A=A =R
2009, 169, 1&, 67-7
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DE SRS 91301 AHMBE ML TR SNP 7
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IEA BE w2V Al o8 AP Z FFE 2= A S single nucleotide polymorphisms
(SNPs)E 793tz 3t} o]m] Lee S (2008a)°l] &5l SNP(19_1)*SNP(28_2)7} 54+ 2] (LMA: longis-
simus muscle dorsi area)oll £ 8.3 AR U= Je). o 7lef F718 £A3F (CWT: carcass cold weight)
232 A % (ADG: average daily gaimy& 418 58] ALstgdon wal A akgol of feshn d48
dolElo) £ A& 5 9% expanded multifactor dimensionality reduction (expanded MDR)2 ©]-83}o] 4.
3 SNPE Febs}gict. Expanded MDR 2823 SAT@ A 222 A3}e) SNP(19.1)7+ SNP(19.1)*SNP
(282)9] 45 7-g Fejrl 718 £& SNPR A5 on, HEF o2 SNP(19.1)*SNP(28 2) vhA 7} 3h¢-
9 g ZA YA 5 FAAYLE e

ZRE0{: CART, MDR, SNP, &t ZAXHZ!.

k=)

B9 &4, 4% fA, A4 85 Fofl Fedshe oy A WFtUEE 22080 2 2R UEY
A ke AL 2B A : =

A 2 ghe-o] AR AN ZAA Aobd7) e 99 o AAF A F3E 1A
+ FAAE gohd 5 1 fAMY AEE A3 T a9E ¥R, AFHIE AV Aol HF
Aotk AwkA o= Qlzke] AW 7pEe AA A §A 2 shte] FHA7}E obd of Y Ak A4
408 Yojdrky W Qirk 1A o o] fAAY 4E5AES N RPoR AYRY
EF FAH 2dg APt 28y 421 £ S A A58 28] WolA R
% B4 A3 AE0 g 4 23S 2= 2ol oEg + Avh. ZL#iA multifactor
dimensionality reduction (Ritchie &, 2001; Chung -5, 2005), combinatorial partition method (Nelson &,
2001), restricted partition method (Culverhouse 5, 2004) S-o] of &} §xxlof gt A& 248 AA3]
= PHEZ A uks 9}, £3) multifactor dimensionality reduction (MDR)2 AF& Z-2-off o & B &g
239) 7o) gl MESH RO AT highorder Aol HoHE B3 FAS ¥ &
gich. B, chF2e) QTL A7+ Wwe] FBIh ZAL whe vl (half-sib)ol A sire] o §2717}
2= = microsatellite markerZ AR 3 IZ2]uh QTL 7o) 23EE Aol A8387171 I3] A
SAolth. gfukatd F]EFTelA QTLS TR A= §3E 7] o9 7] wiEolrt. whebA w2 M

VAR R (712-749) 7 B AN o E 214-1 QN g BA S, 54, Email: jlee@yu.acke
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£ ASETE PR fd0] kAo 2 HA=H W AA9] 75HA FAF 7HXE AHF R
2243 4= Q)= single nucleotide polymorphism (SNP)2 3H2-2] AA A Ao thal genetic testS] 7}
ol o] g3ttt B AyelAe 99 o A BHH F8 FHAAE 2] A Lee T
(20082)°)l 3l FHH SADHHZ (LMA: longissimus muscle dorsi area)ol] ZHAH #-A AAE £33}
o] 27t EA% (CWT: carcass cold weight), Y553 % (ADG: average daily gain)¥} 2 3h-¢-9] o
2 AAGEA #AH 8 FHARE o B85} ANOVA (analysis of variance) 2.3 3 MDR
HE o83l 1 AFE FHITQRA). 3FNAE 23N A Yehd 2HAE S4HoE AES

0
o

SNP

s

2. 390 ZMBT YA 5
2.

1. A Xte

B AL tolE= 3P F U3 71N AR A0 A 7= 913 16 grand-sire half-sibs families 2 5
Bl 229%F9 FFolA 2 FAAE T 92 o7 FAYP A A SADHA (LMA: longissimus muscle
dorsi area), £A]% (CWT: carcass cold weight), 3= 3|3 (ADG: average daily gain)2 =& F1 X}
Lo g2 HE SAHJT FEFENESF ALY FF wet 2R A AR Lo =AF
A(EAFE, SALTA, sADEE, dFFAFE, 2UALE)F ddo] Y SNP markerso] drt
740 A B7E At AL5 11 9t} (Barendse 5, 2004; Page 5, 2004). wlA] B Ao A= EST-
based SNP &2 % (Snelling 5, 2005)°l| 4] Kim 5 (2003)°]] 23] F3€ 3-$ A 690 9 X3
candidate QTL 21 ILSTS035 microsatellite marker2} 2-& A a}o)| g1+ SNPE % polymorphisms”} L}E}
W SNP(19_1, 184, 282) u}AE o] &3t} (Lee <, 2008b).

2.2. ANOVAE 0|88t 5122 ZMAZ 0 TS SNP Hgt
2 o3 22 EA A 2l g AR} (Casas 5, 2005).

o
I
o
oX,
)
of
i
e,
ey
=2
>
rr
{17
22
a2
o

I’ijk;=y+Ci+Sj +Bage+Mk+£ijk1 (2.1)

(P) E) (G)
i=1,...,c j=1,...,s, k=1,...,m, I=1,...,n,
71 Yijus B9 FAFE0lAL Ci(contemporary)& =5AEH F4E 2ol X} IFOE T
A Ehely Sy sire TFS] AP &}, Mpe SNP wpA 9] uA AT, g vold tid s7AA,
g N(0,0°) eS0T T2y 271 B4e 7= FEL2 8¢9 AAZA 9% F=
S &

oM.

SAS7} ¢ oAk wety fAAET SNPFF AF0 ol FaE LA tg ANOVA
A4 5L The 2k

Yij = p+ @i+ B + i+ (af)ij + (@) + BY)ji + &ijits (2.2)
i=j=k=1,2,3 1=1,2,...,n,

A7)A Ve 9] FAB AT o SNP(19.1), B, SNP(18.4), v = SNP(28 2)7} Ht}. 17
T g NO,02)Q) EEWgolt) Lee 5 (20082)0] 2314 342 SAGHA(F 1)S ANOVA
Ag3 2 A SNP(19.1)°] SAHAGAA ] {23 toj7t AR 4S5 FL-2 BE {8 Ao]7}t
A et 283 ke = o8 AAPE A A5 I AFE SAGHAT v 2
ANOVA|| AL Sojjsf Kot
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0
7]
Ho

A 39 AAFAGEAEEA) ol o g SNP(19.1), SNP(18 4), SNP(28.2)9] 5
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ANPVA 23}
Marker SS d.f MS F p-value

SNP(19_1) 465.058 2 232.529 3.776 0.025
SNP(18 4) 7.424 2 3.712 0.060 0.942
SNP(28_2) 241.173 2 120.587 1.958 0.144
SNP(19_1)*SNP(18_4) 61.987 4 15.497 0.252 0.908
SNP(19.1)*SNP(28_2) 214.138 4 53.535 0.869 0.483
SNP(18.4)*SNP(28_2) 163.558 4 40.889 0.664 0.618
SNP(19_1)*SNP(18_4)*SNP(28_2) 111.917 7 15.988 0.260 0.969

o2 12500.402 203 61.578

A A 13942.157 228

T2 3 % AA A=A =)o o) 3 SNP(19_1), SNP(18_4), SNP(28.2)¢] &

e 4T AR

Marker SS d.f MS F p-value
SNP(19_1) 8577.404 2 4288.702 3.964 0.020
SNP(18.4) 894.170 2 447085 0.413 0.662
SNP(28.2) 765.030 2 382.515 0.354 0.703
SNP(19_1)*SNP(18_4) 5098.319 4 1274.580 1.178 0.322
SNP(19_1)*SNP(28_2) 5966.916 4 1491.729 1.379 0.243
SNP(18_4)*SNP(28_2) 7689.348 4 1922.337 1.777 0.135
SNP(19_1)*SNP(18_4)*SNP(28.2) 4491.950 7 641.707 0.593 0.761
2.3} 219632.129 203 1081.932
A 253253.886 228
E3: 9 AAFA(LEZA o of 3 SNP(19_1), SNP(18.4), SNP(282)9] &7 e A2 X8 a5}
ANPVAZ 3}
Marker SS d.f MS F p-value
SNP(19_1) 50069.731 2 25034.865 3.396 0.035
SNP(18 4) 2426.204 2 1213.102 0.165 0.848
SNP(28.2) 20038.559 2 10019.280 1.359 0.259
SNP(19_1)*SNP(18.4) 6450.768 4 1612.692 0.219 0.928
SNP(19_1)*SNP(28_2) 61181286 4 15295.322 2.075 0.085
SNP(18_4)*SNP(28_2) 31936.993 4 7984.248 1.083 0.366
SNP(19_1)*SNP(18_4)*SNP(28.2) 37655.469 7 5379.353 0.730 0.647
Xt 1496416.200 203 7371.508
AA 1714082.300 228

A 229%F ol &3] SATHAT =AF,

1,238 370 ¥4 93¢
g E7to) Bfe] Lot 7] A3 ANOVA &

SNPES] 29} 45

A BAE AT Ago that
F3}o]) o3t A& SNP(19_1)
2 3] AAY A ¢S

o AeAgol o 4Fs ErhaL
o A3 ¥ YTt

FE FAATE N2 SNP#
o

=
A3 YTk ol

dFEA ol G
By 4838 2ot} Lee 5
(2008a)0l] o] 3 FHE SAHAE ] Aol o) 7tz BA% k-9 AAFA &, =AFH 4TF
3t 3= BE BAR R {8t 2ol 7t VLA
o] AR o= {9l A (significance = 0.020, 0.035) LFEFT}. SHA| 9 £-
= A7} obd o7 7] BAFE SNP-f
837 A8 e agol 3442 MDR 23

=
T

L
L.

ofn

opgrom shtel 2

A7)
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¥y 5743

ofec 3951

tost daty SStsrier

2! 1: Expanded MDR "} 2] QLA 9] steps (Lee &, 2008a)

2.3. MDR H10]| 9|8t 5t 24 M| & 2l 0| SNPY &

MDR H'-& case$} controlg] o] 23 d]o]gjollql A& o] 7153t} (Ritchie 5, 2003; Lee s} Kim,
2008a; Lee?} Kim, 2008b). 22t} # A79] 3h¢ AAP L& BF ALY A5 2 o|Foizt)h ot
A dlolEjulold &2 & Wl ¢l CART(classification and regression tree) ¥HY-& o}-&3led (48 2
2olM%E AL 758 expanded MDRS ©]-&3} (Lee ¥, 2008a). 18 12 A48 dolgo] tjst
" expanded MDR 2] 67}4] step2 Kol &=t}

Step 1. dHiolE]E AYgog 10702 22 =72 Ytk 281 1 F 970E training set2 2 174 E
testing set 2 2 ¥},

Step 2. ©i& (37H)SNP§—,—E1 k(1,2,3)712] SNP 2% F 3 t& ‘j ST},

Step3. AHAE SNP 2o SNPS Zz 428 7128 3 ANEL multifactor classes E=
cellsol] 71%2}5} AE EoJA k=29 A$ SNPE 3749 &2 2 ot wehA 32 = 97]¢]
AL 7Rk 24z 97 2] Aol AR e -‘ﬁi‘%k*— ]Eﬁh‘/}

Step 4. CART 514 9] impurity functiong A-8-3+¢] variance impurity & 73}, B ol ¥ 159
high7} 5 2 B o] ¥ 150} low7} "o}

Step 5. Expanded MDR E 9ol A} k-factor 23} Zoj|A] 7} 22 ASE(average squared error) 7} A€l
e

Step 6. MDR= nER71A| 2 VU A] 1/102] Ho]E] 2l testing set& ©]-& 3] P_ASE(prediction average
squared error)S 73t}



DNEH GIPE A5t o2 ZAMB M2 =2 SNP 7Y 71
H4 SAGAEFE, 545, S35 2kl o) 3 SNP = 319 average ASES} average P_ASE 2 3.
No. of LMA CWT ADG
Marker
factors ASE P_ASE ASE P_ASE ASE P_ASE
SNP(19.1) 58.838 59.905 1081.99 1084.42 7014.64 8122.83
1 SNP(18.4) 60.617 61.559 1103.57 1108.37 7112.90 8277.56
SNP(28.2) 60.280 60.477 1088.16 1108.65 7047.34 8141.60
SNP(19_1)*SNP(18_4) 58.379 60.676 1068.55 1115.96 6917.81 8452.47
2 SNP(19_1)*SNP(28_2) 57.932 59.671 1045.66 1075.89 6714.00 7896.87
SNP(18.4)*SNP(28.2) 59.151 61.504 1059.59 1116.41 6873.62 8570.60

HS SAGEH, =A%, AR A Zel tht shutkel f AT} F A 4

: g &3 CVC
23

Marker LMA CWT ADG
factors

SNP(19_1) 10 6 5

1 SNP(18_4) 0 0 1
SNP(28_2) 0 4 4

SNP(19_1)*SNP(18_4) 0 0 0

2 SNP(19_1)*SNP(28_2) 9 6 9
SNP(18_4)*SNP(28_2) 1 4 1

It 19 FAY vtBo A Y& 107]9] ASE(average squared error)2} P_ASE(prediction aver-
age squared error)®] BH-& Fa I o] 7FF 2L A& best n-factors 202 Ascl, MDR uf
W Zo] ol 73 Zzke) ASEE 0| 238}¢] CVC(cross validation consistency) S 8=t o] 2
2 1019 cross-validationS A3 o) Z+ Aol A A EHH best model S 7|2 E 3= Aot} ulelA]
ASES} P_ASEQ] #Hgo] 712 @11 CVC7L 718 =& 24o] best n-factors 28 o]}, 3-89 S tid
Aof| FE F= SNPE |1 Lee 5 (2008a)ll ]34 SNP(19_1)3} SNP(19_1)*SNP(28_2)7} 2 & A
g5 318 SNP(19_1) B 0h= SNP(19.1)*SNP(28 2)7} 31-2-0] SA T d o) o] 43S ke AL gt
Ak 2elR B9 E OhE AAYL 4] F, ALSAZE SAURLT AR expanded
MDReoj A&3}9ch. & 49} 5= expanded MDROI| A7 o] B2 BL3|A U2 ASES} P_ASES] 2
3, CVCe| Aot}

3# 4+ expanded MDR 42 109 WHE3SH £ 7h7ho] SNP 3ol t$h ASES} P ASES] B+
= T8 Ztolth. Best model2 average ASES} average P_ASEZ} 713 @ AL A€sl=y 99
48 29 3hie] 890 td EtoAE SNP(19.1)9] ASE7} TAET} d3EA G 22
1081.99, 7014.64 2 7} WrA| Uehdom S 7o) 29l st Z ko A= SNP(19.1)*SNP(28_2)2]
ASEZ} EAF3 FEAZNA 22} 104566, 67140022 747 37 Gergty. mehd SAgw
A wRAA R she] 29l AE SNP(19 Do) AES Qi F AjS] R UAAE SNP(19.1)*SNP
(282)7} AEi= glcy. ez SNP(19_1)3% SNP(19_1)*SNP(28.2)E W9 A% a2 &<l SNP(19
[1)*SNP(28.2)2] ASES} P ASEZ} B 2 22 & 5 itk mebd 999 AAY el B Fr
291€ el 2o e BT 454G o8 £} o grks 22 & 4 Atk thee
2 CVC d%E 27RE s} RloAE SNP(19.1)0] 242} 6, 52 743 A ehgon] & )
o] 221014 SNP(19_1)*SNP(28.2)7} 77} 6, 9 742 7| Upehut). weba okl Ao} o A
€ FYHEE 2 F best model2 2910 & 7] L wf= SNP(19.1)0] A&= 1 g2lo] F 7} & wl+
SNP(19_1)*SNP(28_2) u}# 7} H = best set 2.2 A A= ¢},
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FEle EREW U A¥ £ 759 AASAY 98 fAR] ##EE polymorphisme] &
& 83t ANOVAS} expanded MDRol| &85t 3h¢-9] oj2] AR P Ao & T+ SNPES
TR L AI=F A7 ANOVA A& SNP(19_1)°] 3h¢-9] o] AA| P A FUsHA [ o]
7t AP AT AL o) 3 G g Aoz Velgdt). 31X 1 expanded MDR 43+ 23} ©g
SNPoJl A& SNP(19.1)0] 392 oj2] AAH Ao F28 JFLS Bo] FHow T 7] A5 2goA
+ SNP(19_1)*SNP(28 2)7} 3H¢-9] o] AAP Lo 83 TS 7HF Ho| F+= A2 JERth
3 SNP(19-1)3 SNP(19_1)*SNP(28_2)2] ASES} P_ASEE vl w3 A1) SNP(19_1)¢1 3hi}e] A X}t
9] AHE the SNP(19_1)*SNP(282)9} ZHo] A5 280l o) 3t FAEFAT 3¢9 o3 HAP Al ¢
F2% 9FE F= JAZ AT k27 CVC AR AFANAME SNP(19.1)*SNP(282) 1 A7} 3
FTEF Yol A ATE webA o] FAP Ao JFL F+= SNPE 7Y 3= FAlolA ANOVA &
Fol A detA] k2 F 28 4528 AAH AR} expanded MDR HHg el o5 4 E 899
AP A F Lee T (2008a)°] 93] 87 SAGHA 2ot ol EAZ T QFSA Y 22 T$
of b AA B Aol 3L T+ - SNP(19.1)*SNP(28.2) tlA gl Zo] 73 Utk &, ¢
2] SNP(19.1)*SNP(28.2)n}A 9] &4 A&7} 1 ER, 158 FAPAL B3 |42 shuet
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Important SNPs Identification from the Economic Traits for
the High Quality Korean Cattle

Jea-Young Lee!%, Dong Chul Kim*

“Dept. of Statistics, Yeungnam Univ.

Abstract
In order to make the high quality Korean cattle, it has been identified the gene markers which influence to
various economic traits. To identify statistically significances among SNP markers, Lee et. al. (2008b) iden-
tified SNP(19.1)*SNP(28.2) marker was an important marker in LMA(longissimus muscle dorsi area). In ad-
dition, CWT(carcass cold weight) and ADG(average daily gain) are applied for expanded multifactor dimen-
sionality reduction (expanded MDR) method from the comprehensive economic traits. The results showed that
SNP(19_1)*SNP(28_2) interaction marker was good and a very meaningful for economic traits.

Keywords: Classification and regression trees (CART), expanded muitifactor dimensionality re-
duction (MDR), Hanwoo economic trait, single nucleotide polymorphism (SNP).
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