812 55293700 M Ak 981 EMA 6 BTB-00843812 55293700

M AE 497 ] 7 EMA  BFGL-NGS-116673 88679092 Ak 981 W 7 BFGL-NGS-116673 88679092

A4k 497 0 9 EMA  BTB-00384802 35216259 Af Ak 981 EMA 9 BTB-00384802 35216259

At 497 0 10 EMA  BTA-100668-no-rs 68586181 H| A4 1090 BFT 10 BTA-100668-no-rs 68586181

At 497 0 jil EMA  ARS-BFGL-NGS-21607 100481883 H| A4 1090 W 11 ARS-BFGL-NGS-21607 100481883
A 497 0 14 EMA  ARS-BFGL-NGS-26028 21080793 At 981 W 14 ARS-BFGL-NGS-26028 21080793

M Ak 497 0 14 EMA  ARS-BFGL-NGS-26028 21080793 Ak 981 EMA 14 ARS-BFGL-NGS-26028 21080793

A Ak 497 1] 20 EMA  Hapmap53674-rs29025319 8676696 A4t 981 BFT 20 Hapmap53674-rs29025319 8676696

MAE 497 0 20 EMA  Hapmap53674-r529025319 8676696 MAF 081 EMA 20 Hapmap53674-rs29025319 8676696
A At_497 0 20 EMA  ARS-BFGL-NGS-38569 57693263 MAE 981 EMA 20 ARS-BFGL-NGS-38569 57693263
A At 497 0 21 EMA  Hapmap43190-BTA-16332 44201492 M4t 981 cw 21 Hapmap43190-BTA-16332 44201492
MAE 497 0 21 EMA  Hapmap43190-BTA-16332 44201492 MAbog1 EMA 21 Hapmap43190-BTA-16332 44201492
At 497 0 24 EMA  ARS-BFGL-NGS-35298 13445705 MAF 981 EMA 24 ARS-BFGL-NGS-35298 13445705
M4t 497 0 28 EMA  BFGL-NGS-114518 40462756 MAE 981 cw 28  BFGL-NGS-114518 40462756
MAE 497 0 29 EMA  BTA-65463-no-rs 31816218 MAEog1 EMA 29 BTA-65463-no-rs 31816218
MAL_a97 0 29 EMA  BTA-65463-no-rs 31816218 MAE 981 MS7 29 BTA-65463-na-rs 31816218
A At 497 0 29 EMA  BTA-65463-no-rs 31816218 HAJAF_1090 cw 29 BTA-65463-no-rs 31816218
MAE 497 0 2 MS7  BFGL-NGS-117383 63905821 A4t 981 and E| A4t 1090 MS7 2 BFGL-NGS-117383 63905821
At 497 0 3 MS7  ARS-BFGL-MGS-102388 20000610 MAF 081 MS7 3 ARS-BFGL-NGS-102388 20000610
AA_497 0 3 MS7  INRA-565 23933162 MAE 981 MS7 3 INRA-565 23933162
MAL 497 0 3 MS7  ARS-BFGL-NGS-41558 123148964 MAb g1 MS7 3 ARS-BFGL-NGS-41558 123148964
MAE 497 0 7 MS7  BTB-00317097 65652720 MAE 081 MS7 7 BTB-00317097 65652720
A 4497 0 10 MS7  ARS-BFGL-NGS-35190 104193801 HAJAF_1090 MS7 10 ARS-BFGL-NGS-35190 104193801
M4t 497 0 13 MS7  ARS-BFGL-NGS-56654 10185777 H| A A 1090 MS7 13 ARS-BFGL-NGS-56654 10185777
MAE 497 0 13 MS7  ARS-BFGL-BAC-869 23814812 MAb o081 MS7 13 ARS-BFGL-BAC-869 23814812
A AE497 0 13 MS7  ARS-BFGL-NGS-73404 54520958 H|AJAF_1090 BFT 13 ARS-BRGL-NGS-73404 54520958
AAt_497 0 16 MS7  Hapmap26379-BTA-130999 51370098 MAF 981 MS7 16 Hapmap26379-BTA-130999 51370098
MAE 497 0 18 MS7  Hapmap36420-SCAFFOLD190338.7279 55488400 | At 1090 BFT 18 Hapmap36420-SCAFFOLD190338_7279 55488400
A AL_497 | 1202340 23 MS7  Hapmap36138-SCAFFOLD96069_11607 6896529 M AL 981 EMA 23 ARS-BFGL-NGS-23687 8099369

A At 497 0 26 MS7  BTA-61647-no-rs 42127980 MAE 981 MS7 26 BTA-61647-no-rs 42127980
MAE 497 0 29 MS7  BTA-65196-no-rs 28186926 MAE o981 BFT 29 BTA-65196-no-rs 28186926
At 497 0 29 MS7  BTA-65463-no-rs 31816218 MAE 081 EMA 29 BTA-65463-na-rs 31816218
A At 497 0 29 MS7  BTA-65463-no-rs 31816218 MAE981 MS7 29 BTA-63463-no-rs 31816218
MAb 497 0 29 MS7  BTA-65463-no-rs 31816218 H| {4t 1090 CW 29 BTA-65463-no-rs 31816218

<i 3-3-25>
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- S48 PAo BAsl= SNPE S Jl9) AR 9 T 7] o]t Ao wd
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S
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250 -
200 - " MAaE_SASZ
150 -
100 -
50 -

3 2 1 1+ 1++

<1y 3-3-5>

- 4275 NAES chipel 1 SNP genotyped} 25+ 3F A#EAE vh53 Zo] Al @A

(1) S245HES oldddg=z W3 s HUAEE 3559 4% ‘I'2 Yz 552 0
Q) AR 228 L39S
Y=p+BX+e X=10,-1"for 2 SNPQ] AA, AB, BB 7%} 3
- BE lFEAF o thdte] SNPo| AvbzE &E e,
- 33,5687 SNP 5 oA f-o]5F0] 0.010]3}91 SNPES 4W¥HeA = < 73171 SNP7}
AR
<3 3-3-26>. SATH GFE gy SNP A
A i 20 3 4 5 6 7 &8 9 0 11 12 13 14 15
£330 49 48 38/ 27 2 40 1N 30 18 4 24 W 29 21 3
A 16 170 18 19 200 20| 220 23 24 25 2 21| 28 29 A
£330 260 231 13 17 11 Al 15 17 24 11 14 7024 24 731

(3) Aol A W SAGZF 24 SNPEe| e SNPEZ A3 =
AFEFY(LD)o] AT 5 & F Jorm=z I AIS SNP setE A= A o]

4 a3k uwpe}A] stepwise-regression procedureE & £-3}o] W Eof inclusiond} exclusion

thresholdsZ 0.01 § 9 FFo 2 AAs ] 3395
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SASH el g vkA FE= 357 o, o]Eo] AA TAY B Fol
A Eolz B v LS 63.61%% ERY (ofdm Fx).

B RU o83 WEHolzl SNPES 9 uKEe] A9 ug Ao, i gad

[e]
©
AE 710 Adste] AAlFFE €9 & 4F AR 2 AabdrE d3d Ao

vh, S5 d 3 HE SNP set 244

O 1927] SNP set ¥ AR P A] dFd §FHZ 357] SNPE FolA SHSHA7 {797
o= A#H 3= 967] SNPE A0S (H2PsHA H&, A3 Fx).

O 967] SNPZ veracode KitZ A 213t S (A28 S 7A4]) TS F 3 whol|(N=2,735) tjalo] &A

el AuHy oI 52 AR S

(1) AAF 3 T HER-o AA Fh: 40~492F & 1,146

<E 3328 AAAE RALE, ZASCW), T EHA(EMA), S A7 (BFT), <l

AT no |4 mean sd Vo |CW.mean  sd oV EMA_mean  sd CV  BFT_mean sd oV |MS_mean  sd oV
40 02 72451 138 260 37100 | 3907 1053 7183 1023 1314 108 056 3150 337 148 4394
41 99 0513 3440 433 35038 | 3637 1038 7456 935 1254 08 065 60.67 296 168 56.69
42 180 73264 | 1613 220 37798 | 36.69 971 73.28 8.0 10.28 117 040 413 3.7 181 4691
43 178 71004 1534 216 34296 | 2994 873 81.93 8.03 9.80 0.96 035 36.19 3.06 159 5198
a4 8 72093 1689 234 38345 | 4147 1081 8483 823 1088 106 033 3116 383 174 4542
45 108 70986 @ 1612 227 34672 | 3045 878 80.64 8.28 10.27 (.86 032 36.92 4 175 5412
46 127 71540 | 1370 192 35740 | 3677 10.29 8443 1.69 911 076 0.24 3210 332 156 46.88
47 128 71470 | 1437 201 36217 | 3822 1055 8316 117 862 086 0.28 3204 313 136 4340
43 180 71433 1411 197 36321 | 3718 10.24 3358 782 947 087 033 3748 3.08 150 4539
49 166 70182 2113 301 34165 | 4020 | 1177 8031 17 964 070 0.29 42.36 303 143 4715
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<3

Frd

S ==
]

3-3-27> %4 %

TG} Ao YzHoZl SNPs

SMP marker A8 3| posibp) B HEEEHXN -LOG.,.S| A FE B H = 6.2
ARS-BFGL-MNGS-26771 1 69,528,623 0.05 0.016 2526 .40 0.60 0.0012
ARS-BFGL-NGS-7472 1 124,253,359 -0.061 0.016 2.054 0.56 0.1 0.001s8
BTA-14230-rs29022995 2 20,978,362 -0.032 0.015 2.243 0.52 .48 0.0005
BTA-90292-no-rs 2 90,639,723 -0.074 0.017 3103 0.38 0.62 0.0026
BFGL-MNGS-111424 2 139,492,013 -0.045 0.019 2.734 078 0.22 0.0007
BFGL-MNGS-110586 3 105,007,296 -0.048 0.016 2.8849 051 0.49 0.0012
ARS-BFGL-MNGS-2229 3 121,786,597 -0.149 0.034 2422 .94 0.06 0.0023
ARS-BFGL-MNGS-40507 <4 25,183,064 0.043 0.017 2.206 0.38 0.62 0.0009
ARS-BFGL-MNGS-104278 <4 82,322,976 0.106 0.02 S.614 0.21 0.79 0.0037
BFGL-MNGS-115275 5 105,981,906 -0.0458 0.018 2475 .74 0.26 o0.0009
ARS-BFGL-MGS-91848 =] 19,660,701 0.049 0017 2527 0.37 0.63 0.0011
BTBE-01527489 (=] 49,080,811 -0.088 0.033 2.502 0.93 0.07 0.0010
ARS-BFGL-MNGS-65062 =] 121,357,123 -0.091 0017 2216 O57 043 0.0041
BFGL-MNGS5-110361 7 13,020,288 -0.039 0.021 2.083 0.20 0.80 0.0005
ARS-BFGL-MNGS-84417 7 45,559,923 0.08 0.023 2.293 0.85 0.15 00017
BETE-00328499 i 104,641,306 0051 0.019 2073 0.79 0.21 0.0009
Hapmap5S9023-rs2902221%5 = 70,552,067 0.068 0.016 2449 0.30 0.50 0.0023
BETBE-00416489 10 32,359,100 0.041 0.015 2.056 .49 0.51 0.0008
BTA-76282-no-rs 10 80,499,736 -0.06 0.019 2.56 024 o0.76 0.0013
Hapmap25798-BTA-126388 11 34,208,674 -0.041 0.017 2.041 0.65 0.35 0.0008
Haprap27450-BTA-157196 12 23,346,825 -0.077 0.025 2683 011 0.89 0.0012
BFGL-MNGS-116223 12 50,793,574 -0.084 0.02 2.69 0.20 0.80 0.0022
Haprmap39219-BTA-31890 13 22,692,474 -0.056 0.016 2.592 057 043 0.0015
ETBE-01454391 i3 34,018,752 0.052 0.024 2182 0.85 015 0.0007
ARS-BFGL-MNGS-97782 i3 46,536,278 -0.077 0.025 2.288 o013 0.87 0.0013
ARS-BFGL-MNGS-73404 13 54,520,958 -0.077 0.028 5164 0.90 010 0.0011
BFGL-MNGS5-114870 15 29,005,081 -0.078 0017 3.124 0.47 .53 0.0030
BETE-00648332 16 51,394,400 -0.054 0.017 2511 0.40 0.60 0.0014
ARS-BFGL-BAC-35318 16 62,995,331 -0.045 0.016 DEFG 0.53 047 0.0010
ARS-BFGL-MNGS-62454 17 67,951,275 0.05 0.017 2467 0.32 0.68 0.0011
BFGL-MNGS-115680 18 44,993,079 -0.059 0.016 4.094 0.56 0.3 0.0017
Hapmap59970-rs29026939 21 42,906,062 -0.035 0.018 2518 0.25 075 0.0005
BTBE-00927181 26 18,624,183 -0.046 0.016 2438 0.53 047 0.0011
Haprmapd46848-BTA-60788 26 20,312,810 -0.06 0.016 2251 .40 0.60 0.0017
BTE-00995659 28 45,898,513 0.042 0.016 224 0.45 0.55 o.0009
[ 63.61 0.0505
(2) & v AAMS e T 1,589F
<F 3-329> FEFHE= EFAATH + FHESAA T
NEUE =pzipad BNE 47| ENE M= fsllel 95128 tts13e] ohs14s| sEEMATET o
A= 536 56 g 45 168 196 155 344 1589
nG noo|28 mean s OV |CW.mean  sd OV FMAmean s V. [BFT_mean sd Vo MS_mean s v
=28 W 04180 10438 1108| 40933 4151 1014|866l 883 1020 130 0.0 384 428 18 429
Ha 80 01259 4613 506 | 42471 4401 1036| 9169 1065 1161 130 059 304 6.89 177 58
N A7 % 00916 4598 S06| 43200 3% 78| W71 8% 8| 17 031 8| T8 1M 05
ZhE R 9 8011 24010 2896 4433 38 716| o444 781 87| 143 07 deB2| 7RO 03 176
aElly 45 89291 1630 183 | 42588 3943 926| 0440 1002 1082 120 045 I7EY| &4 093 113
orEl2g 168 93235 1629 175| 44186 4201 971 77 1020 1088| 138 054 ¥R T4 180 275
oE13E 19 02355 1495  162| 42757 4355 1019| 8976 871 970| 12 047 3693 551 18 3B
oeldy 155 43756 4096 936 | 93 1152 17N 17 052 406 6.80 172 23
O SNPE A & (Fixed effect) 2 1FF3lo] HAAGHE o] &3t 7 GAZE 4319
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SNPo] dlahe] @EAe 245
(4) SNPS} & Aol Qg4
- AgEge ve gAEARdR offe 2t

Y =p+ BX + BX, +oe

M

-X;=1,0, -1; X, =0, 1, 0 for Z& SNP2] AA, AB, BB f %49
- B B2 sg gAY tste] Z-z SNPo ArhA(additive) 94 (dominance) EIE U

B,
- 9 2dd SNPEFHE A md3he] A3 A GAMOF)E AAste] &40l 0.050]
3kQl SNPE-& AHetlom, SNPE7HY] AdEdH(LD)o] & ¢ EHA 3% SNPE A3}

3L A} stepwise regression H}H-S A £3}o] 7 AWM HHZ SNP setEs 2 A3 (inclusion
& exclusion P-value: 0.05).

O <A#EH A T 55709 SNP=o] S#HSHY ABAE Blow, A4t 2 F& ol A
742k 357 % 2971 SNPE o] WEH AU

<¥ 3-3-30>
%GESNF‘fagpher.nrype I%'GZSNI=‘fc[2ge|'.|:|ty|:re

SMPE == BFT CWT EMA Marb HE g8E MMET MEREC MAED HgE

MALEIC 52 75 10 g g BFT 0.40 207 6.8 51.8 17.0
AP ECH 40 13 5 7 15 CWT 0.33 128 3.5 388 106
Bt 92 28 15 16 23 EMA 0.41 7.3 3.9 17.8 9.5
Marb 0.50 6.1 7.5 122 12.2

O 557] SNPEL § 872 4% A (A7 (BFT), A

< (CWT), S 9% (EMA),
T A = Marb)) thalke] 927) 2 tE BSl=d Aqbddat g el A g2 5278, 4074

232 Jegon, 828z SANTA6 ke 713 we SNPE (387)F
WYT, TRARE, AR, vAF wor wEyge.
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HE GNP BTA Postion(bp) ®E T SNP Minc-r‘ HIE =1t Estimates  Stder P-value %0 5\1."IIUZ;'2':'.'_;;:
1 560-Hapmap24136-BTA-124014 1 55673837 BFT  AMMEH GT| G 016 addl 0621 0217 00044 0.66
2 560-ARS-BFGL-NGS-26771 1 09323823 BFT AETL AG| A | 036 add) 1072| 0407 00088 200
3 seq-BTA-0BBEE-1520021222 1 116377919 CWT MMETH C/6) G 009 add 6759 2512 00072 058
4 seq-Hapmap30505-BTA-85742 2 39008749 BFT MMELH GT| G 0407 add -0839 0317 00068 0.60
5 seq-BFGL-NGE-117383 2 63905821 Marb AMAMEQ AG A 021 add -0280 0081 0.0005 101
£ seg-ARS-BFGL-NGS-80431 2 | 72506006 EMA MAMEDH | AG | A 026 add -1206 0386 0.0008 (.45
£ 5e0-ARS-BFGL-NGS-80431 2 72596096 CWT AMARDH  AG | A | 026 add -6484 | 1681 00001 120
7 56q-BTA-90292-nc-1s 290639723 Mab AREC CT| C | 048 dom| 0406 016800163 116
& 5e0-ARS-BFGL-NGS-102388 3 20000610 Marb AMAHELD CT T | 013 add -0270 0096 0.0049 067
0 seq-Hapmap27208-BTA-157501 3 76469248 BFT MEED CT| C | 046| add) -0451| 0.189 00173 039
§ seg-Hapmap27208-BTA-157501 3 76460248 EMA AMEED CT| C | 046| add| 1107 | 0.369 00027 0.56
10 seq-ARS-BFGL-NGS-2229 3 12786597 BFT  MMECH CT T | 009 add -0868 0438 00481 063
11 56q-ARS-BFGL-NGS-41558 3123143964 BFT AL AC| A& | 013 add -0769| 0291 00083 0.43
11 560-ARS-BFGL-NGS-41558 3 /123148964 Marb AMARLCH  AC O A 010 add 0866 0208 <0001 145
11 seg-ARS-BFGL-NGS-41558 3 123148964 Marb AMAED  AC A 010 dom -0668 0 0236 0.0046 067
12 seq-ARS-BFGL-NGS-104278 4 | 82322976 BFT AMMECDE AG A 025 add 1689 0379 <0001 320
12 seq-ARS-BFGL-NGS-104278 4 82304976 EMA MMECE AG A 025 add 1291 0593 00293 081
12 5eq-ARS-BFGL-NGS-104278 4 | 823224976 BFT MMEDH | AG| A | 025 dom -1702 | 0467 00003 215
13 5eq-BTA-104512-nc-1s 4 112700199 Marb AETLH AG| G | 021 add) -0295| 0001 00013 0.63
13 5eq-BTA-104512-no-1s 4 112700199 | BFT MMRDE AG| G | 021 dom 0602 0235 00106 0.33
14 seg-Hapmap33068-BTA-160954 5 18775860 BFT AMEED AG| A | 022 add| -0546| 0228 00168 039
14 seg-Hapmap33068-BTA-160954 5 18773860 Marb AEEL AG| A | 022 add) -0255| 0093 0.0061 0.46
15 seq-ARS-BFGL-NGS-8401 5  7RA28730 Marb A2ED GT | T | 033 add -0168 0081 00384 0.26
15 seq-ARS-BFGL-NGS-8401 5 | 76428730 BFT  MMECH GT| T | 029 add] 0605 0201 00027 073
15 560-ARS-BFGL-NGS-8401 3 | 76428730 BFT | MATCH GT T 029 dom 0585 0262 00258 040
16 5e0-ARS-BFGL-NGS-43407 5 110911478 Marb AEEE AG| G | 046 add] 0220 0.078 | 0.0045 0.49
16 seg-ARS-BFGL-NGS-43407 5 110911478 | BFT MAED |AG | G 041 add 0491 0163 00027 073
17 seq-BTE-01312166 6 | 65708017 BFT AMEEL CT T | 005 add -1166 0488 0.0169 038
17 seq-BTB-01312166 6 65708017 BFT MMECH CT T | 005 add -0872 0350 0.0129 050
18 seq-ARS-BFGL-NGS-65062 6 121357123 BFT MMEQ (AC | C 047 dom 1072 0340 00017 160
19 seq-BTB-00986847 7| 1126787 CWT AERE AC| A 011 add -6387| 2497 00106 041
19 seq-BTB-00986847 7 1126787 Mab AREC AC| A | 011 add] 0286| 012300203 033
19 seq-BTB-00936347 T | 1126787 BFT AMEHEL AC| A | 011 dom| -0776 0350 00267 034
20 seq-ARS-BFGL-NGS-28660 7| 4130299 EMA AMEECH CT| T | 021 add) -1410| 0453 |0.0019 0.60
21 seq-BTE-00301426 729194445 Marb A2ED AG| A 048 add -0199 0077 0.0092 041
22 5eq-ARS-BFGL-NGS-24417 7 45559923 BFT  MMECH GT | T 017 dom 0909 0383 00180 0
23 5e0-BFGL-NGS-116673 7 88679002 CWT MMTTH GT T | 007 add 9464 2927 00013 0.84
23 560-BFGL-NGS-116673 7T 88679002 EMA MG GT| T | 007 dom -L715| Q671 00107 0.35
24 seq-BTE-01837202 0 1463198 Marb MEED AG| G | 015 dom 0325| 0124 00085 042
25 5eq-Hapmap59023-rs20022215 0 70552067 EMA AMEED CT| T | 049| add] 1361 0648 |0.0363 088
26 seq-BTE-00416489 10 0 32350100 | CWT  MAECT CT C | 043 dom -7688 3.007 00133 103
27 seq-ARS-BFGL-NGS-31807 10 | 63139835 BFT AEEO AG| A | 028 |dom 0544| 0271 00446 0.28
26 560-BTA-100663-nc-1s 10 63,386,181 BFT AEED AC| A | 023 add) 0687 | 022800027 0.62
29 560-ARS-BFGL-NGS-32379 10 82876725 BFT AEELD AG| A | 043 add -0381| 0190 00446 023
30 seq-ARS-BFGL-NGS-35190 10 104193801 Marb @%QB CT| C | 044 add] -0153| 007700472 024

<# 3-3-31>
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HE SHP BTA  Positionlbp) EE FE SHP Mim:-r‘ BT 1} Estimates  Stdem P-value %0%s/0° sranatyza

31 seg-Hapmapd4708-BTA-104202 11 | 74869821 EMA MMED C/G G 035 add 1162 0375 00020 0.81
31 seq-Hapmapdd793-BTA-104292 11 74869821 BFT AMUED  CG 035 add 0351 017400437 0.33
31 seq-Hapmapa4798-BTA-104292 11 74869821 BFT MMED  C/G 035 dom -0592 0239 00135 0.50
31 seq-Hapmapad798-BTA-104292 11 74869821 EMA MMED  C/G 035 dom 1270 0518 00143 0.51
32 5eQ-ARS-BFGL-NGS-21607 11 100481883  CWT A2EL | CT 008 add -9.147 3124 | 00035 054
32 52Q-ARS-BFGL-NGS-21607 11 100481883 Marb MAED T 006 add -029% 0138 00307 0.39
33 seq-Hapmap23440-BTC-053771 14 10464996 BFT M2fH AG 039 add 0468 0194 | 0.0162 040
33 seq-Hapmap25440-BTC-053771 14 10464996  BFT AMMET AG 037 add 0686 0172 <0001 129
33 ceq-Hapmap25440-BTC-053771 14 | 10464996 Marb AESEDE  AJG 039 | dom 0212 0107 00483 0.24
33 5eq-Hapmap25440-BTC-053771 | 14 | 10464996 BFT AMEE | AG 037  dom -07i1 0236 00027 0.74

34 seq-AR5-BFGL-NG5-26028 14 21080793 EMA MUEER  AG 0.38 add -0731 0345 00346 0.38
34 seq-AR5-BFGL-NG5-26028 14 21080793 CWT M4ER  AG 038 add -3921 1527 00104 0.53
35 seq-BTB-01280026 14 5170557 EMA (A2EH o1 010 add 1576 068100208 033
35 se0-BTB-01280026 14 | 25170557 CWT |88 | OT 010 add 12440 2901 <0001 115
35 seq-BTB-01280026 14 5170557 CWI MAEDT o1 0.13 add 18253 2249 <0001 531
35 seq-BTB-01280026 14 25170557 EMA MMED o7 013 dom 1727 0574 00027 0.76
36 seq-BTB-01640337 14 | 36005273 BFT AEFET | GT 040 dom 0533 0265 00441 0.28

014 add -0291 0117 00129 0.37
012 add 0489 0249 00498 031
014 dom 0890 0322 0.0059 0.52

37 seq-Hapmap23111-BTC-012395 14 51494004 Mah ABEE  AC
37 seq-Hapmap23111-BTC-012305 14 | 51494004 BT AMET AL
37 seq-Hapmap23111-BTC-012395 14 | 51494004 BFT ARED AL

38 seq-BTB-00635702 16 31495633 BFT AMMET | AG 035 add 0380 0164 00205 044
38 5eq-BTB-00635702 16 | 31495633 CWT AHMED | AG 035 add 3739 1549  0.0160 047
39 seq-BTB-00652140 16 | 53,663,332 | EMA MEED | OT 011 add -1821 0594 00022 0.38
39 seq-BTB-00652140 16 53663332 Marb A2ET T 011 add -0361 012500038 051
40 seg-BFGL-NGS-115680 18 | 44993079 OWT AMEBR | T 043 add 5882 2243 | 0.0090 115
41 seg-Hapmap53674-1s20025319 20 B676696  BFT AMMEOD O 011 | add -1675 0488 00006 0.96
41 seq-Hapmap53674-1s20025319 20 8676696 EMA AMMEDH | CT 011 | add 2594 0540 <0001 194
41 seq-Hapmap53674-1s20025319 20 8676696 BFT AMMEO | CT 011 dom -1268 0550 00212 043
42 seq-BTA-18321-no-rs 20 | 66423918 BFT AMMEE | AG 045 | dom -0452 0220 00402 0.34
43 seq-ARS-BFGL-NG5-55520 21 | 29076315 CWT AMES | AG 033 add 3431 155200273 0.39
44 seq-BTB-01107663 21 29363186 Marb AEED T 036 add 0169 0079 00329 0.28
44 ¢eq-BTB-01107683 21| 29363186 EMA MEBED | OT 0.36 dom -1412 0519 | 0.0066 046

030 add 0993 0363 0.0063 0.63
030 dom -0228 0094 00155 049
017 add -0205 0101 00431 0.25
030 dom -0685 0269 0.0109 0424

45 seq-ARS-BFGL-NGS-23687 23 | 80993060 EMA AMMEL QT
45 5eq-ARS-BFGL-MGS-23687 23 8099360 Marb MAED  GT
46 seq-ARS-BFGL-MGS-24167 24 49979961 Marb MEED T
47 seq-Hapmap46804-BTA-B9312 26 | 12408998 BFT ASED  AG

[ Bl =S S e R e R R R S e R R e M A A R R R R e S s AR AR B A A e e A A A TR 1 R - A i o b S N R Ry B ]

43 seq-BTB-00027181 26 | 18624183 BFT MMEL | AG 046 dom 0684 0341 00453 0.65
49/seq-Hapmap46B48-BTA-60788 26 20312810 CWT AMLHEEH  AG 039 dom 8723  3.095 00050 133
50 seq-BTA-100341-no-s 26 | 34983053 BFT AMEQ | GT 041 add -0456 0156 |0.0035 0.70
51 seq-BTA-61647-n0-rs 26 42127980 Marb MAED 6T 013 add -0222 0097 00227 044
52 5eQ-ARS-BFGL-NGS-39970 27| 32759635 BFT AMMER | CA 036 add -0631 0177 |0.0004 103
52 58Q-ARS-BFGL-NGS-39970 27| 32759635 BFT AMMER | OO 036 dom -0481 0238 00431 0.33
53 58Q-BFGL-NGS-114518 28 40462756 EMA MEFD AL 019 add -1318 0456  0.0039 0.52
53 5eQ-BFGL-NGS-114518 28 40462756 CWT ME2EQ | AG 019 add -4164 1924 00306 0.29
53 $eQ-BFGL-NGS-114518 28 | 40462756 Marb MEED | AG 019 | add -0478 0095 <0001 152
54 5eq-BTB-00995659 28 | 45898513 CWT AMEFM | AG 047 | dom -9188 3950 00204 1.08
35 58q-BTA-65463-n0-rs 29 31816218 Marb MUEE  GT 010 add 0348 0104 00009 0.94
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QWT (=XIF, kg)

HZ= SMP BTA  Positionibp) SMP Mincr| BI= = Jpstimates  Stderr P-value %02;\:_'"'02;—;—;1-_‘-;;
S4EEH
1 seq-BTB-00986847 i 1,126,787 | ASC A 011 add -84 2.5 | 00106 0.41
2 seg-ARS-BFGL-NGS-21607 11 100,481,883 | C/T T 0.0 add -4.1 3.1 | 00035 004
3 seq-BTB-0128002 14 25,170,557 | C/T C 010 | add 124 g <.0001 LIS
4 seq-BFGL-MGS-114518 28 40 462,756 | ASG A 019 add -4.2 1.9 | 0.0306 0.29
5 seq-BTB-00995659 28 45,898,513 | ASG A 0.47 | dom -82 3.9 | 00204 1.08
A 347
A AHET
1 seq-BTA-06866-rs29021222 1 116,377,919 | C/G G 0.09 add 6.8 25 | 0.0072 0.58
2 seg-ARS-BFGL-NGS-80431 2 72,596,096  ASG A 0.26 add -6.5 1.7 | 0.0001 1.20
3 seq-BFGL-NGS-116673 Fi 88,679,002  o/T T 0.07 | add 9.5 2.9 00013 0.84
4 £eg-BTB-00416480 10 | 32359100 | /T C 0.43 | dom 7.7 31 00133 103
5 seq-ARS-BFGL-MNGS-26028 14 21,080,793 | A/G G 0.38 add -39 15| 0.0104 0.53
6 seq-BTB-01280026 14 25,170,557 | CT C 0.13 add 183 22 <001 5.31
7 seq-BTB-00635702 16 31,495,633 ASG G 0.35 add 37 15 | 00160 047
8 seq-BFGL-NGS-115680 18 | 44993079 OT T 0.43 | add 3.9 22 0.0090 115
9 seq-ARS-BFGL-NGS-55520 21 29,076,315 | A/G G 0.33 | add 34 16| 0.0273 0.39
10 seq-Hapmap46845-BTA-60788 26 20,312,810 | ASG A 0.32 | dom 8.7 3.1 | 0.0050 1.33
oHA 1283
EMA (SHTHHE, am?)
M= SMP BTA  Positionibp) SMF Minor| EIZ =DI}stimates Stderr P-value %Uzgxz.fﬂz;1=-:tg-;=
S4E5H
1 seg-Hapmap27208-BTA-157501 3 76,469,248 | C/T C 046 | add 111 037 | 0.0027 0.56
2 seg-ARS-BFGL-NGS-28660 7 4,130,299 | /T T 021 | add| -141 04> 0.0019 0.60
3 seg-Hapmap52023-rs29022215 G 70552067 | C/T T .49 add 1.36 0.65 | 0.0363 0.88
4 5eq-BTB-01280026 14 25,170,557 | CT C 0.10 add 158 0.68 | 0.0208 0.33
5 seq-BTB-00652140 16 53,663,332 | C/T C 011 add -1.82 0.59 | 0.0022 0.58
6 5eq-BTB-01107683 21 29,363,186 | C/T C 0.36 | dom -141 0.52 | 0.0066 0.46
7 seg-BFGL-MGS5-114518 28 40,462,756 | A/G A 0.19 add| -132 046 | 0.0039 0.52
A 393
MUugH
1 seq-ARS-BFGL-NGS-80431 2 72,596,096 @ ASG A 0.26 | add| -1.30 0.39 | 0.0008 0.95
2 seg-ARS-BFGL-MNGS-104278 4 82,322,976 | A/G A 025 | add -1.29 0.29  0.0298 0a1
3 seq-BFGL-NGS-116673 7 88,679,092 G/T T 007 | dom, -172 0.67 | 0.0107 0.55
4 seg-Hapmap44798-BTA-104292 11 74,869,821  C/G G 0.35 add 1.16 0.37 | 0.0020 0.81
5 seg-Hapmap447938-BTA-104292 11 74,869,821  C/G G 0.35 | dom 127 032 | 00143 0.01
& seq-ARS-BFGL-NGS-26028 14 | 21,080,793 | A/G G 0.38 | add -073 0.30  0.0346 0.38
7 5eq-BTB-01280026 14 25,170,557 | C/T C 0.13 | dom 173 0.57 | 0.0027 0.76
8 seg-Hapmap53674-rs29025319 20 8,676,696 | C/T T 0.11 add 259 0.54 <0001 194
9 seq-ARS-BFGL-NGS-23687 23 8,099,369 G/T T 020 | add, 0099 0.36 | 0.0063 0.63
SHH 7.33
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<3k 3-3-32>

Marb (ZLHX|2 =)

EH= SMP BTA Position(bp) SNP  Minor Bl =31} stimates Stderr P-wvalue %Uzgk,:_-"’ﬂzz
=HETE
1|seq-BTA-20292-no-rs 2 90,639,723 | C/T C 0.48 | dom 041 017 | 0.0163 116
2 seq-BTA-104512-no-rs A4 112 700,199 fG G 021 add| -0.30 0.09 00013 0.63
3 seq-Hapmap33068-BTA-160954 5 18,775,860 | ASG A 022 add| -0.25 .09 o.ooel o4E
4 seq-ARS-BFGL-MGS-8401 =] F6,428 730 | G/T L] 0.33 add! -0.17 .08 0.0384 026
5/seq-ARS-BFGL-MNGS-43407 5 110,911,478 AJG G 0.46 add 022 0.08 | 0.0045 0.49
6 seq-BTE-00986847 Fi 1,126,787 | ASC A 0.11 add 0.29 0.12 0.0203 0.33
7 5eq-BTB-00301426 x 29,194 445 ASG A 048 add| -0.20 .08 o009z 41
8 seq-BTB-01837292 9 1,463,198  ASG G 0.15 | dom 033 012 | 0.0085 042
9/seq-ARS-BFGL-MGS-35190 10 104,193,801 | C/T C 0.44 add| -0.15 0.08 | 0.0472 0.24
10 seq-Hapmap25440-BTC-053771 14 10,464,996  ASG A 0.29 | dom 021 011 o.0483 024
11 seqg-Hapmap23111-BTC-012395 14 51,494 004 ASC A 014 add| -0.29 012 0.0129 037
12 seq-BTB-00652140 16 53,663,332 | C/T C 0.11 add -0.36 012 | 0.0038 051
13 seq-BTB-01107683 21 29,363,186 | C/T C 0.36 add 017 0.08 0.0329 028
14 seq-ARS-BFGL-MNGS-24167 24 49,979,961 /T = 0.17 add| -0.20 0.10 004351 0.25
15 seq-BFGL-NGS5-114518 28 40,482,756 ASG A 0.19 add| -0.48 010 <. 0001 152
=i 754
A AHENE
1 seq-BFGL-MNGS-117383 2 63,905,821 | ASG A 021 add| -0.28 0.08 00005 1.01
2 seq-ARS-BFGL-NGS-102388 3 20,000,610 | C/T T 0.13 add -0.27 0.10 | 0.0049 0.67
3 seq-ARS-BFGL-MGS-41558 3 123148964 ASC A 0.10 add 0.87 0.21 = 0001 145
4 seq-ARS-BFGL-MGS5-41558 3 122,148,964 ASC A 0.10 | dom  -0.67 024 00046 0.67
5 5eq-ARS5-BFGL-MNGS-21607 11 100,481,883 /T F 0.06 add| -0.30 014 00307 0.39
6 seq-ARS-BFGL-MNGS-23687 23 8,099,369  G/T T 0.30 | dom -0.23 0.09 | 0.0155 0.49
7 seq-BTA-61647-no-rs 26 A42.127,980 | G/T LI 0.13 add| -0.22 0.10 0.0227 0.44
8 seq-BTA-65463-no-rs 29 31,816,218 G/T G 0.10 add 0.35 0.10 O 0009 0.94
= 6.05
BFT (S XY =mH)
H= SHP BTA  Position(bp) SMP | Minor HI= =3} stimates Stderr P-wvalue %02;\:_302;_=_=1}.;,
8T
1 seq-ARS-BFGL-MGS-26771 1 69,528,623 | A/G A 036 add 1.07 c41 | 00088 2.00
2 seq-Hapmap27208-BTA-157501 3 76469248 | C/T e 0.46 add -0.45 0.19 | 00173 0.39
3 seq-ARS-BFGL-MNGS-£1558 3 123,148 964 | A/SC Ly 013 add| -0.77 0.29 | 0.0083 0.48
4 seq-Hapmap33068-BTA-160954 5 18,775,860 | ASG ) 022 add -0.55 023 | 00168 0.39
5 seq-BTB-013212166 & 65,708,017 | C/T T 0.05 add; -1.17 049 | 0.0169 G.329
& seq-BTB-00986847 . 1,126,787 | A/C A 0.11 | dom| -0.78 0.35 | 0.0267 0.34
7 seq-ARS-BFGL-MNGS-31807 10 63,139,835 | A/G Ly 0.28 | dom 0.54 0.27  0.0446 028
8 seq-BTA-100663-no-rs 10 68,586,181 | ASC ) 0.23 add 0.69 0.23 | 0.0027 0.62
9 seq-ARS-BFGL-MNGS-32379 10 82 876,725 | A/G A 043 add -0.38 019 00446 028
10 |seq-Hapmap25440-BTC-053771 14 10,464,995  ASG A 0.39 add 047 0.19 | 0.0162 040
11 seq-BTB-01640837 14 36,095,273 | G/T G 0.40 | dom 053 026 0.0441 028
12/ seq-Hapmap23111-BTC-012395 14 51,494 004 | ASC Ly 0.14 | dom 0.89 0.32 | 0.0059 0.52
13 seq-HapmapL6884-BTA-89312 26 12496998 | ASG iy 0.30  dom, -0.68 I C—.2?| 0.0109 C.44
. PeEp T A 6.79
AP
1 seq-Hapmap24136-BTA-124014 1 55,673,837 | G/T G 0.16 add 0.62 022 | 00044 0.66
2 seq-Hapmap39595-BTA-85742 2 39,098,749 | G/T G 0.07 add -0.86 0.32  0.0068 0.60
3 seq-ARS-BFGL-MNGS-2229 3 |[121,786.597 | C/T T 0.09 add -0.87 044 00481 0.63
4 seq-ARS-BFGL-MGS-104278 4 82322976 | ASG A 025 add 1.69 0.38 < 0001 320
5 seq-ARS-BFGL-MNGS-104278 4 82322976 | ASG A 0.25 | dom| -1.70 047 | 0.0003 215
6 seq-BTA-104512-no-rs 4 112,700,199 | ASG G 021 | dom 0.60 024 0.0106 0.53
7 seq-ARS-BFGL-MNGS-8401 o 76428730 | G/T F 0.29 add 0.61 0.20 | 0.0027 0.73
8 seq-ARS-BFGL-MNGS-8401 5 76428730 | G/T T 0.29  dom 0.59 026 | 00258 0.40
9 seq-ARS-BFGL-MNGS-43407 5 [110,911478 | ASG G 041 add 0.49 0.16 | 0.0027 073
10 seq-BTB-01312166 G 65,708,017 | C/T T 0.05 add -0.87 0.35  0.0129 0.50
11 |seq-ARS-BFGL-NGS5-65062 6 (121357123 | ASC = 047 | dom 1.07 0.34 | 00017 1.60
12 seq-ARS-BFGL-MGS-84417 . 45,559,923 | G/T T 0.17 | dom 0.91 0.28  0.0180 0.91
13 seq-HapmapL4798-BTA-104292 11 74,869,821  C/G G 0.35 add 0.35 0.17 | 00437 0.33
14 seq-Hapmap44798-BTA-104292 11 74,869,821  C/G G 0.35 | dom | -0.59 0.24 | 0.0135 0.50
15 seq-Hapmap25440-BTC-053771 14 10,464,996  ASG A 037 add 0.69 017 < 0001 1.29
16 seq-Hapmap25440-BTC-053771 14 10,464,996  ASG A 037 | dom| -071 024 | 0.0027 074
17 |seq-Hapmap23111-BTC-012395 14 51,494 004  ASC A 0.12 add 0.49 025 00498 0.31
18 seq-BTB-00635702 16 31,495,633 AJG G 0.35 add 0.38 0.16 | 0.0205 044
19 seq-Hapmap53674-rs29025319 20 8,676,696 | C/T T 011 add -1.68 049 00006 0.96
20 seq-Hapmap53674-rs29025319 20 8,676,696 C/T T 0.11 | dom| -1.27 0.55 | 00212 0.43
21 seq-BTA-18321-no-rs 20 66,423 918 ASG A 045 | dom| -0.45 022 | 00402 0.34
22 seq-BTB-009271581 26 18,624,183 AJG A 046 | dom 0.68 0.34  0.0453 0.65
23 seq-BTA-100341-no-rs 26 34,983,053  G/T T 041 add -0.46 0.16 | 0.0035 0.70
24 seq-ARS-BFGL-MNGS-39970 27 32,759,635 | C/T T 0.36 add -0.63 0.18  0.0004 1.03
25 |seq-ARS-BFGL-MNGS-39970 27 32,759,635 | C/T T 0.36 | dom| -0.48 024 00431 0.33
A 2071
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< 3-3-33>

A B = D E F G H I g K L Il

1] lzsss=sieen SXSEIHANNEBES SAS ZIHIOME IS

2 KPM BFT EMA CWT  Marb BFT EMA CWT Marb BFT EMIA CWT Marb
% KPM5L6 -0.13 | 021 5o 060 | -3.89 173 -5.01 0.23 -0.24 -1.26 | -20.23 1T
4 KPM574 -0.86 340 | -6.16 0.12 | -2.79 707 | -234 | -161 1.06 -4.44  -11.04 122
5 KPM582 -0.31 1.76 3.63 0.05 | -6.80 428 | 1268 | -0.62 -2.44 226 | -2023 027
6 KPM583 048 -l64 ¢.32 078 | -1.83 542 | 12099 | -144 -1.16 -0.01 | -15.20 1.38
7 KPM584 0.02 1.32 410 0.48 -2.24 5.04 1.86 -1.76 -0.98 126 | -26.62 101
8 KPM590 -0.25 2.01 205 0.15 -5.05 1.53 =585 o B 5 -0.93 -1.21 | -2023 1.20
S KPM591 223 | 2322 2.56 041 1.20 344 | 1631 =1 F3 0.86 -283  -11.04 047

a| KPMN523 -0.51 0.39 3.3 100 | -4.886 6.14 | -2.52 -1.11 -0.16 267 | -1743 134
11 KPM594 -1.45 2.00 782 0.35| -4.54 198 | 3055 | -204 .38 109 .68 142
12 KPM596 220 | -0.0 2.45 0.24 | -2.89 6.04 01ge | -1.53 -0.83 -3.08  -11.04 044
13 KPMBEO1 -0.23 | -334 | -2B81 0.36 -3.73 012 | -1507 -1.41 -2.24 292 | -1743 1.87
14 KPME04 -1.00 020 F 26 1.03 -2.90 432 ~3.73 g B L 127 040 | -1743 215
15 KPMNEDE 107 0.99 135 1.00| -240 271 -9.98 =¥ F3 2.32 126 | -11.04 1.63
156 KPMNEOS 0.53 | -1.15 094 0.16 -0.15 3.58 | -15.10 -1.46 1.41 -237 | -20.23 0.32
17 | KPMEL1D 0.10 .72 £.06 0.33| -6.86 3608 |-2369 | -116 0.34 181 -2023 113
18 | KPME13 127 058 | -6.62 0.12| -3.65 521 770 -0B4 164 40 -20.23 1.09
19 KPME16 -0.99 2.10 021 0.18 -5.81 -2.02Z | -Z22.48 -1.19 1.70 040 | -20.23 0.82
20 KPME18 73 1.05 2.86 020]| -394 4.43 2.46 -1.82 -0.95 -1.26  -11.04 128
21 KPMNE1S -1.23 iga | -331 0.34 -4 37 3.32 -2.21 -1.73 -1.76 020 | -11.04 1.26
2 KPME20 -0.10 | -1.46 | -1.56 048 119 -3.18 -9.69 ~-1.895 312 153 | -2023 045
23 KPMEZ1 0.39 .25 ¢.o1 0.10 | -3.43 431 685 -1L73 1.26 -1.26 | -2023 097
24 KPME22 0.0e 2.32 8.20 0.40 0.73 04 | 1826 | -074 1.33 2.68 140 (.12
25 | KPME24 -136 | -1.26 | -6.24 0.29| -5.74 272 | =202 | -185 0.74 .10 -11.04 148
26 | KPMB25 218  -004 3.09 0.76 -2.78 3.49 -0.41 -1.78 -0.15 -435  -15.20 0.46
27 KPME2E -2.03 5.40 8.29 120| -406 4.62 318 -1.38 ~1253 015 | -11.04 137
28 KPMNB23 -0.0 195 (1524 0.89 -4.04 4.08 112 -1.81 -0.75 -092 | -15.20 1.03
25 KPMEZ9 117 0.70 8.92 0.39| -3.18 346 | 1981 | -204 -1.62 152 -2.76 1.24
30 KPMEZL -0.32 215 | 411 049 | -7.08 3.68 | -13.27 | -111 034 -3.73 | -11.04 103
23 KPME33 0.03 .51 451 022 -2.56 183 277 | -168 1.06 -3.73 | -2023 143
32 KPME35 126 -034 4584 0.01 130 | -0.86 0.25 -1.34 -0.52 -147 | -15.20 0.32
33 | KPMNB3T 117 017 B.57 0.54 -1.52 2.60 910 -1.93 175 1.65 -6.05 1.03
34 | KPMEL6 092  -0.02 440 1.05 -3.24 303 | 1691 -2.29 0.00 -1.58 | -15.20 0.42
35 KPMNETS -0.38  -1.40 | -3.67 0.15 -7.36 174 | 1520 =173 -0.16 -2.82 -2.76 1.18
36 KPMEST -1.01 419 3.04 0.45| -5.00 542 | 716 | -178 125 -1.26 -20.23 027
27 KPMES0 062 -073| 011 0.47 | -4.66 0.54 651 | -146 -1.45 -2.58 -24.39 185
38 KPME94 097 1.76 801 1.06 -3.894 272 ~3:53 -1.68 0.55 -1.21 | -2023 1.59
39 KPMEI6 0.07 1.33 476 0.58 -£.55 3.86 | 1012 -2.04 =120 024 | -1520 0.28
40 KPMEa7 055 | -1.13 1.09 0.06 -3.74 18 | 2311 -2.01 -0.85 1.78 1.40 1.08
41 | KPME28 0.01 102 | -254 0.48 =579 807 | 1754 -1.85 -1.15 284 1.40 0.96
az | KPMTO0 -1.10 370 | -5.56 0.31| -5.23 6.45 246 | -2.23 -1.63 -1.72 | -2023 .39
£3 KPM7O5 -0.25 376 -0B4 029 )| -2.99 301 | -858 | -162 -1.40 -2.37 | -2023 .58

O deFF7h 24MdH &3 & 307 B &3 EAFF7TN FaAlFE vhet 2ol ALt
o] 7
<it 3-3-34>
e e o | e
BEFT EMvS CuST harb
BTCE - e 2AFR D S A5 =T} 0.32 0. 34 0.36 0.24
E‘_“_%—E FO0FRE S 22X =EEIT o.1s LI ] o.29 o258
24FHETH 0TS & == 0.0 047 .67 047

140 -



o}

1}
P

7l
£

0.059 4] 0.36°.= W]l

e

—Sﬂ%_247H OJa —6;

=

7F Zrell YERst 5

ad%

1)l
AN -

=7 e

F-3071¥ " MBV Jdut ¢

gl d
of =&t A=A

2471 €MBV

o=z Hal.

A=)
-

g5 o1x]7] o

bol

o] ZA3F

al

X

0

o

X

\ao

7hgkol 247
- 247 €= MBV - 3074 =EMBV

247) 2% 3441 7] 9

R R

o)

A wA 9 P s o] Has o] SNPuEA

3FA] 7] €
A

=
(¢}

A=

i3

7]

=
e

il

3071

Fol 2 o, 25 ojx SNPuhA

G

O & Ao &

B

lumina 50k SNP chip&

EELRS

9652

&

sfof

of i

bol obefsh

G

=1
=

Fol W] o]zl 557] SNP

0§

o}
!

ke BA

= =
— 7

2] SNP Fd =gl )

Z

= 4

bl e

=43

KeN
=

442 7HMBV) %

bol, el

=3
-_]O

R

[e] [e] [e]
SHSE &

ol A Hofihs dolA o)

3}

—L
o

- o] MBV gkl

Ruus/Rp = (1/h)[g+hai(1-g)]"

E =

H] & o] ™

-
1.

AbEo 4] SNPZ A w5

Wt = K (1-q)/(1-gh’)

O e A

oln
o~

- 141 -



A
<3kt

3-3-35>

SRR SRS ST N N G g I g g g g y g i
ol~ow B wn RO o~ w kW=

29

oo v swn e

o B = D E F G H 1 J
==FE 2AEFIHEAHEEESh 2EAEFIHEOHEEESH
o e e BFT EMA CWT Marb BFT EMA CWT Marb
1m393 791 -3.80 4.84 -28.68 -1.74 1.44 -4.15 -15.20 -0.22
Im264 661 -3.95 412 -18.74 -2.01 -1.87 -1.58 -15.20 0.08
1M302 706 -3.48 474 -19.15 -2.01 0.00 -1.63 -24.39 0.90
1na43 796 -4.28 1.58 -11.77 -1.71 -1.25 -5.46 -21.63 0.46
1A539 673 -0.67 4.18 -4.11 -2.01 -1.60 0.29 -21.59 0.74
1M389 714 -5.00 412 -17.19 -1.66 0.73 -4.15 -24.39 0.09
18494 703 -7.95 416 -13.79 -1.44 -0.33 -410 -15.20 0.57
1MA35 754 -3.46 448 -22.02 -1.96 -0.53 -4.40 -24.39 1.03
JA519 674 -3.62 415 12.15 -1.78 1.07 -2.82 -2.76 0.17
IM535 802 -4.78 6.76 -10.90 -2.01 -0.39 -5.51 -15.20 0.64
im398 815 -4.52 6.60 -11.23 -1.66 114 -1.33 -24.39 0.16
M543 800 -5.31 412 1771 -1.31 -0.94 -3.29 -15.20 1.22
M523 747 -3.95 6.03 -18.56 -1.78 -0.27 -1.58 -24.39 0.42
1AA03 818 -0.59 4.01 -13.45 -1.74 -0.63 -4.40 -15.20 -0.12
IM268 825 -5.66 4.59 -2.18 -2.23 -1.52 -1.88 -24.39 0.47
IA526 748 -4.09 3.49 -22.02 -1.51 -2.83 -1.83 -15.20 .10
1A506 879 -3.02 5.15 -10.05 -2.01 0.38 -1.33 -15.20 -0.20
IM379 711 -5.07 443 -7.49 -2.01 -1.34 -0.47 -21.59 0.39
IM265 644 -6.08 442 -13.97 -2.01 0.83 -5.76 -15.20 0.64
1M262 664 -4.75 6.03 -6.10 -1.44 -2.38 -1.88 -15.20 0.36
1m397 780 -4.32 2.99 -21.83 -1.74 1.65 -4.10 -15.20 0.21
Jm399 699 -5.49 7.44 -19.46 -1.74 -0.69 -4.35 -15.20 0.55
ias501 859 -0.74 443 0.20 -1.59 0.71 -1.63 -24.39 -0.63
Im384 664 -3.97 5.15 -21.68 -1.93 2.38 -2.99 -6.05 0.31
1ma33 791 -3.30 245 -17.56 -2.23 0.83 -2.69 -15.20 -0.37
IM387 700 -2.37 4.01 -16.88 -2.01 0.22 -2.99 -30.78 1.04
1A518 720 -4.00 1.69 -17.71 -1.09 -1.95 -0.22 -21.59 0.36
14396 742 -3.93 4.85 -14.51 -2.01 -0.38 -4.40 -15.20 0.94
14408 706 -3.67 412 -6.97 -2.01 -0.69 -6.87 -15.20 0.41
iman2 817 -2.63 6.60 -19.95 -1.51 1.12 -1.33 -15.20 -0.21
1Ma23 607 -2.51 4.01 -17.40 -2.01 0.09 -3.04 -15.20 0.38
1ma12 747 -4.09 4.01 -29.26 -2.01 0.03 -5.46 -30.78 0.25
3-3-36>
A APEIEE
= h* q b i MASES 2=
BFT 040 0.518 0.24 2.0
CWT  0.33 0.338 0.23 2.2
EMA 041 0178 0.36 is
Marb  0.50 0.122 0.7 1.2
e TIE
= = h= q h? oo MASS 2
BFT| 040 0170 0.36 1.5
CWT 033 0.106 0.31 1.7
EniA 041 0.095 0.39 1.4
Marbk  0.50 0.122 0.47 1.2
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A 4 & 7= SNP genotyping

o

sk 32l 7 SNP contents Y=
LA g 2wy
7}. Picogreen (DNA specific fluoroscence dye)2 ©]-g3F A3 DNA ¥ &% =4
O DNA genome-wide Chip A3 A] A& My ofF.5 AAS}= FL 2202 AHE DNAY
s 5 4 oglon, JubAd o DNAS % =Ao] A& pectrophotometer®] OD 3t
2 260 nmol 9] A< DNA 558 Tabz AR B ad 34T,
O 7} A& % 750 ng (15 ul)?] DNA”} & 23} Picogreend o]-&3le] A T & 7|Eo
2 g <18 3-4-1>.

"= VICTOR?

<71¥l 3-4-1>. Chip 238 DNA &

L}, ISAG markerE &85

o)

=

O PicoGreen
< 9]

T3 A#3slEl DNAS] PCR &
&3Fo] A 7)d

= &4 Al2¥l (Fluorometer)

ABI 9700-&

g ag.o

§ 5 ¥ gonowyper ol §3e] 2t S §AYEL AN
O 2000 11¥ 24% SAV|edd4ast Feo= FAFERASIH(SAG)YT FHe
microsatellite DNA typing = AR LA & of 27}5

~ 144 -
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=] : =] S =] o]
5| typingd} o A5k 5
E=1 aN |
20004 11€ 242
MAAOEL [rolosk ETHEZE [relond TOLA2S (el ETHI 0 [Gove) ] TeAARET [Croed EREHE (Bmed ETH1 [Bd B R [Bleed
1€ 8 411 € s al1 2 8 &1 T T P T %0 O D W W) b N R R P 5 O T T
w08 219 194 180 e 118 EESEE] 195 161 ol m ED G 180 182
@ 258 LEARTT] 182 188
£ 1T 186 {LERRT1)
298 11 126 178 120
248 TERRT 1T 1r0
WO OHA Mo DA,
190
180
o oan 121 1ge 17E 188
" 268 M7 186 178 182
L E LIERRT 1 10
= E NI e 188 188
& 29 E i
@ a5 185 1e7 LECRRT )
@ a9 11 LR
ss 298 17 ing
™ aan "1 o11e 1me 160
260 280 18 186 8 190
® 298 108 186 178 182
@ 248 280 "7 180 182
@ 298 262 108 117 (LT
o 298 o4 17 126 (LT
108 262 264 nr aer "0
@ sa8 ok e 1ne
® 248 28 17 L L]
298 e 187 180 188
@ - "i 17 1m0
29 18 156 Hot Detectes
101 EL 121 g8 180 188
sa8 280 IEART] 178 1R
3 298 NI 11e ILERRTT)
“ 248 104 117 178 1m0
- 181 12 o
@ 28 ge0 LR "o
@ 2e 1T 19 18e 188

* Polymer : POP4
* AHED|2| : ABI 3100 Genetics Analyzer

ﬂenat@ Keyn to genome

<219 3-4-2>. ISAG international DNA typing comparison test.

O 9719 ISAG merker AH = T 13

Fis

o
I

- 145 -




<3f 3-4-1>. International Panel of Microsatellites for Cattle Parentage Testing (ISAG Panel)

Locus Primer  Sequence (5'—3")

Forward GAGCAAGGTGTTTTTCCAATC
BM1824

Reverse CATTCTCCAACTGCTTCCTTG

Forward GCTGCCTTCTACCAAATACCC
BM2113

Reverse CTTCCTGAGAGAAGCAACACC

Forward GAGTAGAGCTACAAGATAAACTTC
INRAO23

Reverse TAACTACAGGGTGTTAGATGAACTC
pS11s Forward AAAGTGACACAACAGCTTCTCCAG

Reverse AACGAGTGTCCTAGTTTGGCTGTG

Forward CCCTCCTCCAGGTAAATCAGC
TGLA122

Reverse AATCACATGGCAAATAAGTACATAC

Forward CTAATTTAGAATGAGAGAGGCTTCT
TGLA126

Reverse TTGGTCTCTATTCTCTGAATATTCC

Forward CGAATTCCAAATCTGTTAATTTGCT
TGLA227

Reverse ACAGACAGAAACTCAATGAAAGCA
- Forward GTTCAGGACTGGCCCTGCTAACA

Reverse CCTCCAGCCCACTTTCTCTTCTC
BTHI95 Forward GATCACCTTGCCACTATTTCCT

Reverse ACATGACAGCCAGCTGCTACT

. S 2+5% A candidate SNP2] association analysis

O TagMan 2 SBE 7|Me 717} typing & SNPe] 3t o] upe} 243/ Ael.o 4302y o

Z1Zkell iR AlEOA thS SNPE E&4CSE genotyping & 7 5. -+ TagMan

probe system-S ©]-83}H, TagMan assay &-80] & A3}% &3 SNPEL X<F4 o= SBE 7|

& 9% extension primerE AA| A O 2 designh O =M Ao wE HHo) VY e

e <@ 3-4-3>.
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Systemic scheme for SNP Genotyping

SNPs for genotyping

TaqgMan SBE
’ TaqMan assay design ‘ ‘ ’ SBE assay design

If accepted l If accepted l

Primer design for SBE

PCR amplification & purification
¥ SBE reaction & purification
=== Electrophoresis by 3700 & 3100Analyzer
===} Amalyze data with Gemescan & Gene Mapner

<2 3-4-3> TagMan 2 SBE assay.

O 384 well microplateE ©]-83t High-throughput genotyping system ©]-8© 2 UjzF2] genotypeE

0

2431, A9 2F3E & ABI 3100/3730 analyzer, 7900HT system, GeneAmp PCR

=4

O

System 9700, Hydra robot 5 2] automation #W]E o] 83 ZA3i}= Gene-mapper, GeneScan,

Genotyper &5 U}%3t SoftwareE o] £3fo] #2430 24 31 E &% SNP screenings 33 3.

O SNP Genotyping by TagMan assay

- A A% polymorphic site2] genotyping-- ¢34 TagMan assayZ ©| &3}, TagMan probe
o] &L FAM dyeE U}& 3% VIC dye labelling &}¢] A-g3t.
- PCR-2- TagMan universal Master mixe]] 900 nM2] PCR primer2} 200 nM2] TagMan probe

£ &33te] 20nge] genomic DNA®} $H7 total volumeo] Sul”} % %% %43 & PCR vk

rE
ol

R ¥+&& 50Co]A] 2087 pre-reactionS A] 7l
o] A 95C 1529} 60C 179 w25 40 cycle

AHE2- ABI Prizm 7900HTe] A @3 UEE SAsI 235 A3 (L7 4).

LA
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—ﬁullﬂe % % Lagend
mlaﬂﬁ@ i ull Il @' ""1_'_ |

Fatch Kismahch @_ FAM ‘
Al:ma -%‘“ '
.|.|,_|_|.|_|.|,| E T @ |: 9 : ApiiTen
—"J |. ok IO

Haiulida Payranss: |

Malch Mismaich FHIRE |
i sulsslanlial iscreake |ﬂ Ingdcantes...
' WE™ lmw'ﬁé.é ry T .
' FAW™ franvescescs oofy homceygusity far ek 2 |
H LRIt e ] hetereayges Sy

<1 3-4-4>. TaqMan Assay® 9,

O AFA s #1% SNP genotypinge] ¢ms™ (F)oll = Avlg 2elA] 223 <28 vk
b B4 7N o] gdle] SNPe} #ww UvlF3l genetic analysis (allele frequency, HWE,

haplotype construction & frequency, Linkage Disequilibrium co-efficiency(/D'|, X* P value, ., d’)

& ST

O 43t logistic analysis ¢ U433 74 7|95 semi-automated schemeS #]-8-3}o] SNP ¢
Z7F 2polE BAT = A|E9 genotype data®} $-F¢# A HE mergingdlo] libraryE T
ekl ¢EF Aol wA4E A VA 24 codeE AFEHEte] SAS AJxElE T &
R

2. Bovine 50K Chip-& ©]-&3F SNP genotyping

O k9o FHA 48 93] Ilumina, Inc.ol A 7EE 5%E7]2] cattle SNP contentsE -3}

. %)%= Bovine 50K chips o] &390 & < 3-4-5>.
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BovineSNP50 Genotyping BeadChip
» Over 54,000 SNP probes
> ] 3
12 samples in a chip
. . .
» Contents sources » Chip contents validation
POLYMORPHIC MEAN MEDIAN
SOURCE NUMBER OF PROBES BREED SAMPLES Locr* MAF MAF!
Movel SNPs derived from saquencing comman e o Lo 145 L5 i
cattle breeds using IBumina’s Genome Analryer b Besfmastor 24 42,925 0.22 o
Bowine HapMap Data St 12,298 :T: Lot 24 239m 011 002
Btau 9.361 St [nckoas 2 25,814 o 002
Nelore i 3
Whole-Genome Shotgun Reads! 5,808 Brahman oy 30,284 0.13 0.08
Holstein BAC Sequence Data 1,409 Brown Swiss 24 28,347 0.19 017
Othact 1,288 Charolais 26 42,589 022 o1
T Guernsey 3] 38,632 .19 047
11T Horeford 32 42992 0.20 023
[T
TN » Average 51.5kb of probe space | ... 7 e i =
BovineSHP50 BeadChip Frobe Spacing [Chromasoms 1-29, %0 Jarsay % 35976 0.18 014
o Limousin a5 42821 0.22 0.22
Moan=51.5kb Modiane37 3kb
[E] N'Dama 3 29.049 0.4 0.08
Norwaegian
2 s 21 a2782 0.22 021
3 Piedmontese 24 42,185 0.22 o021
& 02 —
T Rad Angus 15 40,188 0.21 0.20
E e Romagnola 24 38,830 0.20 019
K ur— — — —  EEEEEEEE—— Santa
e dis 24 42,064 0.22 o
o F ] | = | =T Sheko 20 35,726 017 012
18 11,206 0.05 0.00
0 0=-20 20-3 -0 A0 =100 100-130 0
Gap S () Cverall 565 47,545 025 0.24

<Z1¥ 3-4-5>. Genome—wide SNP BeadChip for Bovine.

O Bovine 50K chip= = 54,0017§2] SNP=Z FAEo] dow, 20997 breedo| s <ld
polymorphic locie] ™, Illumina A}A 4 0.2 £21% SNP7} 23,8407}, Bovine HapMap DB 4|
12,2987Y, Btauoll A4 9,3617, Whole-genome shotgun readsE =3 5,8087}, Holstein BAC
sequence dataoll 4] 1,4097] Z1¥]3. 7|} AHE E3 1,285712] SNPE 4% 3}o] chip contents

2 83

vl Chip SNP genotyping assay

- 1@7 : Picogreen® = A =F¥l 750 nge] DNA A|E = genome wide amplification W S
2 3.

- 294 - =ZF A B chemical methodZ 2191 %2 %7FS- W o] 2-propanol AWM O =
purification& 83 ChipS DNA A2 E 7] Ao ¢Zgooz Axesn, Axgd

Chipell DNA A &2 7}3t.
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- 39A

hybridization, target removal, washingd} ] Illumina BeadStation 5002 % scanning-S-

°f 16 A|%F

o

RIS

= incubation A| 3§

T

5

staining, allele specific primer extension,

AR

Genomic DNA
(750 ng)

¥

3) Fragment Amplified ]

Product L
Hands-on: 5m (15m) |
Total Time: 1h

N

1) Setup DNA
Amplification
Hands-on: 5m (25m)
Total Time: 50m

2) Incubate Amplified
DNA
Hands-on: 5m (5m)
Total Time: 16 h (o/n)

1 ¢
¥

"
r4J Precipitate Amplified
Product
Hands-on: 5m (25m)
Total Time: 1h 40m

&
¥

. ™)
5) Resuspend Amplified
Product
Hands-on: Sm (10m)
Total Time: 30m

T
@

’
6) Prepare BeadChip

Hands-on: 40m
Total Time: 40m

=

7) Hybridize BeadChip
Hands-on: 30m {35m)
Total Time: 30m + 16h {o/n)
A, y

-

8) Stain BeadChip
Hands-on: 5m (2h 30m)
Total Time: 3h

9) Image BeadChip
Hands-on: 5m
Total Time: 1h 30m/chip

@ = Optional Stopping Point

Time listed is for aulomated processing
Manual processing times in parentheses

<ILE 3-4-6> A7 A

O  Genotype

auto-clustering system

clustering =

o)

=

1
&

oA
[lluminaA}ol| 4] HkE-2]

L3lo] ot A E 2] genotype

&)

(1

002

o)

=

el os =

Normalized R

Geneype ealls

for 122241571

7

Genolype calls for s 737367

2@

240

zm

zm

180

180

1.40

Nomalized R

LD
| K3
| EE

20

4

0.3

24

TaE

TEG TH T

Norm slized Theta

[¥]

LEL]

Morm alized Theta

L] ]

<21 3-4-7>. Automated Genotype Clustering.
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O

v},

O

A5 0.2 calling®l SNP Au &= vhFst SAEA HA A& 7he3hH, clustere] A 7}
FlH W F5 FAHo| 7l 3k Reporting toolo| A e oz gst= A8E A& F Yo

™, Microsoft Excel sheet®] ¥ e} result outputo] 7}53Fo 24 Haplotype 2 LD =4 -8

LTS

gk data minings V-3 &ol&tA A = Sl ReportHi= AFEi= genotype Hwholy

ol

allele frequency, heterozygosity, HWE, clustering score & EA+4 A Faxa=z &8 7}

3 <718 3-4-8>,

IE] M BTE) RN S0 M0y BRI O0IEKD W EEEH)
P05 H A = - 3] ) i B Times New Roman =9 =] 9 ¢ 31 = 54w %
it Bl M 2 W/ B | [ 2 :
Al bt # Locus Report on Dol nfiniuraExon-Centric_100K_(v_1.0.2)_LocusBEyDHA csv
A | B | ¢ | D [ E | F | 6 | H | I | T | ¥ | L | M | N | @ | P |T
| 1 |Locus Report on D ilhueinatndindwre Exon-Centric 100K (v 1.0.2) LocusByDHA cav 5
| 2 | #LOCI = 1#DMAs = Project = 0 ProjectMan Gencall Version = 6204
| 3 |Liraits (0lin_Max) 091 006 003 041 0351 031 0505 0021
| 4 |Row Locus_Mar Imicode #Mo Calls #Calks Call Freg Alk Freq AR Freq B/E Freq Minor Fre Gentrain 350% GO {10% GC {Het Exces: ChiTest P ChiTest F:
| 5 | 111000021 1 1] 8 1 0s 025 025 0375 08389 0353 0852 04687 0 0189
| 6 | 2 rs1000160 2 1] g 1 0373 023 0373 05 07674 07433 05605 0.5 0 01573
| 7 | 3 121000198 3 1] g 1 0375 023 0375 05 07881 0978% 03268 05 0 01573
| 8 | 411000218 4 1] 8 1 0.125 0375 0 04375 04221 02825 01828 07778 0 00278
| 9 | 5 1s1000251 5 1] g 1 0.23 0373 0373 04375 08463 03661 0365 02381 00173 05007
BUY f 121000205 i 1] g 1 05 023 025 0375 09442 07038 07025 04667 0 01869
| 11 | 7 51000361 7 1] 8 1 0 0.7s 025 0375 0.8311 0.8451 0.2844 0a 1] 00297
| 12| 2 121000507 b 1] g 1 0 0.123 0373 00625 07138 06076 02861 00636 05117 02528
| 13 | 9 r=1000601 9 1] e 1 025 0425 0125 04375 0792 09261 07249 02608 0007 04453
| 14 | 10151000638 i} 1] 8 1 0.23 05 025 05 03941 04116 007 1] 1 1
| 15 | 11 'rs1000709 11 1] g 1 05 023 023 0373 08942 00104 0D1EE 04667 0 01869
| 16 | 12 r=1000756 12 1] e 1 ] 0375 0425 01875 08737 02084 02974 02302 0021 0.514
| 17 | 13151000788 13 1] 8 1 0375 05 0125 0375 08421 086 04331 00667 0505 08504
|12 | 14 121000795 14 1] g 1 0.73 0.123 0125 01875 08702 089044 09034 05297 0 00953
| 19| 15 rs10002895 15 1] e 1 025 025 05 0375 09833 07718 05048 044687 0 01869
|20 | 16 151000939 16 1] 8 1 0s 05 0 025 07198 06573 04121 03333 00009 03458
| 21 | 17 11001015 17 1] g 1 ] 0373 06235 01875 08265 0238 08375 02308 0.021 0.514
| 22 | 18 rs1001045 12 1] 8 1 0.125 0425 025 04375 04966 0414 05303 02608 0007 04453
| 23 | 19 11001085 12 1] 8 1 0s 0.5 0 025 08113 0816 07906 03333 00009 03458
|24 | 2011001583 20 1] g 1 023 0.73 0 0375 08500 08713 02703 04 0 00897
25 21 151001704 21 ] 8 1 0 0375 0425 01875 07659 (07433 07411 02308 0.021 0.514) %
M 4 » WP Exon-Centric 100K_(v_1.0.2) | oc/ |< 5]
=HI UM

<29 3-4-8>. Automated Genotype Report (Excel—format)

g2 B AuE SNPe| Yl 4857049 Genotyping

Hr

[llumina Veracode technologyt= A 3t%7} a1 E4v) o] A&HAdty, &% SNP vAE 1f
2]
=

o AROlA A HA ) WA <1y 3495
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Each lllumina VeraCode bead contains a code that allows
identification of the bead type. This information is combined
with the assay readout for downstream analysis. Eoud

The Hlumina BsadXprezz readsr employz a dual-celor lazer
detection system to ldentify and analyze each VeraCode

<Z1¥ 3-4-9>. VeraCode technology

O BeadXpress readeri= Veracode bead®] code % fluoresence signalS- scanningd}o] A& W

genotypes: AASE Z}7}e] Veracode beadoll &= code”} 7]& % ¢ Qo] scanning ¥~ code®} 4]

T IDE W3l AFoz ARYE A9gE AT

O Veracode technologyE ©]-&3l golden gate assayi= 967l A 3847]7}% SNP multiplexing©]
7Veste] B Aty Ae] 967] SNP  genotypingoll 433} average call rate 99% ©|%,

reproducibility 99.9% o]Ato 2 AHEd HAHE X genotype?] FH 7} Vled A<,

O AEE 96 @& DNA plateE A 2}3}3r streptavidin} bioting 2 o] DNAE 4312 7|21
2413}5l DNAo| allele specific oligo, locus specific oligo, universal PCR primer (oligo pool)ES

Y o] hybridizationg}.
O 7} SNPo] Eo]& o2 binding® oligo9} primer:= extension, ligation 48 A3 PCR ¥H$

S 3}a Z} DNA, SNP ®H=2 Eo|dow AAH 334 probeE Veracodeo| Eo]3l BeadXpress

2 o)g3le] 7 AJEHE gFo|n x| (scanning image)S & .
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Study flow
( —L
s == ;’@ TagMan Assay
e ==
:g:ctiun b .
TagM
Strongest N G s
associated SNP Emmmne
contents W// GoldenGate Assay
= ~ _..é . ’
Veracode Seanmng
Statistical Genotype
‘analysis exporting
Final data reporting Genotype data ABI SDS2.1 / Beadstudio 3.0
. S

<71 3-4-10>. VeraCode technologyZ &-83F Study flow

O Golden gate assay+= =7 allele specific primer extension, ligation, amplification T+# = U}
= 7z} SNPEH=Z A 29 3719 primer (allele specific primer 1 & 2, locus specific primer)Z
allele specific primer extension ¥Fgo] o]F o, Allele Eo]% 2% bindingdl primeri=
polymeraseo]| 2]3l extension® 3L locus specific primer®} ligation® o] SNPe] 43 o] wtg} F+

741 e] DNAZ}Eo] AAE <18 3-4-11>.
O Allele specific DNA fragmenti= PCR ¥F-$- 0 % amplification® ™ ©| w] 3% probeE o]&3}
o] SNP9] HHFo uwe} A= e FFS 74 ¥ BeadXpress scannerE o] 83} o]

scanning=| ™ 7} SNP ¥ genotype-s 2AIL F 5.

O A/G SNPE o2 595 v AgL Cy37l, G3L Cy57} labeling®] @] scanning 7 ¥} ol A]

AA, AG, GG 9ol A2 g3e] &7 % 39 ol ofsf 225 ™ genotypeo] 24 H.

O Genotyping assay”’} ¢+E %™ Z} SNP2| cluster imageE 7 ¥E3}] genotype clusteringo] * &

8 FsAEA gsta £4.
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GoldenGate assay.

Polymearase Ligase
ASPE and o DA
Hgatlon = = -—--—----- rFr——-——-x--- — Al
HNumiCode Address
Universal PCHR A - xl:" S '2 ,r o
sequencs 1 = E P 5
Universal PCR = Drenature PCHU;éEELJr:r?-:LE 3
sequence 2
Aamplitiable
template A ~JMlumniCode -
o Coyr3 i | N
w3 universa
primer 1 '-—J =
. Universal
CwS universal ] primer P2
primer 2 —

J 2B NMurmniCode for
PCR with universal array
cCommon A readout k>
Pprimers e e

[ -1;5.

Humina’s proprietary assay tor targeted nudcleic acid analysis: the Golden Gate
assay uses an allele-specific extension reaction and universal PCR technology to
multiplex up to 15326 SKP loci.
ASPE: Allele-specific primer extension; gDMA Genomic DMA; PCR: Polymerase
chaim reaction; SHNP: Single nuclectide polymorphism.

<718 3-4-11>. GoldGate assay

O Genotype clusteringo] <F& %™ GenomeStudio softwareE ©]-&3lo] SNP Hl%, HWE,

)=
4

(ld
it

chromosome, position 5 9] 7|2 A 1l

O 7} SNP9] genotype A M= GenomeStudio®] A& 3}¥ exporting A ~®]-S- o] &3lo] F

Fole olde) EoBAe B8
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2. A Aag

7}. ISAG markerE 283 xzhd o 3 F <)

O ISAG 97] markerE #-&3lo] AG3H¢, ALt Fe2E AgelA Fud Sy ¥
)

¥ 1807 Fol AR B AFHAS A

<3# 3-4-2>. Z=r 9] 3+ ISAG marker genotyping Z 3}

BM2113 BM1824 SPS115 TGLA227 TGLAI122 ETH10 ETH225 INRA023 TGLA126
J_ID SNP_ID
Peak1|Peak2|Peakl|Peak2|Peakl|Peak2|Peakl|Peak2| Peakl | Peak2 [ Peakl | Peak2 | Peakl | Peak2 [ Peakl | Peak2 | Peakl | Peak2
KPN110 KPN110 134 | 134 | 180 | 182 | 245 | 247 | 85 93 140 178 | 216 | 218 141 141 208 | 210 120 126
KPN184 KPN184 136 | 138 | 180 | 188 | 249 | 257 | 95 95 142 142 | 216 | 224 143 147 | 208 | 216 118 118
KPN209 KPN209 134 | 138 | 180 | 188 | 251 | 257 | 93 95 144 150 | 218 | 220 145 145 | 204 | 216 124 126
KPN219 KPN219 138 | 138 | 182 | 188 | 249 | 253 | 93 | 107 | 142 144 | 216 | 224 143 147 | 202 | 210 118 124
KPN243 KPN243 134 | 138 | 180 | 182 | 251 | 251 85 95 134 144 | 216 | 224 141 141 208 | 208 124 126
KPN248 KPN248 134 | 134 | 180 | 182 | 245 | 247 | 81 91 150 150 | 218 | 218 141 145 | 208 | 214 122 124
KPN261 KPN261 138 | 138 | 180 | 182 | 245 | 245 | 79 83 134 160 | 216 | 220 141 147 | 208 | 210 118 118
KPN263 KPN263 138 | 138 | 180 | 188 | 247 | 251 85 99 140 144 | 216 | 216 145 155 | 208 | 210 118 118
KPN279 KPN279 134 | 136 | 180 | 188 | 253 | 2563 | 95 99 134 150 | 218 | 218 141 145 | 208 | 208 118 124
KPN289 KPN289 138 | 138 | 180 | 180 | 253 | 257 | 85 95 140 140 | 218 | 220 141 141 216 | 216 120 126
KPN291 KPN291 138 | 138 | 178 | 180 | 245 | 245 | 93 97 152 160 | 218 | 224 141 143 | 208 | 216 120 126
KPN305 KPN305 136 | 136 | 188 | 188 | 251 | 257 | 79 93 140 144 | 218 | 220 145 147 | 204 | 208 118 124
KPN330 KPN330 138 | 138 | 180 | 184 | 245 | 253 | 83 85 142 150 | 218 | 220 141 143 | 208 | 210 118 128
KPN333 KPN333 134 | 138 | 180 | 180 | 245 | 249 | 95 99 140 150 | 220 | 220 141 143 | 208 | 214 118 126
KPN334 KPN334 138 | 138 | 184 | 188 | 245 | 249 | 83 99 144 144 | 218 | 220 141 141 210 | 214 118 120
KPN336 KPN336 138 | 138 | 184 | 184 | 245 | 253 | 83 83 150 150 | 218 | 224 141 143 | 208 | 216 118 126
KPN337 KPN337 132 | 138 | 180 | 184 | 245 | 245 | 83 99 140 144 | 218 | 218 141 143 | 208 | 210 118 118
KPN338 KPN338 132 | 138 | 182 | 184 | 245 | 251 83 85 144 180 | 216 | 218 141 141 208 | 210 118 126
KPN343 KPN343 138 | 138 | 180 | 182 | 249 | 253 | 91 99 152 160 | 222 | 222 141 147 | 202 | 208 118 126
KPN348 KPN348 134 | 138 | 182 | 188 | 245 | 249 | 93 95 134 150 | 212 | 218 141 145 | 208 | 214 118 126
KPN354 KPN354 134 | 138 | 180 | 182 | 245 | 251 83 95 142 144 | 218 | 222 141 145 | 210 | 216 118 118
KPN364 KPN364 134 | 136 | 180 | 182 | 247 | 251 85 85 142 174 | 216 | 224 141 147 | 208 | 216 118 126
KPN369 KPN369 138 | 138 | 180 | 190 | 249 | 253 | 95 95 144 180 | 210 | 218 141 145 | 210 | 216 118 118
KPN374 KPN374 134 | 138 | 178 | 180 | 245 | 251 83 85 134 144 | 218 | 224 145 147 | 208 | 210 118 124
KPN387 KPN387 134 | 134 | 180 | 188 | 245 | 257 | 85 99 142 150 | 216 | 218 143 147 | 200 | 210 118 118
KPN388 KPN388 138 | 138 | 180 | 188 | 245 | 245 | 81 99 140 150 | 220 | 222 143 143 | 200 | 208 118 126
KPN407 KPN407 138 | 138 | 178 | 180 | 251 | 253 | 83 99 134 142 | 216 | 216 141 143 | 208 | 216 118 118
KPN450 KPN450 136 | 138 | 182 | 186 | 245 | 251 85 87 134 144 | 216 | 224 141 141 208 | 208 118 126
KPN452 KPN452 134 | 138 | 182 | 182 | 249 | 253 | 95 | 107 | 142 150 | 216 | 216 143 145 | 202 | 208 118 120
KPN458 KPN458 138 | 138 | 180 | 188 | 245 | 253 | 83 93 150 174 | 218 | 218 143 147 | 200 | 216 126 126
KPN460 KPN460 136 | 136 | 178 | 188 | 251 | 263 | 79 93 134 144 | 218 | 224 145 147 | 204 | 210 124 126
KPN478 KPN478 136 | 136 | 180 | 182 | 245 | 257 | 83 95 142 150 | 216 | 224 145 147 | 208 | 208 118 118
KPN480 KPN480 138 | 138 | 180 | 182 | 245 | 249 | 83 | 107 | 144 150 | 216 | 224 143 147 | 202 | 208 118 120
KPN485 KPN485 132 | 132 | 182 | 188 | 245 | 253 | 83 85 142 142 | 218 | 218 145 147 | 204 | 216 118 124
KPN487 KPN487 136 | 136 | 180 | 182 | 245 | 251 99 99 142 150 | 208 | 220 141 145 | 200 | 208 118 118
KPN496 KPN496 138 | 138 | 182 | 188 | 245 | 2563 | 93 95 134 142 | 218 | 224 143 145 | 202 | 210 118 124
KPN521 KPN521 136 | 138 | 184 | 188 | 245 | 249 | 83 95 134 142 | 216 | 224 143 143 | 208 | 208 118 118
KPN538 KPN538 134 | 138 | 178 | 180 | 245 | 245 | 95 99 140 152 | 218 | 220 141 141 212 | 216 118 118
KPN110 KPN110 134 | 134 | 180 | 182 | 245 | 247 | 85 93 140 178 | 216 | 218 141 141 208 | 210 120 126
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AFE FIF Eod A= BMC Geneticsol| 7NA EF 1S (Cheong et al. A single
nucleotide polymorphism in CAPNI1 associated with marbling score in Korean cattle. 2008. BMC
Genetics. 9:33-39).

<3 3-4-4>. Genotype and allele frequencies of 39 polymorphism in CAPN1

SNP Position  AA change  Genotypes and number of animal ~ Minor allele frequency  Heterozygosity HWE™
c579G=A* Exon5 KI193K G(I187) AG(I77) A(53) 0.339 0.448 0276
c6304>G* Exoné T210T A(174)  AG(180) G (67) 0373 0.468 0078
cb57C>T Exoné G219G C(13) CT (5) T(5) 0.326 0.44 0015

c760-24T>C* Introné i T200) CT(lsel) C (43) 0.298 0419 0.148
c843+96T=C Intran? . T(10) CT (12) C(2) 0.333 0.444 0.54
c.843+161T=A Intron? " T(10) AT (12) A(2) 0333 0.444 0.54
c.843+195T>C Intron? . T(10) CT (12) C(2) 0.333 0.444 0.54
c.843+269T=C Intron? i T(10) CT (12) C(2) 0.333 0.444 0.54
c843+288C>T Intron? . C(10) CT (12) T(2) 0.333 0.444 0.54
c843+323C>T Intron? i C(13) CT (5) T(5) 0.326 0.44 0015
c.843+330A>G* Intron? i A(224)  AG(158) G(31) 0.265 0.39 0.5%
cl199G=A* Exonl | R400Q G (417) AG (3) A (0) 0.004 0.007 0941
c.|588G=A* Exonl4 V5301 G (289) AG(lII) A(I5) 0.17 0.282 0.293
clél+104C=T* Intron| 4 . C(227)  CT(I55) T (33) 0.266 0.391 0.369
clél1+515G=A Intron| 4 B G (20) AG (1) A (0) 0.024 0.046 0811
¢ 1736-1 64CCTinsdel Intrenl 6 8 del (19)  insdel (4) ins (1) 0.125 0.219 0.243
c.1736-404>G Intronl7 g A(19) AG (4) G(h 0.125 0219 0.243
1800+ 169C=T Intronl 7 . C(le) CT (5) T(2) 0.1% 0.315 0.138
¢ 1800+ 95G=A Intren!7 : G (19) AG (4) Al 0.125 0.219 0.243
c.1869+40G=A Intrenl 8 i G (19) AG (4) A(l) 0.125 0.219 0.243
c.1B69+82A>G Intronl8 g A(19) AG (4) G(h 0.125 0219 0.243
c1869+91T=G Intron| 8 . T(19) GT (4) G(h 0.125 0.219 0243
c.1869+235G>C* Intronl 8 i C(128) CG(I8%) G(l02) 0469 0.498 0053
c2065+46A>C Intron20 . A(19) AG (4) G (D) 0.125 0219 0243
c.2065+68G=A Intron20 i G (19) AG (4) Al 0.125 0219 0243
c2124+] 9Cinsdel Intron2| . ins (23) insdel (1) del (0) 0.021 0.041 0917
c2124+23T=G Intron2| i T (23) GT (1) G (0) 0.021 0.041 0917
c2124+74G=A Intron2| i G(22) AG (2) A (0) 0.042 0.08 0831
c.2148G=A Exon22 ATI6A G (22) AG (2) A (0) 0.042 0.08 0831
c2151*479C>T* 3UTR . C (342) CT (65) T(5) 0.091 0.165 0.345
c.2151*503Tinsdel 3UTR i ins (22)  insdel (2) del (0) 0.042 0.08 0831
c2151*550T=G 3'UTR i T(19) GT (3) G (0) 0.068 0127 0731
c2151*557T>C 3'UTR ¢ T(19) CT (3) C(0) 0.068 0127 0.731
c2151*562C=A 3UTR g C(20) AC (2) A (0) 0.045 0.087 0823
¢ 21 51 *578CTCCCTCCinsdel 3'UTR . ins (19)  insdel (3) del (Q) 0.068 0.127 0.731
c2151*697T>C 3'UTR : T(19) CT (3) C(0) 0.068 0.127 0.731
c.2151*765A>G* 3'UTR i A (307) AG (986) G(12) 0.145 0.247 0.187
c2151*832G=A* 3'UTR g G (335) AG (75) A (4) 0.1 0.18 0931
c2151*845A>G* 3'UTR . A(293)  AG(lI12) G(12) 0.163 0.273 0.744

*Frequencies of the six polymorphisms marked by asterisks were determined by genotyping 421 Korean native cattle. Frequencies of the remaining
polymorphisms were determined by re-sequencing 24 unrelated Korean native cattle DNAs.
= P-values of deviation from Hardy-Weinberg equilibrium
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<3 3-4-5>. Association analyses of CAPN1 polymorphism with carcass traits among Korean native

cattles
Genotype
Trait  Polymorphism Position  Amino acid change cic C/R R/R P peor.
N(LSMEAN £ SE) N(LSMEAN £ SE) N{LSMEAN = SE)
oW c.579G=A Exon5 KI93K 187(309.56 £ 2.58)  177(311.93 £ 2.57)  53(314.91 £ 499) 0.33 NS
c6304>G Exoné T210T I74(312.17 £ 261)  180(311.14 £ 2.53)  67(310.88 + 4.20) 0.16 NS
c.760-24T=C Introné 210031293 £ 2.24) 16130626 £ 2.72)  43(319.27 £ 492) 0.11 NS
c843+3304>G  Intron7 . 224(312.42 £221)  156(306.68 £ 265)  31(32382 1 4.18) 0.69 NS
ol 199G=A Exonl| R400Q 417(311.43 £ 1.50)  3(294.47 £ 19.76) ; 046 NS
.1 588G=A Exon 14 Y5301 289(311.78 £ 1.93)  111{309.62 £ 3.27) 15(311.41 £9.12) 0.84 NS
clél1+104C=T Inwronl4 227(311.32 £2.26)  155(311.06 £ 2.74)  33(313.20 £ 5.98) 0.88 NS
c1869+235C>G  Intronl8 128(313.33 £ 3.15)  189(308.92 £ 2.50)  102(312.55 £ 3.23) 0.73 NS
c2151%479C>T  IUTR 342(311.37 £ 1.78)  65(304.72 £ 480) 5(321.32 £ 16.27) 0.4% NS
c2151#7654>G  3UTR 307(310.08 £ 2.01)  96(31063 £ 4.15) 12(311.52 £ 11.10) 023 NS
c.2] 51%832G>A JUTR 33531167 £ 1.75)  75(309.30 £ 4.14) 4(315.85 £ 19.01) 0.84 NS
c2151*8454>G  3UTR 293(308.97 £ 2.07)  112(31282£3.75)  12(317.88 % 10.33) 0.11 NS
Block2_ht2 300(310.77 £ 1.86)  95(31478 £ 3.50) 15(300.73 £ 8.72) 085 NS
Block2 ht3 335(31025 £ 1.80)  72(316.69 £ 4.68) 3(303.60 £ 20.41) 0.46 NS
MS c.579G=A Exon5 KI93K 187(2.10 £ 0.10) 177(2.39 £ 0.10) 53(2.00 £ 0.19) 0.85 NS
c6304>G Exoné T210T 174(2.19 £ 0.10) 180(2.29 £ 0.10) 67(209 £ 0.17) 0.64 NS
c.760-24T=C Introné 210(2.18 £ 0.09) 161(2.26 £0.11) 43(2.16 £ 0.20) 0.69 NS
c843+3304>G  Intron7 . 224(2.18 £ 0.09) 156(2.21 £ 0.11) 3142.16 £0.25) 0.78 NS
ol 199G=A Exonl| R400Q 417(2.21 £ 0.06) 3(1.77 £0.79) ; 047 NS
.1 588G=A Exon |4 ¥5301 289(2.21 £ 0.08) 111(2.24 £ 0.13) 15(2.12 £ 0.37) 0.60 NS
clél1+104C=T  Intronl4 227(2.19 £ 0.09) I155(2.17 £ 0.11) 33(2.56 £ 0.24) 0.22 NS
c1869+235C>G  Intronl8 128(2.30 £ 0.13) 189(2.23 £ 0.10) 102(2.12 £ 0.13) 0.09 NS
c2151*479C>T  3JUTR 342(2.34 £ 0.07) 65(1.56 £ 0.19) 5(0.94 £ 0.65) 0.0007 0.02
c2l151*7654>G  3UTR 307(2.19  0.08) 96(2.33 £ 0.17) 12(267 £ 0.45) 0.08 NS
c.2151%832G>A JUTR 335(2.20 £ 0.07) 75(231 £ 0.17) 4(1.10 £ 0.76) 013 NS
c2151*8454>G  3UTR 293(2.15 £ 0.08) 112(2.42 £ 0.15) 12(277 £ 041) 0.06 NS
Block2_ht2 300(2.11 £ 0.07) 95(2.56 £ 0.14) 15(220 £ 0.35) 0.28 NS
Block2 ht3 335(2.14 + 0.07) 72(254 £ 0.1%) 3(2.28 £ 0.82) 0.21 NS

Genotype and haplotype distributions and P-values controlling for sire and age at slaughter as covariates are shown.
CIC, C/R, and RJ/R represent the commaon allele, and heterozygotes and homozygotes for the rare allele, respectively.
N(LSMEAN £ SE): Mumber of animals (least square mean of values t standard errors).
P represents the simple corrected P-value (Bonferroni correction).
Significant associations are shown in boldface. NS: not significant
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Abstract

Background: Marbling score (M5) is the major quantitative trait that affects carcass quality in beef
cattle. In this study, we examined the association between genetic polymorphisms of the
micromolar calcium-activated newtral protease gene {micro-calpain, CAPNI ) and carcass traits in

K.orean cattle (also known as Hanwoo).

Results: By direct DMNA sequencing in 24 unrelated Korean cattle, we identified 39 sequence
variants within exons and their flanking regions in CAPN |. Among them, |12 common polymorphic
sites were selected for genatyping in the beef cattle (n = 421). Statistical analysis revealed that a
polymorphism in the YUTR (.21 51 *479C=T) showed significant association with M5 (P-= (u02).

Conclusion: Cur findings suggest that polymarphisms in CAPNI might be one of the important
genetic factors involved in carcass quality in beef cattle, although it could be false positive

association.

Background

Cenetic improvement has long been considered an
impaortant factor in the competitiveness of beef cattle pro-
duction. Identification of the genes and/or polymor-
phisms underlying quantitative/qualitative traits, and an
understanding of how these genes/polymorphisms inter-
act with the environment or with other genes affecting
economic traits might be the keys to successful applica-
tion of marker-assisted selection in the commercial ani-

mal population. As one of these economic traits, marbling
is intramuscular fat that gives meat flavor and tenderness.
Thus, an increase in the degree of marbling raises the level
of meat quality.

Calpain is a ubiquitous cytoplasmic cysteine protease, the
activity of which is absolutely dependent on calcium [1].
Two genes of calpain (CAPN1 [macro-calpain] and
CAPN2 [mili-calpain]) have been identified [2]. CAPN1
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A Whole Genome Association Study to Detect Single Nucleotide
Pelymorphisms for Bedy Conformation Traits in a Hanwoo Population

M. Alam*, Y.ML Lee{ B.-L. Park', [l.-H. Kim?®, $.-5. Lee?
E-5.F im* and J.-J. Kim*
School of Biotechnology, Yeungnam Univeraty, Gyeongsan. Gyeongbuk, 712-749, Korea

ABSTRACT : A whole genome association (WGA) smdy was conducted to identify quantimtive tait loci (QTL) for body
conformation waits in Hanwoo cattle. The phenotypes of 497 steers were recorded Som the Hanwoo Improvement Center of Natiopal
Agncultural Cooperative Federation, Seosan, Korea. and analyzed using the lumina Bovine 50 k SNP chip. A set of 35987 SNPs that
were available in the Hanwoo population was selected from the chip. After adjustments for the effects of vear-season of burth, region and
sire. phenotypes were regressed on each SNP using a linear regression model Three hundred nineteen SNPs were detected for the ten
conformaton traits (p<0.003). For the significant SNPs. stepwise regression procedures were apphed to determine best sets of markers.
A total of 72 SNPs were selected (p<20.001), for which the sets of 5. 9, 10. 9, 8, 11, 4, 6, 3 and 7 SNPs were determmed for height at
withers, rump height, body length chest depth, chest width, rump length, hip width, thurl width, pinbone width and heart girth,
respectively. About 7-26% of the ol phenotypic variation was explained by the set of SNPs for each tait. QTL for the conformation
waits were harbored on most bovine chromosomes (BTAs). Four SNPs with pleiowopic effects on height at withers and rump height
were derected on BTAs 3, 4, 6 and 16. A SNP with pleiotropic effects on chest width and rump length was also detected on BTAL0. Two
QTL regions, L.e¢. berween 87 and 97 Mb in BTAS and berween 41 ard 44 Mb in BTA7, were found. in which SNPs were detected for
the five and three conformation taits, respectively. The detected SNPs need to be validated in other Hanwoo populations for commercial
application to the genetic improvement of conformation characteristics m Hanwoo via marker-assisted selection (MAS). (Key Words :
Whole Genome Association. Body Conformation. SNP. Hanwoo. QTL)
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Stepwise regression procedure:

Genetic markers are added one by one to the model, and the F statistic for a variable to be added must be significant at the entry
level P-value (sle). After a variable is added, however, the stepwise method looks at all the variables already included in the
model and deletes any variable that does not produce an F statistic significant at the stay level P-value (sls). Only after this
check is made and the necessarv deletions accomplished can another variable be added to the model The stepwise process ends
when none of the variables outside the model has an F statistic significant at the entry level and every variable in the model is
significant at the stay level, or when the variable to be added to the model is the one just deleted from it.
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<3# 3-4-7>. A8 W call rate

Sample ID Call Rate Sample ID Call Rate | Sample ID | Call Rate Sample ID Call Rate
54202 100.0% 64037 100.0% 74214 100.0% 84033 100.0%
54206 100.0% 64038 100.0% 74217 100.0% 84038 100.0%
54222 100.0% 64040 100.0% 74218 99.4% 84039 100.0%
54224 100.0% 64042 100.0% 74219 99.4% 84040 100.0%
54225 100.0% 64044 99.4% 74220 100.0% 84041 99.4%
54228 100.0% 64045 100.0% 74222 100.0% 84044 100.0%
54229 100.0% 64046 100.0% 74231 99.4% 84051 100.0%
54231 100.0% 64047 100.0% 74233 100.0% 84056 100.0%
54245 100.0% 64048 100.0% 74240 100.0% 84065 100.0%
54246 99.4% 64053 100.0% 74242 100.0% 84068 100.0%
54248 100.0% 64054 100.0% 74243 100.0% 84069 100.0%
54252 Fail 64056 100.0% 74244 100.0% 84070 100.0%
54255 100.0% 64057 100.0% 74248 100.0% 84071 100.0%
54256 100.0% 64058 98.8% 74251 100.0% 84072 100.0%
54258 100.0% 64060 Fail 74254 100.0% 84073 100.0%
54259 100.0% 64061 100.0% 74256 100.0% 84074 99.4%
54263 100.0% 64062 100.0% 74257 100.0% 84076 100.0%
54265 100.0% 64063 100.0% 74262 100.0% 84077 100.0%
54266 100.0% 64067 100.0% 74263 100.0% 84078 99.4%
54267 100.0% 64070 100.0% 74264 100.0% 84080 100.0%
54268 99.4% 64071 100.0% 74265 99.4% 84081 100.0%
54270 100.0% 64073 100.0% 74269 100.0% 84086 100.0%
54271 100.0% 64075 100.0% 74272 100.0% 84095 100.0%
54285 100.0% 64078 100.0% 74276 99.4% 84096 100.0%
54287 100.0% 64079 100.0% 74280 100.0% 84098 100.0%
54297 100.0% 64083 100.0% 74285 100.0% 84108 100.0%
54301 99.4% 64084 100.0% 74289 100.0% 84109 99.4%
54305 100.0% 64086 100.0% 74295 100.0% 84110 100.0%
54308 100.0% 64087 100.0% 74296 100.0% 84123 100.0%
54311 100.0% 64089 100.0% 74299 100.0% 84124 100.0%
54318 100.0% 64092 99.4% 74301 100.0% 84125 100.0%
54319 100.0% 64098 100.0% 74304 100.0% 84126 100.0%
54320 100.0% 64099 100.0% 74307 100.0% 84129 100.0%
54322 100.0% 64100 100.0% 74308 100.0% 84140 100.0%
54327 100.0% 64102 100.0% 74309 100.0% 84144 100.0%
54328 99.4% 64115 100.0% 74311 100.0% 84146 100.0%
54329 100.0% 64116 100.0% 74314 100.0% 84147 100.0%
54332 99.4% 64118 100.0% 74315 100.0% 84148 100.0%
54338 100.0% 64125 100.0% 74316 100.0% 84153 100.0%
54341 99.4% 64128 99.4% 74329 100.0% 84158 100.0%
54353 99.4% 64129 100.0% 74330 100.0% 84168 100.0%
54358 100.0% 64130 99.4% 74331 100.0% 84171 100.0%
54359 100.0% 64131 100.0% 74336 100.0% 84172 100.0%
54364 100.0% 64133 99.4% 74337 100.0% 84174 100.0%
54369 100.0% 64134 100.0% 74338 100.0% 84175 100.0%
54370 99.4% 64136 100.0% 74339 100.0% 84176 100.0%
54374 100.0% 64141 100.0% 74354 100.0% 84177 100.0%
54376 100.0% 64142 100.0% 74361 100.0% 84178 100.0%
54377 100.0% 64146 100.0% 74362 99.4% 84179 100.0%
54382 100.0% 64148 100.0% 74371 100.0% 84180 99.4%
54383 100.0% 64150 100.0% 74375 100.0% 84181 99.4%
54384 100.0% 64151 99.4% 74379 100.0% 84186 100.0%
54385 100.0% 64152 100.0% 74387 100.0% 84189 100.0%
54387 100.0% 64156 100.0% 74390 100.0% 84191 100.0%
64001 100.0% 64163 99.4% 74391 100.0% 84192 100.0%
64004 100.0% 64164 99.4% 74394 100.0% 46_002 100.0%
64010 100.0% 64165 100.0% 74397 100.0% 46_004 99.4%
64012 100.0% 64166 100.0% 84004 100.0% 46_008 100.0%
64013 100.0% 64167 100.0% 84012 100.0% 46_010 100.0%
64018 100.0% 64171 Fail 84013 100.0% 46_012 100.0%
64022 100.0% 64177 100.0% 84024 100.0% 46_026 99.4%
64024 100.0% 74207 100.0% 84026 100.0% 46_028 100.0%
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Sample ID Call Rate Sample ID Call Rate | Sample ID | Call Rate Sample 1D Call Rate
64034 100.0% 74212 100.0% 84032 100.0% 46_062 100.0%
46_070 100.0% 46_360 100.0% 46_530 100.0% 47_084 99.4%
46_072 97.7% 46_362 99.4% 46_532 100.0% 47_086 100.0%
46_104 95.4% 46_368 100.0% 46_534 100.0% 47_088 100.0%
46_124 100.0% 46_370 100.0% 46_536 100.0% 47_092 97.1%
46_150 100.0% 46_372 99.4% 46_538 100.0% 47_094 100.0%
46_166 100.0% 46_376 100.0% 46_540 100.0% 47_096 100.0%
46_184 100.0% 46_378 100.0% 46_542 100.0% 47_098 100.0%
46_196 100.0% 46_382 100.0% 46_544 100.0% 47_100 100.0%
46_214 100.0% 46_384 100.0% 46_546 99.4% 47_102 100.0%
46_218 99.4% 46_386 100.0% 46_548 99.4% 47_104 99.4%
46_226 100.0% 46_390 100.0% 46_550 100.0% 47_106 99.4%
46_228 100.0% 46_392 100.0% 46_552 99.4% 47_108 100.0%
46_234 97.7% 46_394 100.0% 46_554 100.0% 47_110 100.0%
46_238 100.0% 46_396 100.0% 46_556 99.4% 47_112 100.0%
46_240 99.4% 46_398 99.4% 46_560 100.0% 47_116 100.0%
46_246 100.0% 46_402 99.4% 46_562 100.0% 47_118 100.0%
46_248 100.0% 46_404 100.0% 46_564 99.4% 47_122 100.0%
46_250 100.0% 46_406 100.0% 46_566 100.0% 47_124 100.0%
46_252 100.0% 46_408 100.0% 46_572 99.4% 47_128 100.0%
46_254 100.0% 46_412 100.0% 46_574 100.0% 47_130 100.0%
46_256 100.0% 46_414 99.4% 46_576 100.0% 47_132 100.0%
46_260 100.0% 46_416 100.0% 46_580 100.0% 47_134 100.0%
46_262 100.0% 46_418 100.0% 46_584 100.0% 47_136 100.0%
46_264 99.4% 46_420 100.0% 46_586 100.0% 47_138 100.0%
46_268 100.0% 46_422 100.0% 46_588 100.0% 47_140 99.4%
46_270 100.0% 46_424 100.0% 46_590 100.0% 47_142 100.0%
46_272 100.0% 46_426 100.0% 46_592 99.4% 47_150 100.0%
46_276 99.4% 46_428 100.0% 46_594 100.0% 47_152 100.0%
46_278 100.0% 46_430 100.0% 46_600 100.0% 47_154 100.0%
46_280 100.0% 46_432 100.0% 46_602 100.0% 47_156 100.0%
46_282 100.0% 46_436 100.0% 46_604 99.4% 47_158 99.4%
46_284 100.0% 46_438 100.0% 47_002 100.0% 47_160 100.0%
46_286 100.0% 46_440 98.8% 47_004 100.0% 47_162 100.0%
46_288 100.0% 46_442 100.0% 47_006 99.4% 47_164 99.4%
46_290 100.0% 46_444 100.0% 47_008 99.4% 47_166 98.3%
46_292 100.0% 46_448 100.0% 47_010 100.0% 47_168 100.0%
46_294 100.0% 46_452 100.0% 47_012 100.0% 47_170 100.0%
46_296 100.0% 46_454 100.0% 47_014 100.0% 47_172 100.0%
46_298 100.0% 46_456 99.4% 47_018 99.4% 47_174 100.0%
46_300 100.0% 46_458 100.0% 47_020 100.0% 47_176 100.0%
46_308 100.0% 46_460 100.0% 47_024 100.0% 47_178 100.0%
46_314 100.0% 46_462 100.0% 47_026 100.0% 47_182 100.0%
46_316 100.0% 46_464 100.0% 47_028 100.0% 47_184 Fail
46_318 100.0% 46_470 99.4% 47_034 100.0% 47_186 Fail
46_320 100.0% 46_472 100.0% 47_036 100.0% 47_210 100.0%
46_322 100.0% 46_474 100.0% 47_038 100.0% 47_212 100.0%
46_324 100.0% 46_476 100.0% 47_040 100.0% 47_214 100.0%
46_326 100.0% 46_478 100.0% 47_048 100.0% 47_216 100.0%
46_328 99.4% 46_480 100.0% 47_050 100.0% 47_220 100.0%
46_330 100.0% 46_482 100.0% 47_052 100.0% 47_222 100.0%
46_334 100.0% 46_484 100.0% 47_054 99.4% 47_226 100.0%
46_336 100.0% 46_486 99.4% 47_060 100.0% 47_228 100.0%
46_338 100.0% 46_488 100.0% 47_064 100.0% 47_230 99.4%
46_340 100.0% 46_490 100.0% 47_066 100.0% 47_232 100.0%
46_342 100.0% 46_492 100.0% 47_068 100.0% 47_236 99.4%
46_344 100.0% 46_494 100.0% 47_070 100.0% 47_238 99.4%
46_346 100.0% 46_496 99.4% 47_072 100.0% 47_240 100.0%
46_348 100.0% 46_500 99.4% 47_074 100.0% 47_244 100.0%
46_350 100.0% 46_502 100.0% 47_076 100.0% 47_246 100.0%
46_354 100.0% 46_512 100.0% 47_078 100.0% 47_248 100.0%
46_356 100.0% 46_516 100.0% 47_080 100.0% 47_250 100.0%
46_358 100.0% 46_520 100.0% 47_082 100.0% 47_252 99.4%
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47_254 100.0% 47_436 100.0% han0042 100.0% han0106 100.0%
47_256 100.0% 47_438 100.0% han0043 100.0% han0107 99.4%
47_258 100.0% 47_442 100.0% han0044 100.0% han0108 100.0%
47_260 100.0% 47_444 100.0% han0045 100.0% han0109 100.0%
47262 100.0% 47_454 99.4% han0046 100.0% han0110 100.0%
47_264 100.0% 47_460 100.0% han0047 100.0% han0111 100.0%
47_266 100.0% 47_462 98.8% han0048 100.0% han0112 100.0%
47_268 100.0% 47_464 100.0% han0049 100.0% han0113 100.0%
47_270 100.0% 47_466 99.4% han0050 100.0% han0114 100.0%
47 272 100.0% 47_468 100.0% han0051 100.0% han0115 100.0%
47 274 99.4% 47 472 99.4% han0052 100.0% han0117 100.0%
47 278 100.0% 47_478 100.0% han0053 100.0% han0118 100.0%
47_280 100.0% 47_480 100.0% han0054 100.0% han0119 100.0%
47 282 100.0% 47_482 100.0% han0055 99.4% han0121 100.0%
47 284 100.0% 47_490 100.0% han0056 100.0% han0122 100.0%
47_288 100.0% 47_492 100.0% han0057 100.0% han0123 100.0%
47_290 100.0% 47_496 100.0% han0058 100.0% han0125 100.0%
47_292 100.0% 47_500 99.4% han0059 100.0% han0126 100.0%
47_294 100.0% 47_502 100.0% han0060 99.4% han0127 100.0%
47_306 100.0% 47_508 100.0% han0061 100.0% han0128 100.0%
47 314 100.0% 47_510 100.0% han0062 100.0% han0129 100.0%
47318 100.0% 47_520 100.0% han0063 100.0% han0130 100.0%
47 322 100.0% 47_532 100.0% han0064 100.0% han0131 100.0%
47328 100.0% 47_534 100.0% han0065 100.0% han0132 96.5%
47330 100.0% 47_536 100.0% han0066 100.0% han0133 100.0%
47332 100.0% 47_538 100.0% han0067 100.0% han0134 100.0%
47 334 99.4% 47_540 100.0% han0068 100.0% han0135 100.0%
47338 100.0% han0001 100.0% han0069 100.0% han0136 100.0%
47_340 100.0% han0002 100.0% han0070 99.4% han0138 100.0%
47_344 100.0% han0003 100.0% han0071 100.0% han0139 100.0%
47_348 99.4% han0004 100.0% han0072 100.0% han0141 99.4%
47_356 100.0% han0006 100.0% han0073 100.0% han0142 100.0%
47_358 100.0% han0008 100.0% han0074 100.0% han0143 99.4%
47_364 100.0% han0009 98.8% han0075 100.0% han0144 100.0%
47_366 100.0% han0010 100.0% han0076 100.0% han0146 100.0%
47_368 100.0% han0011 100.0% han0077 100.0% han0147 100.0%
47370 100.0% han0012 100.0% han0078 100.0% han0148 99.4%
47372 100.0% han0013 100.0% han0079 100.0% han0149 100.0%
47_374 100.0% han0016 100.0% han0080 100.0% han0153 100.0%
47376 100.0% han0017 100.0% han0081 100.0% han0155 100.0%
47378 100.0% han0018 100.0% han0082 100.0% han0156 99.4%
47_380 100.0% han0019 100.0% han0083 99.4% han0157 100.0%
47382 100.0% han0020 100.0% han0084 100.0% han0162 Fail
47_384 100.0% han0021 100.0% han0085 100.0% han0164 99.4%
47_390 100.0% han0022 100.0% han0087 100.0% han0165 100.0%
47_392 100.0% han0023 100.0% han0088 100.0% han0166 98.8%
47_394 99.4% han0024 98.8% han0089 100.0% han0167 100.0%
47398 99.4% han0025 Fail han0090 100.0% han0170 99.4%
47_400 100.0% han0026 100.0% han0091 100.0% han0176 100.0%
47402 100.0% han0027 100.0% han0092 100.0% han0178 100.0%
47_404 100.0% han0028 100.0% han0093 100.0% han0179 100.0%
47408 100.0% han0029 100.0% han0094 100.0% han0180 100.0%
47410 100.0% han0031 100.0% han0095 99.4% han0181 100.0%
47 412 100.0% han0032 100.0% han0096 100.0% han0182 99.4%
47 414 100.0% han0033 100.0% han0097 100.0% han0183 99.4%
47 416 100.0% han0034 100.0% han0098 100.0% han0184 100.0%
47 418 100.0% han0035 100.0% han0099 99.4% han0185 100.0%
47_420 100.0% han0036 Fail han0100 100.0% han0186 100.0%
47 422 100.0% han0037 100.0% han0101 100.0% han0187 100.0%
47 424 100.0% han0038 100.0% han0102 100.0% han0188 99.4%
47_426 100.0% han0039 100.0% han0103 100.0% han0189 99.4%
47430 100.0% han0040 100.0% han0104 100.0% han0190 100.0%
47 432 100.0% han0041 100.0% han0105 100.0% han0191 100.0%
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han0192 100.0% hnp0010 99.4% hnp0075 100.0% hnp0138 Fail
han0194 100.0% hnp0011 100.0% hnp0076 100.0% hnp0139 100.0%
han0196 100.0% hnp0012 99.4% hnp0077 100.0% hnp0140 100.0%
han0197 99.4% hnp0013 100.0% hnp0078 100.0% hnp0141 100.0%
han0200 100.0% hnp0014 99.4% hnp0079 100.0% hnp0142 Fail
han0201 100.0% hnp0015 99.4% hnp0080 99.4% hnp0143 100.0%
han0202 100.0% hnp0017 99.4% hnp0081 100.0% hnp0144 100.0%
han0203 100.0% hnp0018 100.0% hnp0082 100.0% hnp0145 100.0%
han0204 100.0% hnp0019 100.0% hnp0083 100.0% hnp0146 Fail
hanl-121 98.3% hnp0020 100.0% hnp0084 100.0% hnp0147 100.0%
hanl-122 100.0% hnp0021 100.0% hnp0085 100.0% hnp0148 100.0%
han1-125 99.4% hnp0022 100.0% hnp0086 100.0% hnp0149 100.0%
han1-135 100.0% hnp0023 100.0% hnp0087 100.0% hnp0150 100.0%
han1-138 99.4% hnp0024 100.0% hnp0088 99.4% hnp0151 98.3%
hanl-144 100.0% hnp0025 100.0% hnp0089 100.0% hnp0152 99.4%
hanl-147 100.0% hnp0026 100.0% hnp0090 100.0% hnp0153 99.4%
hanl-156 100.0% hnp0027 99.4% hnp0091 100.0% hnp0154 Fail
hanl-162 100.0% hnp0028 100.0% hnp0092 100.0% hnp0155 100.0%
hanl-274 100.0% hnp0029 100.0% hnp0093 100.0% hnp0156 100.0%
hanl-314 100.0% hnp0031 100.0% hnp0094 100.0% hnp0157 100.0%
han2-104 99.4% hnp0032 100.0% hnp0095 100.0% hnp0158 100.0%
han2-111 100.0% hnp0033 100.0% hnp0096 100.0% hnp0159 100.0%
han2-126 100.0% hnp0034 100.0% hnp0097 100.0% hnp0160 100.0%
han2-131 100.0% hnp0035 100.0% hnp0098 100.0% hnp0161 100.0%
han2-134 99.4% hnp0036 100.0% hnp0099 100.0% hnp0162 100.0%
han2-136 100.0% hnp0037 100.0% hnp0100 100.0% hnp0163 100.0%
han2-138 99.4% hnp0038 100.0% hnp0101 100.0% hnp0164 100.0%
han2-160 100.0% hnp0039 100.0% hnp0102 100.0% hnp0165 100.0%
han2-171 100.0% hnp0040 100.0% hnp0103 99.4% hnp0166 100.0%
han2-311 100.0% hnp0041 100.0% hnp0104 99.4% hnp0167 100.0%
han2-336 100.0% hnp0042 100.0% hnp0105 99.4% hnp0168 100.0%
han3-101 100.0% hnp0043 99.4% hnp0106 100.0% hnp0169 100.0%
han3-103 100.0% hnp0044 100.0% hnp0107 100.0% hnp0170 100.0%
han3-106 99.4% hnp0045 100.0% hnp0108 99.4% hnp0171 99.4%
han3-110 100.0% hnp0046 97.1% hnp0109 100.0% hnp0172 99.4%
han3-111 100.0% hnp0047 100.0% hnp0110 100.0% hnp0173 100.0%
han3-113 99.4% hnp0048 99.4% hnp0111 100.0% hnp0174 100.0%
han3-116 100.0% hnp0049 100.0% hnp0112 99.4% hnp0176 100.0%
han3-117 100.0% hnp0050 100.0% hnp0113 100.0% hnp0177 100.0%
han3-118 100.0% hnp0051 99.4% hnp0114 98.8% hnp0178 100.0%
han3-123 98.8% hnp0052 100.0% hnp0115 100.0% hnp0179 100.0%
han3-125 100.0% hnp0053 99.4% hnp0116 100.0% hnp0180 100.0%
han3-127 100.0% hnp0054 100.0% hnp0117 100.0% hnp0181 99.4%
han3-141 100.0% hnp0055 100.0% hnp0118 99.4% hnp0182 100.0%
han3-142 100.0% hnp0056 98.8% hnp0119 99.4% hnp0183 100.0%
han3-143 100.0% hnp0057 100.0% hnp0120 100.0% hnp0184 100.0%
han3-147 100.0% hnp0058 100.0% hnp0121 100.0% hnp0185 100.0%
han3-149 99.4% hnp0059 100.0% hnp0122 Fail hnp0186 Fail
han3-152 100.0% hnp0060 100.0% hnp0123 100.0% hnp0187 100.0%
han3-153 100.0% hnp0061 100.0% hnp0124 100.0% hnp0188 100.0%
han3-154 100.0% hnp0062 100.0% hnp0125 100.0% hnp0189 100.0%
han3-157 100.0% hnp0063 100.0% hnp0126 100.0% hnp0190 100.0%
han3-158 100.0% hnp0064 100.0% hnp0127 99.4% hnp0191 100.0%
han3-163 99.4% hnp0065 100.0% hnp0128 100.0% hnp0192 100.0%
hnp0001 100.0% hnp0066 100.0% hnp0129 100.0% hnp0193 100.0%
hnp0002 99.4% hnp0067 100.0% hnp0130 100.0% hnp0194 100.0%
hnp0003 100.0% hnp0068 100.0% hnp0131 100.0% hnp0195 100.0%
hnp0004 100.0% hnp0069 99.4% hnp0132 100.0% hnp0196 100.0%
hnp0005 100.0% hnp0070 100.0% hnp0133 100.0% hnp0197 100.0%
hnp0006 100.0% hnp0071 98.8% hnp0134 100.0% hnp0198 99.4%
hnp0007 100.0% hnp0072 99.4% hnp0135 99.4% hnp0199 100.0%
hnp0008 100.0% hnp0073 100.0% hnp0136 100.0% hnp0200 99.4%
hnp0009 99.4% hnp0074 100.0% hnp0137 100.0% hnp0201 100.0%
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hnp0202 100.0% jun3-203 100.0% ker4257 100.0% ker6002 100.0%
hnp0203 99.4% jun3-204 100.0% ker4258 100.0% ker6003 100.0%
hnp0204 100.0% jun3-205 99.4% ker4259 100.0% ker6004 100.0%
hnp0205 100.0% jun3-206 100.0% ker4260 100.0% ker6005 100.0%
jeb0408 98.8% jun3-207 98.8% ker4261 100.0% ker6006 100.0%
jeb0409 99.4% jun3-208 100.0% ker4264 100.0% ker6012 100.0%
jeb0410 100.0% jun3-212 98.8% ker4267 100.0% ker6015 99.4%
jeb0411 99.4% jun3-213 100.0% ker4268 100.0% ker6016 100.0%
jeb0413 100.0% jun3-216 100.0% ker4269 100.0% ker6017 99.4%
jeb0414 100.0% jun3-218 100.0% ker4273 100.0% ker6018 100.0%
jeb0415 100.0% jun3-220 100.0% ker5906 100.0% ker6029 100.0%
jeb0416 100.0% jun3-222 100.0% ker5912 100.0% ker6031 100.0%
jeb0417 100.0% jun3-223 100.0% ker5913 100.0% ker6033 100.0%
junl-120 100.0% jun3-224 100.0% ker5914 100.0% ker6034 99.4%
junl-121 99.4% jun3-225 99.4% ker5915 99.4% ker6039 99.4%
junl1-22 100.0% jun3-229 100.0% ker5916 100.0% ker6046 100.0%
junll-24 100.0% jun3-230 100.0% ker5918 100.0% ker6057 100.0%
junll-26 100.0% jun3-231 100.0% ker5919 99.4% KOR000168656361 100.0%
junll1-27 100.0% jun3-232 100.0% ker5920 100.0% KOR000168656439 100.0%
junl1-28 100.0% jun3-234 100.0% ker5921 100.0% KOR000168656750 100.0%
junl1-29 100.0% jun3-235 100.0% ker5922 100.0% KOR000182796623 100.0%
junl1-30 100.0% jun3-236 100.0% ker5923 100.0% KOR000182797033 100.0%
junll-31 100.0% jun3-237 100.0% ker5924 100.0% KOR000182798016 100.0%
junll1-32 99.4% jun3-238 100.0% ker5925 99.4% KOR000182798047 97.1%
junll1-33 100.0% jun3-239 100.0% ker5928 100.0% KORO000182798054 100.0%
junll-34 100.0% jun3-240 99.4% ker5931 100.0% KORO000182798184 100.0%
junll-35 99.4% jun3-241 100.0% ker5932 100.0% KORO000184772670 100.0%
junl1-48 100.0% jun3-242 100.0% ker5933 99.4% KOR000185108591 99.4%
junll-62 100.0% jun3-243 99.4% ker5934 100.0% KORO000185108980 100.0%
junll-74 100.0% jun9-161 100.0% ker5935 100.0% KOR000185109000 100.0%
jun11-90 100.0% jun9-169 100.0% ker5936 100.0% KORO000185119511 100.0%
junl1-91 100.0% ker4203 99.4% ker5937 100.0% KORO000185119580 100.0%
junl1-92 99.4% ker4213 100.0% ker5938 100.0% KORO000185119849 Fail
junl1-93 100.0% ker4214 100.0% ker5939 100.0% KOR000188632147 100.0%
junl1-95 Fail ker4215 100.0% ker5940 100.0% KORO000189506737 100.0%
junl1-98 100.0% ker4217 100.0% ker5942 100.0% KORO000189506744 Fail
jun2-149 100.0% ker4219 Fail ker5947 100.0% KOR000189507123 100.0%
jun3-119 100.0% ker4220 Fail ker5948 100.0% KORO000189507888 100.0%
jun3-120 99.4% ker4221 Fail ker5949 100.0% KORO000189521044 100.0%
jun3-122 100.0% ker4222 Fail ker5950 99.4% KOR000189522027 100.0%
jun3-124 100.0% ker4223 Fail ker5951 100.0% KORO000189522652 100.0%
jun3-125 100.0% ker4224 Fail ker5952 100.0% KORO000189711810 100.0%
jun3-126 99.4% ker4225 Fail ker5953 100.0% KOR000190308634 100.0%
jun3-127 100.0% ker4226 Fail ker5960 100.0% KOR000190312471 100.0%
jun3-129 100.0% ker4229 100.0% ker5961 99.4% KOR000190626905 100.0%
jun3-130 100.0% ker4230 100.0% ker5962 99.4% KOR000192257077 100.0%
jun3-131 100.0% ker4231 100.0% ker5963 100.0% KOR000192257978 100.0%
jun3-137 100.0% ker4232 100.0% ker5964 100.0% KOR000192301329 99.4%
jun3-138 100.0% ker4233 100.0% ker5966 100.0% KOR000192303774 100.0%
jun3-143 99.4% ker4234 100.0% ker5967 100.0% KORO000192316552 100.0%
jun3-144 100.0% ker4235 100.0% ker5968 100.0% KOR000192346337 100.0%
jun3-145 99.4% ker4236 100.0% ker5969 100.0% KOR000192452847 100.0%
jun3-146 100.0% ker4237 100.0% ker5970 99.4% KOR000192455817 100.0%
jun3-147 100.0% ker4238 99.4% ker5971 100.0% KOR000192462129 100.0%
jun3-148 100.0% ker4239 100.0% ker5972 100.0% KOR000192857598 100.0%
jun3-184 100.0% ker4243 100.0% ker5974 99.4% KOR000193710311 100.0%
jun3-188 100.0% ker4244 100.0% ker5985 100.0% KOR000193761900 100.0%
jun3-189 100.0% ker4245 100.0% ker5986 100.0% KOR000194358437 100.0%
jun3-190 99.4% ker4246 100.0% ker5988 100.0% KOR000194359106 100.0%
jun3-196 100.0% ker4251 100.0% ker5989 99.4% KOR000194359151 99.4%
jun3-198 100.0% ker4254 99.4% ker5991 100.0% KOR000194361130 100.0%
jun3-200 100.0% ker4255 100.0% ker5998 96.5% KOR000194361581 99.4%
jun3-202 100.0% ker4256 100.0% ker5999 100.0% KOR000194371023 100.0%
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KOR000194697666 100.0% KOR000199456091 99.4% KPN686 100.0% kyu0459 100.0%
KOR000194777849 100.0% KOR000199462764 100.0% KPN688 99.4% kyu0460 100.0%
KOR000195440438 100.0% KOR000199464041 99.4% KPN689 99.4% kyu0461 100.0%
KOR000196531623 100.0% KOR000199548352 99.4% KPN691 100.0% kyu0462 100.0%
KOR000196531838 100.0% KOR000199548369 98.8% KPN693 100.0% kyu0463 100.0%
KOR000196550549 100.0% KOR000199551024 100.0% KPN695 100.0% kyu0464 100.0%
KORO000196550815 100.0% KORO000199557767 100.0% KPN699 100.0% kyu0465 100.0%
KOR000196557142 99.4% KOR000199574030 100.0% KPN703 100.0% kyu0466 100.0%
KOR000196559481 100.0% KOR000199623257 100.0% KPN704 100.0% kyu0467 100.0%
KOR000196572879 100.0% KOR000199627576 100.0% KPN708 100.0% kyu0468 100.0%
KOR000196581802 Fail KOR000199645730 100.0% KPN709 100.0% kyu0469 100.0%
KOR000196591078 100.0% KOR000199650451 100.0% KPN710 100.0% kyu0470 100.0%
KOR000196591160 100.0% KOR000199820953 100.0% KPN711 99.4% kyu0472 100.0%
KOR000196701729 100.0% KOR000199821462 100.0% KPN712 100.0% kyu0473 100.0%
KOR000196701750 99.4% KOR000199827884 99.4% KPN714 99.4% kyu0474 100.0%
KOR000196701859 100.0% KOR000199827952 100.0% KPN716 100.0% kyu0475 100.0%
KOR000196860914 100.0% KOR000199830747 100.0% KPN717 100.0% kyu0476 100.0%
KOR000196866237 100.0% KOR000199852152 100.0% KPN720 100.0% kyu0477 99.4%
KOR000196868330 100.0% KOR000199852466 100.0% KPN721 100.0% kyu0480 99.4%
KOR000196868460 100.0% KOR000200128269 100.0% KPN722 100.0% kyu0481 100.0%
KOR000196904687 100.0% KOR000200143071 100.0% KPN723 99.4% kyu0482 100.0%
KOR000196904953 100.0% KOR000201049662 100.0% KPN724 100.0% kyu0483 100.0%
KOR000196911470 100.0% KOR000201049693 100.0% KPN725 100.0% kyu0484 100.0%
KOR000197116164 100.0% KOR000201174654 100.0% KPN726 100.0% kyu0485 100.0%
KOR000197117901 100.0% KOR000202200673 100.0% KPN728 100.0% kyu0486 100.0%
KOR000197117918 100.0% KOR000202200888 100.0% KPN730 100.0% kyu0487 99.4%
KORO000197167173 100.0% KOR000203114733 100.0% KPN731 100.0% kyu0488 100.0%
KOR000197167203 100.0% KOR000203114955 100.0% KPN737 100.0% kyu0489 100.0%
KOR000197167227 100.0% KPN244 100.0% KPN738 100.0% kyu0490 100.0%
KOR000197167258 100.0% KPN281 100.0% KPN741 100.0% kyu0491 99.4%
KORO000197167265 100.0% KPN305 100.0% KPN742 100.0% kyu0492 100.0%
KOR000197292547 100.0% KPN430 98.8% KPN743 100.0% kyu0494 99.4%
KOR000197299966 100.0% KPN478 100.0% KPN748 99.4% kyu0495 99.4%
KOR000197300365 99.4% KPN484 100.0% KPN750 100.0% kyu0496 100.0%
KOR000197300396 Fail KPN488 99.4% KPN751 100.0% kyu0497 100.0%
KOR000197300426 100.0% KPN518 99.4% KPN753 100.0% nou0956 100.0%
KOR000197300969 100.0% KPNS536 98.8% KPN754 100.0% nou(0957 99.4%
KOR000197342747 100.0% KPNS550 99.4% KPN757 100.0% nou0958 100.0%
KORO000197583195 100.0% KPNS581 100.0% KPN763 100.0% nou0959 100.0%
KOR000197695379 100.0% KPN585 99.4% KPN768 100.0% nou0960 100.0%
KOR000197695904 100.0% KPN586 100.0% KPN769 100.0% nou0962 100.0%
KOR000197695928 100.0% KPN587 100.0% KPN771 100.0% nou(0963 100.0%
KORO000197696635 100.0% KPN598 100.0% kyu0301 100.0% nou0964 100.0%
KOR000197697069 100.0% KPN605 100.0% kyu0302 99.4% nou(0965 100.0%
KOR000197697625 100.0% KPN608 100.0% kyu0303 100.0% nou0966 100.0%
KORO000197714773 100.0% KPN612 100.0% kyu0304 100.0% nou0967 100.0%
KORO000197714827 100.0% KPN614 99.4% kyu0305 100.0% nou0968 100.0%
KORO000198113711 100.0% KPN623 100.0% kyu0306 99.4% nou0969 100.0%
KOR000198147297 100.0% KPN634 100.0% kyu0307 100.0% nou0970 100.0%
KOR000198304676 100.0% KPN636 100.0% kyu0308 100.0% nou0971 100.0%
KOR000198310424 98.8% KPN647 100.0% kyu0309 100.0% nou(973 99.4%
KOR000198338640 100.0% KPN654 99.4% kyu0310 100.0% nou0974 100.0%
KOR000198912680 100.0% KPN659 100.0% kyu0311 99.4% nou0975 100.0%
KOR000198915667 100.0% KPN660 100.0% kyu0312 100.0% nou0976 99.4%
KOR000199345722 100.0% KPN661 100.0% kyu0313 100.0% nou(0977 100.0%
KOR000199347771 100.0% KPN662 100.0% kyu0451 100.0% nou0978 99.4%
KOR000199348501 100.0% KPN671 100.0% kyu0452 100.0% nou0979 100.0%
KOR000199409004 99.4% KPN673 100.0% kyu0453 100.0% nou0981 100.0%
KOR000199412547 100.0% KPN680 99.4% kyu0454 100.0% nou(983 100.0%
KOR000199415890 99.4% KPN681 100.0% kyu0455 100.0% nou(0984 100.0%
KOR000199417160 100.0% KPN683 100.0% kyu0456 99.4% nou(985 100.0%
KOR000199417191 100.0% KPN684 99.4% kyu0457 100.0% nou0986 Fail
KOR000199451386 100.0% KPN685 100.0% kyu0458 99.4% nou(0987 100.0%
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nou0988 100.0% noul061 Fail noul125 100.0% sek0406 100.0%
nou0989 100.0% noul063 100.0% noul126 99.4% sek0407 99.4%
nou0990 100.0% noul064 100.0% noull130 100.0% sek0408 100.0%
nou0992 100.0% noul065 99.4% noull31 100.0% sek0409 99.4%
nou0993 100.0% noul066 100.0% noull32 100.0% sek0410 100.0%
nou0994 100.0% noul067 100.0% noull134 99.4% sek0411 100.0%
nou(0995 100.0% noul068 99.4% noul136 99.4% sek0412 100.0%
nou0996 100.0% noul069 100.0% noul139 100.0% sek0414 100.0%
nou0997 100.0% noul070 99.4% noul 140 100.0% sek0415 100.0%
nou0998 100.0% noul071 100.0% noul 141 99.4% sek0416 100.0%
nou0999 99.4% noul072 100.0% noul 143 99.4% sek0417 99.4%
noul000 100.0% noul(073 100.0% noul 144 100.0% sek0418 100.0%
noul001 100.0% noul074 99.4% noul 145 99.4% sek0419 100.0%
noul002 100.0% noul075 100.0% noul 146 100.0% sek0420 100.0%
noul003 100.0% noul076 100.0% noul 147 100.0% sek0421 100.0%
noul004 100.0% noul077 100.0% noul 148 100.0% sek0422 100.0%
noul005 100.0% noul078 100.0% noul 149 100.0% sek0423 100.0%
noul006 100.0% noul079 100.0% noull51 100.0% sek0424 100.0%
noul007 100.0% noul080 99.4% noull53 100.0% sek0425 100.0%
noul008 100.0% noul081 100.0% noul154 100.0% sek0426 99.4%
noul009 100.0% noul082 99.4% noul157 100.0% sek0427 100.0%
noul010 100.0% noul083 100.0% noul158 100.0% sek0428 100.0%
noulO11 100.0% noul084 99.4% noul 159 100.0% sek0429 100.0%
noul012 100.0% noul085 100.0% noull62 100.0% sek0430 100.0%
noul013 98.3% noul086 100.0% noul 164 100.0% sek0431 100.0%
noul014 100.0% noul087 100.0% noul 165 100.0% sek0432 99.4%
noul0l5 100.0% noul088 100.0% noul 166 100.0% sek0433 Fail
noul016 100.0% noul089 100.0% noull67 99.4% sek0434 100.0%
noul017 100.0% noul090 100.0% noul168 100.0% sek0435 100.0%
noul018 100.0% noul091 100.0% noul169 100.0% sek0436 100.0%
noul019 100.0% noul092 100.0% noull75 100.0% sek0437 100.0%
noul020 99.4% noul093 100.0% noull76 100.0% sek0438 100.0%
noul021 100.0% noul094 100.0% noul330 99.4% sek0439 100.0%
noul031 100.0% noul095 100.0% noul331 100.0% sek0440 99.4%
noul032 100.0% noul096 100.0% noul334 100.0% sek0441 98.8%
noul033 99.4% noul097 100.0% noul335 100.0% sek0442 99.4%
noul034 98.3% noul098 100.0% noul336 100.0% sek0443 100.0%
noul035 100.0% noul099 100.0% noul337 100.0% sek0444 99.4%
noul036 98.8% noull00 100.0% noul338 99.4% sek0445 100.0%
noul037 100.0% noull0l 100.0% noul339 100.0% sek0446 100.0%
noul038 99.4% noull02 100.0% noul340 100.0% sek0447 100.0%
noul039 100.0% noull03 98.8% noul341 100.0% sek0448 100.0%
noul040 99.4% noull04 100.0% noul342 100.0% sek0449 100.0%
noul041 100.0% noull05 100.0% noul343 99.4% sek0450 Fail
noul042 98.8% noull06 100.0% noul344 100.0% sek0451 100.0%
noul043 100.0% noull07 98.8% noul347 100.0% sek0452 100.0%
noul044 100.0% noull08 100.0% noul348 100.0% sek0453 100.0%
noul045 100.0% noull09 100.0% noul349 100.0% sek0454 100.0%
noul046 100.0% noulll0 99.4% noul350 100.0% sek0455 100.0%
noul047 99.4% noullll 100.0% noul351 99.4% sek0456 99.4%
noul048 99.4% noulll2 99.4% noul354 100.0% sek0457 100.0%
noul049 100.0% noulll3 99.4% noul355 100.0% sek0458 100.0%
noul050 100.0% noulll4 100.0% noul360 100.0% sek0459 100.0%
noul051 100.0% noulll5 100.0% noul363 100.0% sek0460 100.0%
noul052 100.0% noulll6 100.0% noul364 100.0% sek0461 100.0%
noul053 100.0% noulll?7 100.0% noul365 100.0% sek0462 100.0%
noul054 100.0% noulllg 100.0% noul366 100.0% sek0463 100.0%
noul055 100.0% noulll9 100.0% noul367 100.0% sek0464 100.0%
noul056 100.0% noull20 100.0% noul368 100.0% sek0465 100.0%
noul057 100.0% noull21 100.0% noul369 100.0% sek0466 100.0%
noul058 100.0% noull22 99.4% noul371 Fail sek0467 100.0%
noul059 99.4% noull23 99.4% noul372 100.0% sek0468 99.4%
noul060 100.0% noull24 100.0% noul373 100.0% sek0469 99.4%
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Sample ID Call Rate Sample ID Call Rate Sample ID Call Rate
sek0470 100.0% sek0594 100.0% sek0870 100.0%
sek0471 100.0% sek0595 100.0% sek0872 100.0%
sek0472 100.0% sek0596 100.0% sek0873 99.4%
sek0473 100.0% sek0597 100.0% sek0874 100.0%
sek0474 100.0% sek0598 100.0% sek0875 100.0%
sek0475 100.0% sek0599 100.0% sek0876 99.4%
sek0476 100.0% sek0600 100.0% sek0877 100.0%
sek0477 100.0% sek0601 99.4% sek0879 99.4%
sek0478 99.4% sek0602 100.0% sek0880 100.0%
sek0479 100.0% sek0603 99.4% sek0881 100.0%
sek0480 98.8% sek0604 100.0% sek0883 100.0%
sek0481 100.0% sek0605 100.0% sek0885 100.0%
sek0482 100.0% sek0606 100.0% sek0886 100.0%
sek0483 100.0% sek0607 100.0% sek0887 100.0%
sek0484 100.0% sek0608 100.0% sek0888 100.0%
sek0485 100.0% sek0609 100.0% sek0889 100.0%
sek0486 100.0% sek0610 100.0% sek0890 100.0%
sek0487 99.4% sek0611 100.0% sek0892 100.0%
sek0488 99.4% sek0612 100.0% sek0894 100.0%
sek0489 100.0% sek0613 100.0% sek0895 100.0%
sek0490 100.0% sek0614 100.0% sek0896 100.0%
sek0491 97.1% sek0615 100.0% sek0897 100.0%
sek0492 100.0% sek0616 100.0% sek0900 100.0%
sek0493 98.8% sek0617 100.0% sek0901 100.0%
sek0494 100.0% sek0618 100.0% sek0902 100.0%
sek0495 100.0% sek0619 100.0% sek0903 100.0%
sek0496 100.0% sek0713 100.0% sek0904 100.0%
sek0497 100.0% sek0714 100.0% sek0905 100.0%
sek0498 100.0% sek0715 100.0% sek0906 100.0%
sek0499 100.0% sek0716 99.4% sek0907 100.0%
sek0500 99.4% sek0720 100.0% sek0908 100.0%
sek0501 99.4% sek0721 100.0% sek0909 100.0%
sek0502 100.0% sek0722 100.0% sek0911 99.4%
sek0503 99.4% sek0723 100.0% sek0912 100.0%
sek0504 98.8% sek0725 100.0%
sek0505 100.0% sek0726 100.0%
sek0506 100.0% sek0727 99.4%
sek0507 97.7% sek0729 100.0%
sek0508 100.0% sek0730 100.0%
sek0569 100.0% sek0834 100.0%
sek0571 99.4% sek0836 100.0%
sek0572 100.0% sek0837 100.0%
sek0573 99.4% sek0838 100.0%
sek0574 100.0% sek0839 100.0%
sek0575 99.4% sek0840 100.0%
sek0576 100.0% sek0845 100.0%
sek0577 100.0% sek0846 100.0%
sek0578 100.0% sek0847 100.0%
sek0579 100.0% sek0848 100.0%
sek0580 100.0% sek0850 100.0%
sek0581 100.0% sek0855 99.4%
sek0582 100.0% sek0856 100.0%
sek0583 100.0% sek0857 99.4%
sek0584 98.8% sek0858 100.0%
sek0585 100.0% sek0859 100.0%
sek0586 100.0% sek0860 99.4%
sek0587 100.0% sek0862 100.0%
sek0588 100.0% sek0863 100.0%
sek0589 100.0% sek0864 100.0%
sek0590 100.0% sek0865 100.0%
sek0591 100.0% sek0867 99.4%
sek0592 100.0% sek0868 100.0%
sek0593 100.0% sek0869 100.0%
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N Model Trait MAKER NAME CHR POS Call Rate MAF
1 Random BFT Hapmap48855—-BTA—-69221 1 33,799,177 100.0% 0.369
2 Random BFT Hapmap24136—BTA—-124014 1 55,673,837 100.0% 0.136
3 Fixed BFT ARS—BFGL-NGS—-24966 1 80,963,023 100.0% 0.100
4 Fixed BFT ARS—BFGL—-NGS—-96340 1 82,490,785 100.0% 0.397
5 Random BFT Hapmap39595—-BTA—-85742 2 39,098,749 99.7% 0.085
6 Fixed BFT ARS—BFGL-NGS—-24326 3 23,483,332 99.5% 0.086
7 Fixed BFT BTB—-00143051 3 95,181,289 100.0% 0.139
8 Random BFT BTA—-104512—no—rs 4 112,700,199 100.0% 0.198
9 Random BFT ARS—BFGL-NGS—-8401 5 76,428,730 100.0% 0.299
10 Bayes_B BFT BTA—-78066—no—rs 6 116,228,740 100.0% 0.138
11 Random BFT BTB-00986847 7 1,126,787 99.9% 0.097
12 Fixed BFT BTB-00987018 7 1,189,303 100.0% 0.049
13 Fixed BFT BTB-00310752 7 45,413,301 Fail .

14 Bayes_B BFT BTB-00431649 8 113,626,199 99.8% 0.255
15 Fixed BFT ARS—BFGL-NGS—-67833 10 21,266,128 99.7% 0.096
16 Random BET ARS—BFGL-NGS—-71570 10 41,340,063 Fail .

17 Random BFT Hapmap44798—BTA—-104292 11 74,869,821 99.8% 0.367
18 Fixed BFT Hapmap51188—BTA—-21659 12 35,903,917 100.0% 0.068
19 Fixed BFT BFGL-NGS—-111243 12 61,065,245 99.8% 0.257
20 Random BFT UA—-IFASA—2080 12 74,684,907 99.8% 0.162
21 Random BFT Hapmap50934—BTA—-32439 13 40,149,293 100.0% 0.351
22 Random BFT BTB-01186797 13 48,891,690 99.8% 0.166
23 Fixed BFT Hapmap25440—BTC—-053771 14 10,464,996 99.8% 0.387
24 Random BFT BFGL-NGS—-112072 15 31,500,839 Fail .

25 Random BFT BTA-36920—no—rs 15 42,474,074 100.0% 0.132
26 Random BFT BTB-00635702 16 31,495,633 99.5% 0.339
27 Random BFT ARS—BFGL-NGS—-13513 16 40,624,954 100.0% 0.438
28 Random BFT ARS—BFGL-NGS—-19797 19 26,213,497 100.0% 0.222
29 Random BFT BTB-00772171 20 10,063,422 99.7% 0.354
30 Fixed BFT BTA—-18321—no—rs 20 66,423,918 100.0% 0.431
31 Random BFT ARS—-BFGL-BAC-31757 20 70,705,603 99.0% 0.181
32 Random BFT Hapmap38611-BTA—-57967 24 36,033,657 99.6% 0.230
33 Bayes_B BFT ARS—BFGL-NGS—-24167 24 49,979,961 100.0% 0.172
34 Fixed BFT ARS—BFGL-NGS—-26452 25 39,228,497 99.9% 0.393
35 Random BFT BTA—-100341—no—rs 26 34,983,053 100.0% 0.421
36 Random BFT Hapmap25551 -BTA—-139364 27 28,158,398 99.9% 0.053
37 Fixed BFT ARS—BFGL-NGS—-39970 27 32,759,635 99.9% 0.352
38 Random BFT BTB-01008169 29 14,357,597 99.7% 0.268
39 Random BFT BTA—-65196—no—rs 29 28,186,926 100.0% 0.471
40 Fixed BFT BTA—-111991—no—rs 29 28,417,196 100.0% 0.042
41 Random BFT ARS—BFGL-NGS—-104120 29 39,150,999 99.9% 0.250
42 Random HCWT ARS—-BFGL-BAC-31500 1 79,937,590 100.0% 0.175
43 Bayes_B HCWT BTB—-00048035 1 108,181,537 99.3% 0.188
44 Random HCWT BTA-06866—-rs29021222 1 116,377,919 100.0% 0.086
45 Random HCWT ARS—BFGL-NGS—-25873 1 148,854,022 100.0% 0.122
46 Random HCWT Hapmap22957-BTA—-47431 2 42,831,814 99.9% 0.110
47 Bayes_B HCWT Hapmap45949—-BTA—-66899 3 24,817,742 100.0% 0.307
48 Fixed HCWT BTB-01535640 3 72,305,544 99.9% 0.442
49 Random HCWT BTB—-00145926 3 101,424,751 100.0% 0.470
50 Fixed HCWT Hapmap33068—BTA—-160954 5 18,775,860 100.0% 0.210
51 Random HCWT BFGL-NGS—-117294 5 24,275,405 100.0% 0.206
52 Bayes_B HCWT BTA-73718—no—rs 5 66,075,729 100.0% 0.073
53 Random HCWT Hapmap52961—rs29016208 5 74,226,162 100.0% 0.275
54 Bayes_B HCWT BTA-31193—no—rs 6 19,411,668 99.5% 0.354
55 Bayes_B HCWT BTA—-121735—no—rs 6 31,915,391 100.0% 0.156
56 Bayes_B HCWT BTB-00843812 6 55,293,700 100.0% 0.147
57 Fixed HCWT ARS—BFGL-NGS—-23616 6 55,506,267 100.0% 0.356
58 Bayes_B HCWT BTA-76499—no—rs 6 62,774,663 99.8% 0.242
59 Random HCWT BTB-01312166 6 65,708,017 99.9% 0.049
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60 Random HCWT ARS—BFGL-NGS—-41730 6 122,509,741 Fail .

61 Random HCWT BTB-00301426 7 29,194,445 100.0% 0.480
62 Random HCWT BTB—-01400946 7 44,535,244 99.7% 0.175
63 Fixed HCWT ARS—BFGL-NGS—-4768 7 57,508,231 100.0% 0.216
64 Fixed HCWT Hapmap40463—-BTA—-79519 7 60,521,808 100.0% 0.075
65 Random HCWT BTB-01273492 7 78,559,259 99.9% 0.375
66 Random HCWT Hapmap39122—-BTA—-91625 9 5,992,605 99.7% 0.438
67 Fixed HCWT ARS—BFGL-NGS—-71599 9 66,107,036 Fail .

68 Bayes_B HCWT ARS—BFGL-NGS—-21248 10 8,208,480 99.6% 0.274
69 Fixed HCWT BTA—-68192—no—rs 10 49,031,849 100.0% 0.117
70 Fixed HCWT BTA—-100668—no—rs 10 68,586,181 100.0% 0.219
71 Random HCWT BFGL-NGS—114957 13 76,326,512 100.0% 0.327
72 Random HCWT Hapmap24966—BTC—-054594 14 24,199,226 99.8% 0.293
73 Fixed HCWT BTB-01280026 14 25,170,557 100.0% 0.100
74 Random HCWT UA—-IFASA—1789 14 32,977,353 99.8% 0.402
75 Fixed HCWT BTB—-01640837 14 36,095,273 100.0% 0.393
76 Fixed HCWT Hapmap23111-BTC-012395 14 51,494,004 100.0% 0.124
77 Fixed HCWT ARS—BFGL-NGS—-102395 15 77,837,175 100.0% 0.443
78 Fixed HCWT ARS—BFGL-NGS—-59831 16 33,037,337 99.9% 0.471
79 Fixed HCWT BTB-00652140 16 53,663,332 99.8% 0.085
80 Fixed HCWT ARS—BFGL-NGS—-22403 16 62,016,376 100.0% 0.252
81 Bayes_B HCWT Hapmap41258—BTA—-41381 17 61,097,348 100.0% 0.313
82 Random HCWT ARS—BFGL—-NGS—-39866 18 18,183,364 100.0% 0.396
83 Random HCWT ARS—BFGL-NGS—-62218 18 46,707,053 Fail .

84 Random HCWT BFGL-NGS—-119721 20 22,886,823 100.0% 0.112
85 Bayes_B HCWT Hapmap33736—BTA—-163613 21 39,290,111 99.8% 0.346
86 Fixed HCWT Hapmap43190—-BTA—-16332 21 44,201,492 100.0% 0.312
87 Random HCWT ARS—-BFGL-NGS—-41013 22 52,979,972 100.0% 0.256
88 Random HCWT ARS—BFGL—-NGS—-68645 22 58,959,545 100.0% 0.093
89 Fixed HCWT UA—-IFASA—8948 23 46,324,820 100.0% 0.451
90 Bayes_B HCWT ARS—BFGL—-NGS—88403 25 36,159,444 100.0% 0.071
91 Bayes_B HCWT BTB-00939306 26 33,620,683 98.0% 0.480
92 Random HCWT ARS—BFGL-NGS—-102382 27 27,098,146 100.0% 0.219
93 Fixed HCWT BFGL-NGS—-114518 28 40,462,756 100.0% 0.183
94 Bayes_B HCWT Hapmap40017-BTA—-65421 29 33,632,380 99.7% 0.031
95 Random LEA ARS—BFGL-NGS—-34353 1 40,931,076 100.0% 0.066
96 Fixed LEA BTB-00021776 1 49,267,473 99.6% 0.075
97 Bayes_B LEA Hapmap42952—BTA—-48143 1 95,518,232 100.0% 0.474
98 Fixed LEA BTA—-121216—no—rs 2 26,529,985 100.0% 0.367
99 Random Lea ARS—BFGL-NGS—-80431 2 72,596,096 99.9% 0.221
100 Fixed LEA Hapmap27208—BTA—-157501 3 76,469,248 100.0% 0.444
101 Bayes_B LEA BTB-01168059 3 84,391,517 100.0% 0.374
102 Random LEA ARS—BFGL-NGS—-11769 3 92,297,184 99.9% 0.142
103 Random LEA Hapmap36465—SCAFFOLD163794_561 3 101,449,660 100.0% 0.184
104 Bayes_B LEA Hapmap49426—BTA—-107052 4 27,108,524 100.0% 0.451
105 Bayes_B LEA ARS—BFGL-NGS—-97941 4 45,991,114 99.8% 0.189
106 Fixed LEA BTB-01721944 4 46,072,692 Fail .

107 Random LEA ARS—BFGL-NGS—-43407 5 110,911,478 99.9% 0.449
108 Random LEA ARS—BFGL-NGS—-105242 6 100,874,084 100.0% 0.168
109 Bayes_B LEA BTB-01096127 6 101,411,125 Fail .

110 Random LEA ARS—BFGL-NGS—-69648 6 110,492,191 100.0% 0.296
111 Random LEA BTB—-00302618 7 28,327,690 100.0% 0.211
112 Bayes_B LEA BTB—-00317489 7 64,536,896 100.0% 0.305
113 Random LEA BTB-01269021 7 75,830,004 100.0% 0.144
114 Fixed LEA Hapmap53914—rs29021936 8 21,215,935 100.0% 0.237
115 Fixed LEA BTB-01837292 9 1,463,198 100.0% 0.148
116 Bayes_B LEA BTB-00384802 9 35,216,259 99.9% 0.230
117 Bayes_B LEA BTA—-84365—no—rs 9 82,321,186 100.0% 0.307
118 Random LEA ARS—BFGL-NGS—-66951 9 101,872,443 100.0% 0.092
119 Random LEA BTB—-00426704 10 50,112,936 99.9% 0.087
120 Fixed LEA ARS—BFGL-NGS—-32379 10 82,876,725 100.0% 0.444
121 Bayes_B LEA BTB—-01468914 11 31,445,193 100.0% 0.487
122 Bayes_B LEA ARS—-BFGL-NGS—-21607 11 100,481,883 100.0% 0.070
123 Fixed LEA ARS—BFGL-NGS—-22794 12 27,907,563 100.0% 0.445
124 Random LEA Hapmap24385—-BTA—-163189 12 50,289,293 100.0% 0.224
125 Random LEA ARS—BFGL-NGS—-26028 14 21,080,793 100.0% 0.344
126 Bayes_B LEA Hapmap60878—rs29012474 15 52,710,098 100.0% 0.464
127 Bayes_B LEA BTB-01082458 17 16,772,807 99.7% 0.158
128 Fixed LEA ARS—BFGL-NGS—-17494 17 18,044,557 100.0% 0.071
129 Fixed LEA ARS—BFGL-NGS—14442 18 9,684,917 99.9% 0.041
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130 Random LEA BTA—-42606—no—rs 18 18,746,752 100.0% 0.218
131 Bayes_B LEA UA—-IFASA—5783 19 14,495,715 99.8% 0.257
132 Random LEA Hapmap40434—BTA—-45533 19 46,157,261 100.0% 0.384
133 Random LEA Hapmap53674—rs29025319 20 8,676,696 99.8% 0.122
134 Fixed LEA ARS—-BFGL—-NGS—-38569 20 57,693,263 100.0% 0.218
135 Random LEA ARS—BFGL—-NGS—-55520 21 29,076,315 100.0% 0.368
136 Fixed LEA BTB-01107683 21 29,363,186 100.0% 0.337
137 Random LEA ARS—BFGL—-NGS—-23687 23 8,099,369 99.5% 0.262
138 Random LEA ARS—BFGL-BAC—-42839 24 3,761,377 99.7% 0.364
139 Random LEA ARS—BFGL-NGS—-35298 24 13,445,705 100.0% 0.297
140 Random LEA ARS—BFGL-NGS—-106450 24 22,028,142 99.8% 0.402
141 Random LEA BTA—-100770—no—rs 24 40,446,177 Fail

142 Fixed LEA ARS—BFGL-NGS—-16328 26 18,231,319 Fail .
143 Bayes_B LEA ARS—BFGL—-NGS—38894 26 25,269,449 100.0% 0.125
144 Random Marb BTB—-00037084 1 87,457,261 100.0% 0.311
145 Random Marb BTA—-43345—no—rs 1 99,506,676 100.0% 0.471
146 Fixed Marb ARS—BFGL-NGS—-100540 2 3,903,007 98.2% 0.239
147 Fixed Marb ARS—BFGL-NGS—-50482 2 63,739,826 Fail .
148 Random Marb BFGL-NGS—-117383 2 63,905,821 100.0% 0.250
149 Fixed Marb ARS—BFGL-NGS—-102388 3 20,000,610 100.0% 0.120
150 Random Marb INRA—-565 3 23,933,162 100.0% 0.238
151 Fixed Marb BTA—-90312—no—rs 3 32,807,638 Fail .
152 Bayes_B Marb BTB-00160676 3 122,951,391 99.9% 0.216
153 Bayes_B Marb ARS—BFGL-NGS—41558 3 123,148,964 99.7% 0.110
154 Random Marb BTB-01420058 4 30,314,124 100.0% 0.285
155 Fixed Marb BTB-01507733 5 8,543,656 Fail

156 Random Marb Hapmap28023—BTC—-060518 6 88,350,096 Fail .
157 Bayes_B Marb ARS—BFGL-NGS—-28660 7 4,130,299 99.8% 0.197
158 Fixed Marb BTB—-00317097 7 65,652,720 99.8% 0.293
159 Random Marb Hapmap38787—-BTA—-84605 9 89,179,019 100.0% 0.500
160 Random Marb ARS—BFGL-NGS—-10383 10 47,283,343 99.8% 0.234
161 Random Marb ARS—BFGL-NGS—-31807 10 63,139,835 100.0% 0.284
162 Bayes_B Marb ARS—BFGL-NGS—-35190 10 104,193,801 99.9% 0.448
163 Random Marb ARS—BFGL-NGS—-21703 11 7,628,440 Fail

164 Random Marb ARS—BFGL-NGS—-36344 11 95,264,159 Fail .
165 Bayes_B Marb ARS—BFGL-NGS—-80012 12 19,931,659 100.0% 0.131
166 Bayes_B Marb BFGL-NGS—116369 12 83,382,732 Fail .
167 Fixed Marb ARS—BFGL-BAC—-869 13 23,814,812 100.0% 0.059
168 Random Marb ARS—BFGL-NGS—-11198 13 38,637,266 99.9% 0.055
169 Random Marb ARS—BFGL—-NGS—-24766 13 46,302,085 99.8% 0.251
170 Random Marb ARS—BFGL-NGS—-73404 13 54,520,958 100.0% 0.090
171 Random Marb ARS—BFGL-NGS—-17362 15 74,403,614 99.8% 0.226
172 Fixed Marb Hapmap26379—BTA—-130999 16 51,370,098 99.9% 0.362
173 Fixed Marb ARS—BFGL-NGS—-73708 18 7,075,230 99.8% 0.378
174 Fixed Marb Hapmap36420—SCAFFOLD190338_7279 18 55,488,400 100.0% 0.313
175 Random Marb BFGL-NGS—-112910 24 47,866,817 Fail .
176 Fixed Marb Hapmap46894—BTA—-89312 26 12,496,998 100.0% 0.278
177 Fixed Marb BTA—-61647—no—rs 26 42,127,980 100.0% 0.139
178 Fixed Marb ARS—BFGL-NGS—-72819 27 42,606,662 Fail .
179 Random Marb UA—-JFASA—8888 29 31,763,987 100.0% 0.410
180 Fixed Marb BTA—-65463—no—rs 29 31,816,218 99.9% 0.086
181 Random QG BTB-01651634 4 49,466,354 99.8% 0.494
182 Fixed QG BFGL-NGS—-116673 7 88,679,092 99.3% 0.082
183 Random QG BTA—-66275—no—rs 10 39,819,291 100.0% 0.457
184 Random QG BTB-01099836 12 8,917,626 100.0% 0.178
185 Random QG UA—-IFASA—2256 12 73,401,994 99.9% 0.440
186 Fixed QG BFGL-NGS—-112325 12 73,441,493 100.0% 0.444
187 Fixed QG ARS—BFGL-NGS—-56654 13 10,185,777 100.0% 0.251
188 Fixed QG ARS—BFGL-NGS—-14592 13 56,803,006 99.9% 0.114
189 Random QG ARS—BFGL-NGS—28898 14 19,576,550 99.6% 0.200
190 Fixed QG ARS—BFGL-BAC—-33692 20 46,253,140 100.0% 0.317
191 Random QG ARS—BFGL-NGS—-74728 22 8,296,322 100.0% 0.079
192 Fixed QG Hapmap36138—SCAFFOLD96069_11607 23 6,896,529 100.0% 0.218
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O A1 sgAe EHA3E Z&) AHE 96712] SNP contents 5 27§2] SNP7} assay fail
Z FgelEglon, HF AES 98 o] 2 SNP= LD 5% 3#i3dte] t}E SNP contents &

aL A of &k

<3 3-4-10>. 2%} validationS 3] A=EE 96 SNP2| genotyping assay 23

Index Name Chr Position Minor Freq HW Equil
1 seq-ARS-BFGL-NGS-31807 10 63139835 0.265 0.79
2 seq-BFGL-NGS-114870 15 29008081 0.4362 0.8371
3 seq-BTB-00986847 7 1126787 0.1125 0.1147
4 seq-Hapmap46848-BTA-60788 26 20312810 0.4155 0.1604
5 seq-Hapmap27208-BTA-157501 3 76469248 0.4802 0.7318
6 seq-ARS-BFGL-NGS-23687 23 8099369 0.2572 0.2934
7 seq-INRA-565 3 23933162 0.2273 0.6145
8 seq-Hapmap53914-rs29021936 8 21215935 0.2639 0.405
9 seq-ARS-BFGL-NGS-39970 27 32759635 0.3807 0.4417
10 seq-BTB-01837292 9 1463198 0.1401 0.9235
11 seq-ARS-BFGL-NGS-65062 6 121357123 0.4679 0.4089
12 seq-BTB-01280026 14 25170557 0.1176 0.9852
13 seq-Hapmap59023-rs29022215 9 70552067 0.4818 0.1929
14 seq-BTB-01535640 3 72305544 0.4209 0.0259
15 seq-BTB-00416489 10 32359100 0.4084 0.9552
16 seq-ARS-BFGL-NGS-80012 12 19931659 0.1449 0.5329
17 seq-ARS-BFGL-NGS-91848 6 19660701 0.3947 0.7192
18 seq-BTB-00987018 7 1189303 0.062 0.377
19 seq-ARS-BFGL-NGS-35298 24 13445705 0.3031 0.1354

20 seq-ARS-BFGL-BAC-31757 20 70705603 0.1631 0.3124
21 seq-BFGL-NGS-111424 2 139493013 0.2082 0.7654
22 seq-Hapmap46894-BTA-89312 26 12496998 0.3089 0.6332
23 seq-ARS-BFGL-NGS-43407 5 110911478 0.4289 0.2306
24 seq-ARS-BFGL-NGS-35190 10 104193801 0.4545 0.5812
25 seq-ARS-BFGL-NGS-21607 11 100481883 0.0749 0.9081
26 seq-ARS-BFGL-NGS-80431 2 72596096 0.2575 0.0171
27 seq-ARS-BFGL-NGS-104278 4 82322976 0.2401 0.7329
28 seq-ARS-BFGL-NGS-67833 10 21266128 Fail Fail

29 seq-Hapmap36420-SCAFFOLD190338 7279 18 55488400 Fail Fail

30 seq-ARS-BFGL-NGS-84417 7 45559923 0.1594 0.1996
31 seq-BTB-00021776 1 49267473 0.0634 0.8871
32 seq-BTB-00843812 6 55293700 0.129 0.8737
33 seq-BTA-78066-no-rs 6 116228740 0.1467 0.1999
34 seq-BTA-100341-no-rs 26 34983053 0.4031 0.9749
35 seq-BTB-00652140 16 53663332 0.0947 0.5364
36 seq-BTA-61647-no-rs 26 42127980 0.1499 0.9969
37 seq-ARS-BFGL-NGS-28660 7 4130299 0.2476 0.4485
38 seq-ARS-BFGL-NGS-26452 25 39228497 0.4312 0.138
39 seq-BTB-01107683 21 29363186 0.3187 0.7607
40 seq-BTB-01640837 14 36095273 0.3979 0.6826
41 seq-BFGL-NGS-117383 2 63905821 0.2193 0.4387
42 seq-BFGL-NGS-111243 12 61065245 0.2562 0.0194
43 seq-ARS-BFGL-NGS-4768 7 57508231 0.2262 0.1811
44 seq-BTB-01312166 6 65708017 0.0371 0.5846
45 seq-BTB-00037084 1 87457261 0.2706 0.1139
46 seq-Hapmap44798-BTA-104292 11 74869821 0.3471 0.6258
47 seq-ARS-BFGL-NGS-24167 24 49979961 0.179 0.0425
48 seq-ARS-BFGL-NGS-22794 12 27907563 0.4642 0.1654
49 seq-BTA-18321-no-rs 20 66423918 0.4376 0.0437
50 seq-BTA-65463-no-rs 29 31816218 0.1097 0.5579
51 seq-ARS-BFGL-NGS-8401 5 76428730 0.3305 0.8687
52 seq-ARS-BFGL-NGS-55520 21 29076315 0.3464 0.4741
53 seq-Hapmap23111-BTC-012395 14 51494004 0.1132 0.5023
54 seq-Hapmap25440-BTC-053771 14 10464996 0.3462 0.3238
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55 seq-BTB-00927181 26 18624183 0.4829 0.4689
56 seq-BFGL-NGS-110586 3 105007296 0.433 0.8873
57 seq-BTB-00995659 28 45898513 0.4599 0.0447
58 seq-ARS-BFGL-NGS-26028 14 21080793 0.3845 0.2253
59 seq-ARS-BFGL-NGS-62454 17 67951275 0.361 03813
60 seq-Hapmap48855-BTA-69221 1 33799177 0369 0.6431
61 seq-ARS-BFGL-NGS- 17494 17 18044557 0.0829 0.1254
62 seq-BFGL-NGS-115680 13 44993079 0.4277 0.7767
63 seq-BTB-01527489 6 49080811 0.0807 0.6306
64 seq-ARS-BFGL-NGS-7472 1 124253359 0.4486 02321
65 seq-ARS-BFGL-NGS-59831 16 33037337 0.485 0.7975
66 seq-Hapmap26379-BTA-130999 16 51370098 0.3535 0.7555
67 seq-Hapmap53674-rs29025319 20 8676696 0.1106 0.2585
68 seq-BTB-00143051 3 95181289 0.1332 0.9048
69 seq-BFGL-NGS-116673 7 88679092 0.0797 0.1739
70 seq-ARS-BFGL-NGS-32379 10 82876725 0.4332 0.7319
71 seq-Hapmap40463-BTA-79519 7 60521808 0.0744 03882
72 seq-ARS-BFGL-BAC-35318 16 62995331 0.4872 0.9058
73 seq-ARS-BFGL-NGS-2229 3 121786597 0.0995 0.4121
74 seq-BTA-90292-no-rs 2 90639723 0.4984 0.492
75 seq-BTA-104512-n0-rs 4 112700199 02112 0.6542
76 seq-BTB-01273492 7 78559259 0.3658 0.5637
77 seq-BTB-00648332 16 51394400 0.4304 0.9975
78 seq-Hapmap39595-BTA-85742 2 39098749 0.0695 0.795
79 seq-BTB-00635702 16 31495633 0.3169 0.4325
80 seq-UA-IFASA-8948 23 46324820 0.4481 0.6416
81 seq-BTB-00317097 7 65652720 0.2931 0.0192
82 seq-BTB-00301426 7 29194445 0.4791 02743
83 seq-BTA-68192-n0-rs 10 49031849 0.1062 0.8588
84 seq-Hapmap33068-BTA-160954 5 18775860 0.2102 0.7372
85 seq-ARS-BFGL-NGS-102388 20000610 0.1176 0.5169
86 seq-BFGL-NGS-114518 28 40462756 0.1999 0.169
87 seq-Hapmap25798-BTA-126388 11 34208674 0.3214 0.5727
88 seq-ARS-BFGL-NGS-26771 1 69528623 0.3555 0.2525
89 seq-Hapmap39219-BTA-31890 13 22692474 0.3936 0.0579
90 seq-BTB-00384802 9 35216259 0.2238 0.4779
91 5eq-BTA-06866-r529021222 1 116377919 0.0979 0.7242
92 seq-BTA-100668-n0-rs 10 68586181 0.2278 0.518
93 seq-BTB-01454391 13 34018752 0.1008 0.5811
94 5¢q-ARS-BFGL-NGS-41558 3 123148964 0.0941 0.209
95 seq-BTA-121216-n0-rs 2 26529985 0.3501 0.026
96 seq-Hapmap24136-BTA-124014 1 55673837 0.1567 0.0853
O Genotyping assay”’} 433+ 94712 SNP2] MAF ¥I=E Ay, 10% #|wo] 13.8%,

O
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<3 3-4-11>. 2%z} validation A]E¢] call rate

Sample Call N Sample Call N Sample Call N Sample Call

N ID Rate ID Rate ID Rate ID Rate

1 KPN735 | 100.0% 64 KPN797 | 100.0% 127 94618 100.0% 190 94648 100.0%
2 KPN760 | 100.0% 65 94503 100.0% 128 94627 100.0% 191 94658 100.0%
3 KPN776 | 100.0% 66 94511 100.0% 129 94635 100.0% 192 94666 98.9%
4 KPN784 | 100.0% 67 94519 100.0% 130 94643 100.0% 193 94667 100.0%
5 KPN824 | 100.0% 68 94527 98.9% 131 94651 100.0% 194 94676 100.0%
6 94506 98.9% 69 94535 100.0% 132 94661 100.0% 195 94684 100.0%
7 94514 100.0% 70 94543 100.0% 133 94565 100.0% 196 104002 100.0%
8 94522 100.0% 71 94551 100.0% 134 94573 100.0% 197 104010 100.0%
9 94530 100.0% 72 94559 100.0% 135 94581 100.0% 198 104019 100.0%
10 94538 100.0% 73 KPN756 | 100.0% 136 94590 100.0% 199 104028 98.9%
11 94546 100.0% 74 KPN774 | 100.0% 137 94598 100.0% 200 104036 100.0%
12 94554 100.0% 75 KPN782 | 100.0% 138 94606 100.0% 201 104044 100.0%
13 KPN739 | 100.0% 76 KPN802 | 100.0% 139 94619 100.0% 202 104052 97.9%
14 KPN764 | 100.0% 77 94504 100.0% 140 94628 100.0% 203 104061 100.0%
15 KPN777 | 100.0% 78 94512 98.9% 141 94636 100.0% 204 104070 100.0%
16 KPN786 | 100.0% 79 94520 100.0% 142 94644 100.0% 205 94668 98.9%
17 KPN829 | 100.0% 80 94528 100.0% 143 94652 100.0% 206 94677 100.0%
18 94507 100.0% 81 94536 100.0% 144 94662 100.0% 207 94685 100.0%
19 94515 100.0% 82 94544 100.0% 145 94566 98.9% 208 104003 100.0%
20 94523 100.0% 83 94552 100.0% 146 94574 100.0% 209 104011 100.0%
21 94531 100.0% 84 94560 100.0% 147 94582 100.0% 210 104020 100.0%
22 94539 98.9% 85 KPN758 | 100.0% 148 94591 100.0% 211 104029 100.0%
23 94547 100.0% 86 KPN775 | 100.0% 149 94599 100.0% 212 104037 100.0%
24 94555 100.0% 87 KPN783 | 100.0% 150 94607 100.0% 213 104045 100.0%
25 KPN740 | 100.0% 88 KPN822 | 100.0% 151 94621 100.0% 214 104053 100.0%
26 KPN765 | 100.0% 89 94505 100.0% 152 94629 100.0% 215 104062 100.0%
27 KPN778 | 100.0% 90 94513 100.0% 153 94637 98.9% 216 104071 98.9%
28 KPN789 | 100.0% 91 94521 100.0% 154 94645 100.0% 217 94670 100.0%
29 KPN830 | 100.0% 92 94529 100.0% 155 94655 100.0% 218 94678 100.0%
30 94508 100.0% 93 94537 100.0% 156 94663 100.0% 219 94686 100.0%
31 94516 100.0% 94 94545 100.0% 157 94567 100.0% 220 104004 100.0%
32 94524 100.0% 95 94553 100.0% 158 94575 100.0% 221 104013 100.0%
33 94532 100.0% 96 94561 100.0% 159 94583 100.0% 222 104021 98.9%
34 94540 100.0% 97 94562 100.0% 160 94592 98.9% 223 104030 100.0%
35 94548 100.0% 98 94570 100.0% 161 94600 100.0% 224 104038 100.0%
36 94556 100.0% 99 94578 100.0% 162 94608 100.0% 225 104046 100.0%
37 KPN744 | 100.0% 100 94586 100.0% 163 94622 100.0% 226 104054 100.0%
38 KPN770 | 100.0% 101 94595 98.9% 164 94630 100.0% 227 104063 100.0%
39 KPN779 | 100.0% 102 94603 100.0% 165 94638 100.0% 228 104072 100.0%
40 KPN791 100.0% 103 94616 100.0% 166 94646 100.0% 229 94671 100.0%
41 94501 100.0% 104 94625 98.9% 167 94656 100.0% 230 94679 100.0%
42 94509 100.0% 105 94633 98.9% 168 94664 100.0% 231 94687 100.0%
43 94517 100.0% 106 94641 100.0% 169 94568 100.0% 232 104005 100.0%
44 94525 100.0% 107 94649 100.0% 170 94576 100.0% 233 104014 100.0%
45 94533 100.0% 108 94659 100.0% 171 94584 100.0% 234 104022 98.9%
46 94541 100.0% 109 94563 100.0% 172 94593 100.0% 235 104031 100.0%
47 94549 100.0% 110 94571 100.0% 173 94601 100.0% 236 104039 100.0%
48 94557 100.0% 111 94579 100.0% 174 94612 100.0% 237 104047 100.0%
49 KPN746 | 100.0% 112 94587 100.0% 175 94623 100.0% 238 104055 98.9%
50 KPN772 Fail 113 94596 100.0% 176 94631 100.0% 239 104064 100.0%
51 KPN780 | 100.0% 114 94604 100.0% 177 94639 100.0% 240 104073 100.0%
52 KPN792 | 100.0% 115 94617 100.0% 178 94647 100.0% 241 94672 100.0%
53 94502 100.0% 116 94626 100.0% 179 94657 100.0% 242 94680 100.0%
54 94510 100.0% 117 94634 100.0% 180 94665 100.0% 243 94688 97.9%
55 94518 100.0% 118 94642 100.0% 181 94569 100.0% 244 104006 100.0%
56 94526 100.0% 119 94650 100.0% 182 94577 100.0% 245 104015 100.0%
57 94534 100.0% 120 94660 100.0% 183 94585 100.0% 246 104023 100.0%
58 94542 100.0% 121 94564 100.0% 184 94594 98.9% 247 104032 100.0%
59 94550 100.0% 122 94572 100.0% 185 94602 100.0% 248 104040 100.0%
60 94558 100.0% 123 94580 100.0% 186 94615 100.0% 249 104048 100.0%
61 KPN755 | 100.0% 124 94589 100.0% 187 94624 100.0% 250 104056 98.9%
62 KPN773 | 100.0% 125 94597 100.0% 188 94632 100.0% 251 104065 100.0%
63 KPN781 100.0% 126 94605 98.9% 189 94640 100.0% 252 104074 100.0%
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Sample Call Sample Call Call Call
N N N Sample ID N Sample ID
1D Rate 1D Rate Rate Rate
253 94673 100.0% 316 104104 98.9% 379 104133 100.0% 442 hnpl14_077 | 100.0%
254 94681 100.0% 317 104112 100.0% 380 104141 100.0% 443 hnpl14_085 | 100.0%
255 94689 100.0% 318 104120 100.0% 381 104149 100.0% 444 hnpl14_093 | 100.0%
256 104007 100.0% 319 104128 100.0% 382 104157 98.9% 445 hnpl14_006 98.9%
257 104016 98.9% 320 104136 100.0% 383 104165 98.9% 446 hnpl4_014 | 100.0%
258 104024 100.0% 321 104144 100.0% 384 K3623 100.0% 447 hnpl4_022 | 100.0%
259 104033 100.0% 322 104152 100.0% 385 hnpl4_160 | 100.0% 448 hnp14_030 98.9%
260 104041 100.0% 323 104160 100.0% 386 hnpl14_009 | 100.0% 449 hnpl14_038 | 100.0%
261 104049 100.0% 324 104168 100.0% 387 hnpl4_162 | 100.0% 450 hnpl4_046 98.9%
262 104057 100.0% 325 104081 100.0% 388 hnpl14_025 | 100.0% 451 hnpl4_054 | 100.0%
263 104066 100.0% 326 104089 100.0% 389 hnpl14_033 | 100.0% 452 hnpl4_062 97.9%
264 104075 100.0% 327 104097 100.0% 390 hnpl4_041 100.0% 453 hnpl14_070 | 100.0%
265 94674 100.0% 328 104105 100.0% 391 hnpl14_049 | 100.0% 454 hnpl14_078 | 100.0%
266 94682 100.0% 329 104113 100.0% 392 hnpl4_057 | 100.0% 455 hnpl14_086 | 100.0%
267 94690 100.0% 330 104121 100.0% 393 hnpl14_065 | 100.0% 456 hnpl14_094 | 100.0%
268 104008 100.0% 331 104129 100.0% 394 hnpl14_073 | 100.0% 457 hnpl14_007 | 100.0%
269 104017 98.9% 332 104137 100.0% 395 hnpl4_081 100.0% 458 hnpl4_015 | 100.0%
270 104025 100.0% 333 104145 100.0% 396 hnpl14_089 | 100.0% 459 hnpl4_023 | 100.0%
271 104034 100.0% 334 104153 100.0% 397 hnpl14_002 | 100.0% 460 hnpl4_031 100.0%
272 104042 100.0% 335 104161 100.0% 398 hnpl14_010 | 100.0% 461 hnpl14_039 | 100.0%
273 104050 100.0% 336 104169 100.0% 399 hnpl4_018 | 100.0% 462 hnpl14_047 | 100.0%
274 104059 100.0% 337 104082 100.0% 400 hnpl14_026 | 100.0% 463 hnpl4_055 | 100.0%
275 104067 100.0% 338 104090 100.0% 401 hnpl14_034 | 100.0% 464 hnpl4_063 | 100.0%
276 104076 100.0% 339 104098 100.0% 402 hnpl4_042 97.9% 465 hnpl4_071 100.0%
277 94675 100.0% 340 104106 100.0% 403 hnpl14_050 | 100.0% 466 hnpl14_079 | 100.0%
278 94683 100.0% 341 104114 100.0% 404 hnpl4_058 | 100.0% 467 hnpl14_087 | 100.0%
279 104001 100.0% 342 104122 100.0% 405 hnpl14_066 | 100.0% 468 hnpl14_095 | 100.0%
280 104009 100.0% 343 104130 100.0% 406 hnpl14_074 | 100.0% 469 hnpl14_008 Fail
281 104018 100.0% 344 104138 100.0% 407 hnpl4_082 98.9% 470 hnpl14_016 | 100.0%
282 104026 100.0% 345 104146 100.0% 408 hnp14_090 98.9% 471 hnpl4_024 | 100.0%
283 104035 100.0% 346 104154 98.9% 409 hnpl4_161 100.0% 472 hnpl14_032 | 100.0%
284 104043 98.9% 347 104162 100.0% 410 hnpl4_011 100.0% 473 hnpl14_040 | 100.0%
285 104051 100.0% 348 104170 100.0% 411 hnpl14_019 | 100.0% 474 hnpl14_048 | 100.0%
286 104060 100.0% 349 104083 98.9% 412 hnpl14_027 | 100.0% 475 hnpl4_056 | 100.0%
287 104068 100.0% 350 104091 100.0% 413 hnpl14_035 | 100.0% 476 hnpl4_064 | 100.0%
288 104077 100.0% 351 104099 98.9% 414 hnpl14_043 | 100.0% 477 hnpl14_072 | 100.0%
289 104078 100.0% 352 104107 98.9% 415 hnpl4_051 100.0% 478 hnpl14_080 | 100.0%
290 104086 100.0% 353 104115 100.0% 416 hnpl14_059 | 100.0% 479 hnpl14_088 | 100.0%
291 104094 100.0% 354 104123 100.0% 417 hnpl14_067 | 100.0% 480 hnpl14_096 | 100.0%
292 104102 100.0% 355 104131 100.0% 418 hnpl14_075 | 100.0% 481 hnpl14_097 | 100.0%
293 104110 100.0% 356 104139 100.0% 419 hnpl14_083 | 100.0% 482 hnpl4_105 | 100.0%
294 104118 100.0% 357 104147 100.0% 420 hnpl4_091 100.0% 483 hnpl4_113 | 100.0%
295 104126 100.0% 358 104155 100.0% 421 hnpl14_004 | 100.0% 484 hnpl4_121 98.9%
296 104134 100.0% 359 104163 100.0% 422 hnpl4_012 98.9% 485 hnpl4_165 | 100.0%
297 104142 100.0% 360 K3620 100.0% 423 hnpl14_020 98.9% 486 hnpl4_137 | 100.0%
298 104150 100.0% 361 104084 100.0% 424 hnpl4_164 | 100.0% 487 hnpl4_145 | 100.0%
299 104158 100.0% 362 104092 100.0% 425 hnpl4_036 98.9% 488 hnpl4_153 | 100.0%
300 104166 100.0% 363 104100 98.9% 426 hnpl4_044 | 100.0% 489 B1164 100.0%
301 104079 100.0% 364 104108 100.0% 427 hnpl4_052 | 100.0% 490 B1188 Fail
302 104087 98.9% 365 104116 100.0% 428 hnpl14_060 | 100.0% 491 B1205 100.0%
303 104095 100.0% 366 104124 100.0% 429 hnpl4_068 98.9% 492 B1229 100.0%
304 104103 100.0% 367 104132 100.0% 430 hnpl14_076 | 100.0% 493 hnpl14_098 | 100.0%
305 104111 100.0% 368 104140 100.0% 431 hnpl14_084 | 100.0% 494 hnpl4_106 Fail
306 104119 100.0% 369 104148 100.0% 432 hnpl4_092 98.9% 495 hnpl4_114 | 100.0%
307 104127 100.0% 370 104156 100.0% 433 hnpl14_005 | 100.0% 496 hnpl4_122 98.9%
308 104135 100.0% 371 104164 100.0% 434 hnpl4_013 | 100.0% 497 hnpl14_130 | 100.0%
309 104143 97.9% 372 K3622 100.0% 435 hnpl4_021 100.0% 498 hnpl4_138 | 100.0%
310 104151 100.0% 373 104085 100.0% 436 hnpl14_029 98.9% 499 hnpl4_146 | 100.0%
311 104159 100.0% 374 104093 100.0% 437 hnpl14_037 | 100.0% 500 hnpl4_154 | 100.0%
312 104167 100.0% 375 104101 100.0% 438 hnpl14_045 | 100.0% 501 B1170 100.0%
313 104080 100.0% 376 104109 100.0% 439 hnpl4_053 | 100.0% 502 B1192 Fail
314 104088 100.0% 377 104117 100.0% 440 hnpl4_061 100.0% 503 B1211 100.0%
315 104096 100.0% 378 104125 100.0% 441 hnpl14_069 | 100.0% 504 B1244 100.0%
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Call Call Call
N Sample ID N Sample ID N Sample ID Call Rate N Sample ID

Rate Rate Rate
505 hnp14_099 100.0% 568 hnpl4_128 100.0% 631 K3711 100.0% 694 B1339 98.9%
506 hnpl4_107 100.0% 569 hnpl4_136 100.0% 632 B1019 100.0% 695 B1352 100.0%
507 hnpl4_115 100.0% 570 hnpl4_144 100.0% 633 B1027 100.0% 696 B1367 Fail
508 hnpl4_123 100.0% 571 hnpl4_152 100.0% 634 B1035 100.0% 697 B1060 100.0%
509 hnpl4_131 100.0% 572 B1153 100.0% 635 B1043 100.0% 698 B1071 100.0%
510 hnpl4_139 100.0% 573 B1185 100.0% 636 K3753 Fail 699 B1090 100.0%
511 hnpl4_147 100.0% 574 B1204 100.0% 637 B0964 100.0% 700 B1113 100.0%
512 hnpl4_168 100.0% 575 B1228 100.0% 638 B0972 100.0% 701 B1130 100.0%
513 B1171 100.0% 576 K3648 98.9% 639 B0980 100.0% 702 B1254 100.0%
514 B1199 100.0% 577 B0959 100.0% 640 B0988 100.0% 703 B1285 100.0%
515 B1212 98.9% 578 K3660 100.0% 641 K3686 100.0% 704 B1310 100.0%
516 K3624 100.0% 579 K3666 100.0% 642 K3700 Fail 705 B1328 100.0%
517 hnp14_100 100.0% 580 K3680 100.0% 643 B1012 100.0% 706 B1340 100.0%
518 hnpl14_108 100.0% 5381 K3682 100.0% 644 B1020 100.0% 707 B1354 98.9%
519 hnpl4_116 100.0% 582 B0999 100.0% 645 K3728 100.0% 708 B1368 100.0%
520 hnpl4_124 100.0% 583 K3705 100.0% 646 B1036 100.0% 709 B1061 100.0%
521 hnpl4_132 98.9% 584 K3720 98.9% 647 K3742 100.0% 710 B1072 Fail
522 hnpl4_140 100.0% 585 B1023 100.0% 648 K3755 100.0% 711 B1092 98.9%
523 hnpl4_148 100.0% 586 B1031 100.0% 649 B0965 100.0% 712 B1114 100.0%
524 hnpl4_156 100.0% 587 K3737 100.0% 650 K3664 98.9% 713 B1131 100.0%
525 B1175 100.0% 588 B1047 98.9% 651 B0981 Fail 714 B1255 100.0%
526 B1200 100.0% 589 K3651 100.0% 652 B0989 100.0% 715 B1290 98.9%
527 B1213 100.0% 590 B0968 Fail 653 B0997 100.0% 716 B1311 100.0%
528 K3627 100.0% 591 B0976 100.0% 654 B1005 100.0% 717 B1329 100.0%
529 hnpl4_101 100.0% 592 B0984 100.0% 655 K3717 100.0% 718 B1341 100.0%
530 hnpl14_109 100.0% 593 B0992 100.0% 656 B1021 100.0% 719 B1356 100.0%
531 hnpl4_117 98.9% 594 K3694 100.0% 657 K3729 100.0% 720 B1370 100.0%
532 hnpl4_125 100.0% 595 K3706 100.0% 658 B1037 100.0% 721 B1062 100.0%
533 hnpl4_133 100.0% 596 K3724 100.0% 659 B1045 100.0% 722 B1073 100.0%
534 hnpl4_141 100.0% 597 B1024 100.0% 660 K3756 100.0% 723 B1093 100.0%
535 hnpl4_149 100.0% 598 K3732 100.0% 661 B0966 Fail 724 B1120 100.0%
536 hnpl4_157 100.0% 599 B1040 100.0% 662 B0974 100.0% 725 B1137 100.0%
537 B1180 100.0% 600 B1048 100.0% 663 B0982 100.0% 726 B1256 100.0%
538 B1201 Fail 601 K3653 100.0% 664 B0990 100.0% 727 B1300 100.0%
539 B1218 100.0% 602 B0969 100.0% 665 B0998 100.0% 728 B1314 100.0%
540 K3629 100.0% 603 B0977 100.0% 666 K3701 100.0% 729 B1330 100.0%
541 hnpl4_102 100.0% 604 B0985 100.0% 667 K3718 100.0% 730 B1342 100.0%
542 hnpl4_110 100.0% 605 B0993 100.0% 668 B1022 Fail 731 B1357 100.0%
543 hnpl4_118 100.0% 606 B1001 100.0% 669 B1030 98.9% 732 B1374 100.0%
544 hnpl4_126 100.0% 607 K3707 100.0% 670 B1038 100.0% 733 B1063 Fail
545 hnpl4_134 100.0% 608 B1017 100.0% 671 B1046 100.0% 734 B1076 100.0%
546 hnpl4_142 100.0% 609 B1025 100.0% 672 B1054 100.0% 735 B1097 100.0%
547 hnpl4_150 Fail 610 B1033 100.0% 673 B1055 100.0% 736 B1121 100.0%
548 hnpl4_158 100.0% 611 K3739 100.0% 674 B1068 100.0% 737 B1139 100.0%
549 B1181 100.0% 612 B1049 100.0% 675 B1088 100.0% 738 B1257 100.0%
550 B1202 100.0% 613 K3656 98.9% 676 B1107 98.9% 739 B1302 100.0%
551 B1220 100.0% 614 B0970 100.0% 677 B1127 100.0% 740 B1317 100.0%
552 K3638 98.9% 615 K3667 100.0% 678 B1148 100.0% 741 B1331 100.0%
553 hnpl14_103 100.0% 616 B0986 100.0% 679 B1266 100.0% 742 B1345 100.0%
554 hnpl4_111 100.0% 617 B0994 100.0% 6380 B1308 100.0% 743 B1360 100.0%
555 hnpl4_119 100.0% 618 K3696 100.0% 631 B1326 100.0% 744 B1375 100.0%
556 hnpl4_127 100.0% 619 K3710 100.0% 6382 B1337 100.0% 745 B1064 100.0%
557 hnpl4_135 100.0% 620 B1018 100.0% 683 B1351 100.0% 746 B1086 97.9%
558 hnpl4_143 100.0% 621 B1026 100.0% 684 B1366 100.0% 747 B1101 98.9%
559 hnpl4_151 100.0% 622 K3736 100.0% 685 B1057 100.0% 748 B1122 100.0%
560 hnpl4_159 100.0% 623 K3741 100.0% 636 B1069 100.0% 749 B1140 100.0%
561 B1184 100.0% 624 K3746 100.0% 687 B1089 100.0% 750 B1258 100.0%
562 B1203 100.0% 625 K3658 100.0% 638 B1112 100.0% 751 B1303 100.0%
563 B1227 100.0% 626 K3661 100.0% 689 B1129 100.0% 752 B1320 98.9%
564 K3640 98.9% 627 K3679 100.0% 690 B1251 100.0% 753 B1334 100.0%
565 hnpl4_104 100.0% 628 B0987 100.0% 691 B1280 100.0% 754 B1347 98.9%
566 hnpl4_112 100.0% 629 B0995 100.0% 692 B1309 100.0% 755 B1361 100.0%
567 hnpl14_120 100.0% 630 K3698 100.0% 693 B1327 100.0% 756 B1376 100.0%
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N Sample ID | Call Rate N Sample ID | Call Rate N Sample ID | Call Rate N Sample ID Call Rate
757 B1066 100.0% 820 B1441 100.0% 883 EH5761 100.0% 946 EH5820 100.0%
758 B1087 100.0% 821 B1463 100.0% 884 EH5779 98.9% 947 EH5847 100.0%
759 B1106 98.9% 822 B1479 100.0% 885 EH5796 100.0% 948 EH5869 100.0%
760 B1126 98.9% 823 B1490 100.0% 886 EH5811 100.0% 949 EH5624 100.0%
761 B1142 100.0% 824 B1514 100.0% 887 EH5840 100.0% 950 EH5639 Fail
762 B1260 100.0% 825 K3615 100.0% 888 EH5856 100.0% 951 EH5656 100.0%
763 B1307 100.0% 826 EH5549 100.0% 889 EH5599 98.9% 952 EH5685 98.9%
764 B1323 100.0% 827 EH5559 100.0% 890 EH5630 100.0% 953 EH5727 Fail
765 B1336 100.0% 828 EH5580 100.0% 891 EH5646 100.0% 954 EH5759 100.0%
766 B1350 100.0% 829 B1393 100.0% 892 EH5664 100.0% 955 EH5773 100.0%
767 B1363 100.0% 830 B1409 100.0% 893 EH5704 100.0% 956 EH5792 98.9%
768 B1377 100.0% 831 B1426 100.0% 894 EH5746 100.0% 957 EH5809 100.0%
769 B1379 100.0% 832 B1444 100.0% 895 EH5766 100.0% 958 EH5826 98.9%
770 B1397 98.9% 833 B1466 100.0% 896 EH5780 100.0% 959 EH5851 100.0%
771 B1415 100.0% 834 B1480 100.0% 897 EH5797 100.0% 960 EH5871 100.0%
772 B1436 100.0% 835 B1491 100.0% 898 EH5813 100.0%

773 B1449 100.0% 836 B1518 100.0% 899 EH5841 100.0%
774 B1473 100.0% 837 K3616 100.0% 900 EH5857 100.0%
775 B1483 100.0% 838 EH5552 98.9% 901 EH5602 100.0%
776 B1507 100.0% 839 EH5560 100.0% 902 EH5631 100.0%
777 B1523 Fail 840 EH5581 100.0% 903 EH5650 100.0%
778 K3763 100.0% 841 B1395 100.0% 904 EH5665 100.0%
779 EH5555 100.0% 842 B1410 100.0% 905 EH5709 100.0%
780 EH5573 100.0% 843 B1427 100.0% 906 EH5753 100.0%
781 B1381 100.0% 844 B1445 100.0% 907 EH5767 100.0%
782 B1398 100.0% 845 B1471 100.0% 908 EH5782 100.0%
783 B1417 100.0% 846 B1481 100.0% 909 EH5801 98.9%
784 B1437 100.0% 847 B1495 100.0% 910 EH5814 98.9%
785 B1451 100.0% 848 B1519 100.0% 911 EH5842 Fail

786 B1474 100.0% 849 K3758 Fail 912 EH5858 100.0%
787 B1485 100.0% 850 EH5553 100.0% 913 EH5606 100.0%

788 B1508 100.0% 851 EH5561 100.0% 914 EH5632 100.0%

789 B1525 100.0% 852 EH5583 100.0% 915 EH5651 Fail
790 K3764 100.0% 853 B1396 100.0% 916 EH5666 100.0%

791 EH5556 100.0% 854 B1413 100.0% 917 EH5710 100.0%

792 EH5574 100.0% 855 B1435 100.0% 918 EH5756 100.0%

793 B1382 100.0% 856 B1446 100.0% 919 EH5769 100.0%

794 B1403 100.0% 857 B1472 100.0% 920 EH5783 100.0%

795 B1420 100.0% 858 B1482 100.0% 921 EH5804 100.0%

796 B1438 100.0% 859 B1503 Fail 922 EH5815 100.0%

797 B1458 100.0% 860 B1521 100.0% 923 EH5843 100.0%

798 B1475 100.0% 861 K3759 100.0% 924 EH5861 100.0%

799 B1487 100.0% 862 EH5554 100.0% 925 EH5614 100.0%

800 B1509 100.0% 863 EH5570 100.0% 926 EH5635 100.0%

801 K3608 98.9% 864 EH5588 100.0% 927 EH5653 100.0%

802 K3767 100.0% 865 EH5596 100.0% 928 EH5670 100.0%

803 EH5557 100.0% 866 EH5627 100.0% 929 EH5716 100.0%

804 EH5576 97.9% 867 EH5640 100.0% 930 EH5757 100.0%

805 B1386 100.0% 868 EH5661 100.0% 931 EH5771 100.0%

806 B1405 98.9% 869 EH5692 Fail 932 EH5786 100.0%

807 B1421 100.0% 870 EH5733 100.0% 933 EH5807 100.0%

808 B1439 100.0% 871 EH5760 100.0% 934 EH5816 100.0%

809 B1462 100.0% 872 EH5777 100.0% 935 EH5846 100.0%

810 B1478 100.0% 873 EH5793 100.0% 936 EH5867 100.0%

811 B1488 100.0% 874 EH5810 100.0% 937 EH5616 100.0%

812 B1512 100.0% 875 EH5834 100.0% 938 EH5637 100.0%

813 K3614 100.0% 876 EH5853 98.9% 939 EH5654 100.0%

814 K3768 100.0% 877 EH5597 100.0% 940 EH5683 Fail
815 EH5558 100.0% 878 EH5628 100.0% 941 EH5723 100.0%

816 EH5578 100.0% 879 EH5644 100.0% 942 EH5758 100.0%

817 B1388 100.0% 880 EH5663 100.0% 943 EH5772 100.0%

818 B1408 98.9% 881 EH5702 100.0% 944 EH5787 100.0%

819 B1424 100.0% 882 EH5742 100.0% 945 EH5808 100.0%
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5. Monomorphic SNP2] H] &% Hjd oz U =& Hol3S.

Bovine SNPS0 (50K chip) in Cow
Number of SNPs on Chip 54,001
Number of Samples 96
Genotype Call Rate 99.987%
Average MAF 0.237
Monomorphic SNPs 8,560 (16.09%)
SNPs MAF > 0.05 38,483 (72.34%)
SNPs HWE-P<0.01 402 (0.76%)

<29 3-4-27>. Summary of Bovine50K scanning in Cow.

O 965l A2l Al&Y call ratee ® 12 2 28 270] A#s% S
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<3 3-4-12>. Call rate of each Cow sample

Index Sample ID Call Rate Index Sample ID Call Rate Index Sample ID Call Rate
1 JA262 99.97% 33 JA399 99.99% 65 JAS01 99.99%
2 JA263 99.98% 34 JA400 99.99% 66 JAS503 99.99%
3 JA264 99.99% 35 JA402 99.99% 67 JA504 99.98%
4 JA265 99.98% 36 JA403 100.00% 68 JAS506 99.99%
5 JA268 99.99% 37 JA404 99.98% 69 JAS10 99.99%
6 JA272 100.00% 38 JA405 100.00% 70 JAS12 99.99%
7 JA283 99.98% 39 JA406 99.99% 71 JAS13 99.99%
8 JA287 99.99% 40 JA407 100.00% 72 JAS16 99.99%
9 JA289 99.99% 41 JA408 100.00% 73 JASIS 99.98%
10 JA290 99.98% 42 JA409 99.99% 74 JAS19 99.99%
11 JA312 99.98% 43 JA410 99.99% 75 JAS520 99.98%
12 JA376 99.98% 44 JA411 99.99% 76 JAS21 99.99%
13 JA377 99.98% 45 JA412 99.99% 77 JAS522 99.98%
14 JA378 99.99% 46 JA413 100.00% 78 JAS523 99.99%
15 JA379 99.98% 47 JA416 99.99% 79 JAS524 99.99%
16 JA380 99.98% 48 JA423 99.99% 80 JAS526 99.98%
17 JA381 99.98% 49 JA432 99.97% 81 JAS527 99.99%
18 JA383 99.99% 50 JA433 99.97% 82 JAS528 99.98%
19 JA384 99.98% 51 JA435 100.00% 83 JAS529 100.00%
20 JA385 99.99% 52 JA443 99.98% 84 JAS30 99.99%
21 JA387 99.99% 53 JA459 99.99% 85 JAS31 99.99%
22 JA388 100.00% 54 JA460 99.98% 86 JAS33 99.99%
23 JA389 99.99% 55 JA465 99.97% 87 JAS534 99.99%
24 JA390 99.99% 56 JA472 100.00% 88 JAS35 99.99%
25 JA391 99.98% 57 JA475 99.99% 89 JAS536 99.99%
26 JA392 100.00% 58 JA476 99.99% 90 JAS37 99.99%
27 JA393 99.99% 59 JA478 99.99% 91 JAS38 99.99%
28 JA394 99.98% 60 JA480 99.99% 92 JAS39 99.98%
29 JA395 99.98% 61 JA487 99.98% 93 JA540 99.98%
30 JA396 99.98% 62 JA489 99.99% 94 JAS541 99.98%
31 JA397 99.99% 63 JA493 99.97% 95 JAS542 99.99%
32 JA398 99.99% 64 JA494 99.99% 96 JA543 99.98%

Call Rate (N=96)
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<Z1¥] 3-4-28>. Call rate of Cow sample.
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Minor Allele Frequency

12000 -
20.69%

10000

15.65% 15.67% 15.85%

Number of SNPs

Monomorphic <0.1 <0.2 <0.3 <04 <0.5

Average MAF=0.237

<21 3-4-29>. Minor allele frequency of Cow.
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A}. DNA HZE 7|E

O AAHA FA4 Aol AYH SNP contents’} HF AYHo| F
(Golden Gate Assay Kit).
Contents information of test kit
No Locus ID Allele Chromosome MaplInfo
1 BTB—-01527489 [T/C] 6 49080811
2 ARS—BFGL—NGS—102388 [A/G] 3 20000610
3 Hapmap27208—BTA—-157501 [A/G] 3 76469248
4 ARS—BFGL—NGS—32379 [A/G] 10 82876725
5 ARS—BFGL—NGS—41558 [A/C] 3 123148964
6 ARS—BFGL—NGS—80012 [A/G] 12 19931659
7 ARS—BFGL—NGS—59831 [T/G] 16 33037337
8 ARS—BFGL—NGS—26028 [A/G] 14 21080793
9 Hapmap25440—BTC—053771 [A/G] 14 10464996
10 BTB—-00037084 [A/G] 1 87457261
11 BTB—-00843812 [A/C] 6 55293700
12 BTA—-104512—no—rs [A/G] 4 112700199
13 Hapmap46848—BTA—60788 [A/G] 26 20312810
14 BTB—-00317097 [A/G] 7 65652720
15 Hapmap39595—BTA—85742 [T/G] 2 39098749
16 BTB—01273492 [A/G] 7 78559259
17 BTA—-65463—no—rs [A/C] 29 31816218
18 BTA—-61647—no—rs [A/C] 26 42127980
19 Hapmap24136—BTA—124014 [T/G] 1 55673837
20 Hapmap33068—BTA—160954 [A/G] 5 18775860
21 ARS—BFGL—NGS—104278 [T/C] 4 82322976
22 INRA—-565 [T/C] 3 23933162
23 ARS—BFGL—NGS—21607 [T/C] 11 100481883
24 Hapmap26379—BTA—130999 [T/C] 16 51370098
25 BFGL—-NGS—116673 [T/G] 7 88679092
26 Hapmap46894—BTA—89312 [T/C] 26 12496998
27 BTA—-100668—no—rs [T/G] 10 68586181
28 BFGL—NGS—114518 [A/G] 28 40462756
29 Hapmapb53674—rs29025319 [T/C] 20 8676696
30 BTB—-00301426 [T/C] 7 29194445
31 ARS—BFGL—NGS—35298 [T/G] 24 13445705
32 BTB—-00635702 [A/G] 16 31495633
33 BTB—-00986847 [T/G] 7 1126787
34 BTB—-01280026 [T/C] 14 25170557
35 BFGL—NGS—117383 [A/G] 2 63905821
36 BTB—-00384802 [T/C] 9 35216259
37 BTB—-01107683 [T/C] 21 29363186
38 ARS—BFGL—NGS—43407 [A/G] 5 110911478
39 ARS—BFGL—NGS—28660 [T/C] 7 4130299
40 BFGL—NGS—110586 [T/C] 3 105007296
41 ARS—BFGL—NGS—65062 [A/C] 6 121357123
42 BTA—-100341—no-rs [T/G] 26 34983053
43 ARS—BFGL—NGS—31807 [A/G] 10 63139835
44 BTA—-06866—rs29021222 [G/C] 1 116377919
45 BTB—-00652140 [T/C] 16 53663332
46 ARS—BFGL—NGS—84417 [A/C] 7 45559923
47 Hapmap44798—BTA—104292 [C/G] 11 74869821
48 ARS—BFGL—NGS—39970 [T/C] 27 32759635

- 195 -



0 ~
T = ~ o o - T % h
oy T i S gy G <0 i
o = = ¥ P 5 O %
iR By B # gz -
N ! =
” T g oo % N WrL M W
T o m o U o = = Mm
Wl g = B o % =
—_— s _ i = qa
™R S I N - i w il
) N T Z o { : =
T @ R I :
T M = o D o & AU < = w
o .,.Ar_; ofJ s w 5 KW X ~— -~
2w N o o o N N e
X o N =) —n B B T — plo
.6L o~ —_— &) ~ X E.rl { * - E#E
T = 3 © o 7 M 0| K o
S 2 2 il VAR I ool Moo ® o B -
- £ GO TR . Sw o o B El
- I osgT BT TH EeT 5
) . ) &o ﬂ N = T o &o
T T = WF T O T — D =~ < 3]
= Yo L ® s N m ° T oo o
o b 2 o* T Poe o o fa) & T (- 3
W = X [ © = B ST &
ik =T ot do o NV o = o <
oo o H; = S H; Wi N N o <« <
Wow - BN 3 W 2o b - Z &
ﬂm\_ 0 — . m
(P X ER= % T W = G qﬂ ANn wer o £
o) — OME N Eﬂ_ —_ 5 = KH =
" o) ® 7o) = mooN
o) —_— = 63 = = "o - T HT_ :i .8
on ) W W ®9 wm 2N o N oo W - . o ¥ = % 5
;OU o — ,Ul o N lo i O# ‘Ul — ~ 1_. =
UG IN N 1) = W o M W T R gy oo B oo A g
— ;oT on [V} = —_— "o ;Ot
> T w| < T e T 2R T E ooy Bom . _ 2
2 3R X méwﬂrh).dﬁd%gG%QM%%%% v W o=
< = = o *EE g Ty w g ow T W ow b Mo® o
g ¥ < S @ kg o e TS e 2 F o < X T %5
S A =T om W oy T g Wy TR o R x T 2
5 mw = T O @ © ) © © & © @ ® S < e
© —_
&) - T ©)
iy
O

1o},

°
pad

3lo] A

5

2]

s

ol

=

°
pad

1o},

HA 22703

I

A7)

3} (rehydration) £

BN
T

- 196 -

715 DNA A

500 uL % 0.5 M EDTAE 120 uLE
- DNA rehydration solution ImL % RNase (4 mg/mL) 10 uLE
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G Total SNP in gene Non-synonymous Synonymous
Chromosome g
(/Total gene #) Count SNP/Gene Count NS/Gene Count SY/Gene
(/TotalsNP)
Chr 01 123 (2, 7%) 45,583 (32,420 67,20 128 018 432 0,60
Chr 02 735 (2,7%) 44,636 (35,6%) 60,73 134 018 541 0,74
Chr 03 1.078 (4,0%) 42,158 (36,2%) m/n 178 017 621 0,58
Chr 04 603 (2,2%) 46,626 (40,5%) 32 115 019 429 0.7
Chr 05 1.061 (3,9%) 38,736 (35,0%) 36,51 182 017 674 064
Chr 0B 505 (1,92 35,386 (31.1%) 70,07 a2 016 327 0,65
Chr 07 1.051 (3,9%) 29,993 (29,2%) 26,54 17 017 639 0,66
Chr 08 540 (2,2%) 31,996 (28,6%) 54,23 99 017 393 067
Chr09 422 (1,62) 25,618 (26,9%) 60,71 a6 0,20 269 0,64
Chr10 a7 (3.0%) 36,358 (36,6%) 44,50 182 022 576 0.7
Chr 11 v (2,9%) 34,923 (34,22 44,37 10 014 416 0,53
Chr12 325 (1,2%) 22,924 (26,3%) 70,54 a1 0,25 244 0,7
Chr13 653 (2,42 31,581 (38,0%) 48,36 a4 013 340 052
Chr 14 369 (1,42 22,981 (27,92 62,28 61 017 239 0,65
Chr 15 821 (3,0%) 27,396 (32,5%) 3337 250 0,30 v 0,96
Chr 16 543 (2,0%) 26,413 (34,42) 48,20 102 019 310 057
Chr17 483 (1,8%) 22,339 (31,0%) 46,25 T2 015 277 057
Chr 18 1.m2 (3.7%) 21,112 (34,0%) 20,86 167 017 569 0,56
Chr19 983 (3.62) 25,895 (d44,42) 26,34 145 015 519 0,53
Chr20 27 (1,0%) 21,600 (30,2%) 78,55 a7 017 184 067
Chr 21 43 (1,6%) 21,991 (32,12 51,02 66 015 209 0,43
Chr 22 456 (1,7%) 26,093 (44,62 5722 T 0,16 230 0,50
Chr 23 626 (2,3%) 19,891 (35,6%) 3177 149 024 439 0,80
Chr 24 278 (1,0%) 16,780 (27.6%) 60,36 49 018 1M 0,64
Chr 25 53 (2,0%) 17,663 (41,6%) 3326 58 01 225 042
Chr 26 341 (1,3%) 20,4534 (41,6%) 60,10 52 015 189 0,55
Chr 27 209 (0,82 14,097 (29,3%) 67,45 31 015 144 0,69
Chr 28 262 (1,0%) 19,607 (40,5%) 74,84 A 0,15 187 0.7
Chr2g 534 (2,0%) 18,499 (33.5%) 34,64 92 017 347 0,65
Chr ¥ 563 (2.1%) 9,275 (20,2%) 16,47 ) ooy 138 0,25
ChrUn 42 (0,22 37 (1,9%) 893 2 0,05 a 019
Mito 0 (0.0%) 0 (0.0%) 0.00 0 0.00 0 0,00
Total 1114 6 7%) o202l (3.0%) 5.3 3% Ik 1195 062
cDs
Chr Total SNP . . - Intron Inter-region
Synonymous Non-synonymous Exon
Chr 135,915 422 (0,3%) 136 (0,12 306 (0,2%) 41,5859 (30,8%) 93,192 (68,63
Chr 02 118.459 529 (0,42} 128 (0. 1% an (0,3%) 38,587 (32,6%) 78,844 (B6.62)
Chr03 109,514 621 (0,6%) 180 (0,2%) 5RO (0,52 38,489 (35,12 E9.664 (63.6%)
Chr 04 105,740 425 (0,42 112 (0,12 263 (0,22 38,439 (36,42 B6.501 (62,92
Chr 05 103.138 631 (0,73} 192 (0,2%) 458 (0,42 34,996 (33,9%) 66,801 (64,8%)
Chr 06 103,098 315 (0,3%) ar (0,12 256 (0,22 29,459 (28,6%) 72,981 (70,82
Chr 07 92,703 633 (0,72 178 (0,2%) 335 (0,42 28,196 (30,42 E3.361 (68,32
Chr 08 99,658 372 (0,42} g5 (012 2592 (0,32 29,676 (29,8%) 69,263 (69.5%)
Chr 09 BE.607 | (0.3%) a8 (0. 1% 17 (0.2%) 22 (26.2%) £3.366 (73.2%)
Chr10 91,103 520 (0,6%) 177 (0,2%) 335 (0,42 31,768 (34,92 58,303 (64,02
Chr 1l 94,962 401 (0,42} 100 (012 324 (0,37 31.802 (33.5%) B2,335 (B5,6%)
Chri12 72,005 200 (0,3%) E7 (0. 1% 11 (0,2%) 20,40 (28,3%) B1.208 (71,12
Chr13 75,854 33 (0,42 a0 (0,12 En| (0,52 27,596 (36,42 47,466 (62,62
Chr 14 70,606 212 (0,3%) 51 (0,12 154 (0,22 19132 (27.12) 51.057 (72,3%)
Chr15 71,780 594 (0,8%) 188 (0,32 300 (0,423 22,859 (31.8%) 47,839 (B6.62)
Chr 16 65,075 290 (0,42 a0 (0,12 190 (0,3%) 21,894 (33.6%) 42,611 (65,5%)
Chr17 64,566 247 (0,42 an (0,12 193 (0,3%) 18,400 (28,5%) 45,641 (70,723
Chr18 55,923 567 (1.0%) 156 (0, 3% 353 (0,73 17.139 (30,62 37.678 (67.4%)
Chr19 53,159 488 (0.9%) 156 (0, 3%) 380 (0, 7% 22.393 (4213 29,743 (5. 0220
Chr20 67,280 181 (0,3%) 41 (0,12 142 (0,2%) 19,974 (29,72 45,942 (69,82
Chr 21 58,801 195 (0,3%) 57 (0,12 193 (0,3%) 16,992 (28,9%) 41,364 (70,32
Chr22 E4.157 232 (0,433 a0 (0. 1% 199 (0,423 23,588 (44,13 29,758 (54,9%)
Chr 23 51,704 476 (0,9%) 147 (0,3%) 308 (0,62) 17.312 (33.5%) 33.461 (64,72
Chr 24 57.043 165 (0,3%) 53 (0,12 138 (0,2%) 15,722 (27.6%) 40,965 (71,82
Chr2s 39,359 236 (0,62} 49 (012 186 (0.5%) 15,825 (40,2%) 23.063 (58,62
Chr 26 43,759 M (0,42 61 (0,12 162 (0,3%) 17,665 (40,42) 25,710 (58,82
Chr 27 42,496 137 (0,3%) 35 (0,12 12 (0,3%) 11,483 (27.0%) 30,729 (72,3%)
Chr 28 42,1589 154 (0,423 35 (012 148 (0,42 16,841 (39,9%) 24,978 (59,2%)
Chr29 47.032 289 (0.62) g2 (0.2%) 116 (0.2%) 14,793 (31.5%) 31,752 (67.5%)
Chr % 21,043 70 (0,3%) 23 (0,12 42 (0,2%) 3.945 (18,7%) 16.963 (80,62
Chr 2,913 19 (0,720 2 (012 1 (0,02 181 (6.2%) 2,710 (93.0%)
ChrUn 205,326 g72 (0,43} 33 (0,2%) 263 (0.1%) 21,514 (10,5%) 182,364 (88,8%)
Total 2,402,997 11,356 (0,5%) 3311 (0,12 7.788 (0,3%) 731,931 (30,5%) 1,648,611 (68,6%)
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project 52 3P},
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