SE5A AT (2009)
22(6), 1239-1247

ol

FaE s AL

d

I21= 4 (E-MDR) 2tD2|50] J|8tst
A

O - 0122 - 0|8 W?

| S—
loddulstn SIS, PAL st St fadusin SISt

(2009 62 4, 2009 10 AYEH)

A7kl WY EE A5 AAA B4 B FAA) 92 o3
S B FAAL RES SUPIE A TaB AT, 1T G23] ) e pST “based SNP
AEE AHgstel BEY RAAZ ATF oo} ol BAA BEo] NS ABAE AP om AA 9K

£ Aol7t QS & w W24 Lee (2009)0] SI3) BST based SNP 48455} 714 E402 Rl
Gene on sequences 7 1Este] 392 FAFA ¢ FH DNA markerso] LAF AL 34, SAR
HEAg BAE DT o, FAR} 2 WFY datacld BRI BS A ATAE] 2] W BE FF
UMA HEAL the 145 S A Aol ofFIE 4 SIeh. TebH WEAA PO AR A

%20 (MDR) S AHgslgton, Ael-tiz tloleelwt 48 7ks MDRUH S A% tolEolE 2 83)7] H
CARTowali% 285 B4 th ARt A4S (E-MDR) o] Al glek. B Ao MEA dad &
A7I6H8 4 (SNP)© 2 | E-MDRUHES A83t0] 092) AARA(LREAY, 2w 9FE T
4 #2724 9AY/HEA S FEEcE

L o o i b

—|o

+R280{: Expanded MDR, Single Nucleotide Polymorphism, AU E, USHSH|2E, S AMSZ.

FHAL] FATAH rde) 7|9kst EST based SNP @?:]_'Z]E (Snelhng
A} g2 AAP AN BAE ?i?—'}oﬂl:]- 3R uk AT =214
AS AR ndl g A % markerS7He] ARTLL Hieto 7 A E o0]x]7] R ArAE BA

ZH4 A= Gene on sequence®} A& T2 2pol7} UYelhd =~ & Aolth (Lee, 2009). wa}h
Al Lee (2009)2 7129 BA 4 mdo] 7|4kst EST based SNP &R =9} E2]% 920 7]kt
Gene on sequenceS 4| & slo] M2 TH FAXESS HASATE T3 gutzloz <7tko) &
B3k 7H5e] A A S shie) §AA} obd ole] fAAe] deAgom dojdtn Bu glo
H, A7HA] 2olME EAF D (LFSAZE, SUAEE )T Aol 9l SNP markerEo] dul7}=o
A F7pE o)A A 285 3 itk (Barendse &, 2004; Page &, 2004). welr] 2 AFoAE o] &
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& AEA LAE SNPsE9| 43280 ot AA A (LdFoAZ, THAYE )] dH8ES 24
3Gt

st FARYY Hs2g
o] Az AL ol ¥ <

ol Bome £5 mase) 4TAg U 4 |
A AR 2 4 (multifactor dimensionality reduction; MDR)®H% (Ritchie 5, 2001; Chung
5, 2005), 23t & (combinatorial partition method; CPM)®¥ (Nelson 5, 2001), AJgtd £t
(restricted partition method; RPM)®WH (Culverhouse 5, 2004) 59°] o12] Azl tfst A& =g

< AAs= PHEE /M=t 53] MDRWYHE-2 A28 dist W&t 23] 7o) gle A
Bl W o g At high-order A449] data® E343 AAE ¥ 4 Ak A ¥ MDR®
WL case?} controld] H[-&E Ed) EYwfol HRE HighWoa LOWX‘:]I;L].Q_E RHEs & Bgus

2

{1 £ SRl B4 PU02 A5 datac e ASoleel TAGol Whok
24 CART(classification and regression tree) @11 2|52 &-83= H A EFH o5 A5
2~ (expanded multifactor dimensionality reduction; E-MDR)®¥ ©] Lee 5 (2008a)°l &3l Al A= 2}

*

=
A3 ]~_ J)rzm aANEa, ng_a DNA markergg E_MDRHJ‘:;M] g o}oi g2 AR 21011*1 a
Ao sgsle AWM S (marbling score; MS)<} &3 3
ADG)el| 9%e FE ¢4 A% D971+ (SNPs) £ +F

Lee (2009)°] &3 279 39 1L DNA markers 5 ZA| ¥ 2& 22 3l= T2 DNA marker&
RATE HAE 24D Aol ABE DI SAFDI BSABALLY FHiRARR 307

oA 35+ 7t S AR A 47672 AR 71 THEAS Jde /A2 F7F REa
ARG FFEA SR AE 5059 SHAFAE S daNFsTlolA wulfste] BakE 3
ofA] o]t}

2.1. AAYE 91 S5 DNA marker M%

AANA Kim S (2003)¢] B3k 3702] QTL & BMS12429} ILST035: U2z
7, SAGART 2 A=A LOD(logarithm of odds)gke] 3.00]40 2 Ljelgton,
BM43112 ZUYAHZ oA LODZo] 3.00]42 2 ekt (Kim 5, 2003). weba FAE Do) A3
HE FAAE #9EE QTL F22 2 10cM AE2 microsatelliteS A3 5to] dP oz XA HE, &
A3} S ik QTLY AFAE FAAF 2AF 2oz gt 2o wef 3709] QTLAA &
%07 10cMZ = ol microsatelliteE AAsto] 18 2.17} o] 27§ QTLY G o= A AT
o]# &t 2719 QTL A ollA EST_based SNP &A= (Snelling 5, 2005)°A4 % 337]¢] SNPsE&
grratodet.

wZE 3370 SNPs & TH §3AE ddgojzE LOC534614 S A=A SNPs 20/E wAst
A (2™ 21), °] 5 UEFAAY W=7 0.1 ") AY FAAYY WErF X3 SNPS
2.934425429T, .34425+19T>C, g.—8606+137C>TE A&Jstn B3It oSS A3t 177
o] SNPsE 7hell 73t A/FHE S TS ke A2 FAR7} shte] Wl & 283k Zlo] oy
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Linkage map Gene
EST-based SNP on sequence
cM Mbp
=70 /
ILSTS035 | - /
o / 0.-8606+137C>T
I"'
/
AH2-2 /
Lot | 75 ECiP-1 / 0.-74-34G>T
Lol / .70+20C>T
AH5-1 LOC521615
; 0.3885-18C>G
/ 9.4102+35T>G
BMS2508 / 0.8420-137T>C
| 80 / 9.8529+19G>A
/ 0.8643-21T>C
g.8778G>A
BMS1242 / §.11500-125A5G
/ 9.11500-117C>G
37783_400 911521T>C
| o5 / 0.11614+19G>T
.18765G>A

BM4621

13889_586

0.32330-48A>G
9.32488+95G>A

AH1-11
AH1-9
31465_446

12273 165 0.34425+19T>C

0.34425+29T>G
0.34425+102A>T

AH1-5(28_2)

BM4311

AH1-10
AH1-6
AH3-6 AH3-4
ECIP1-1 GROX-1
AH3-3 AH3-1
AH1-7 AH3-5
GRO3-1 AH3-2

AH5-3
BTA6 BTA6

~—

| 95

0.66995-169insdelC

AHS5-2
GRO1-1
AH4-2
AH4-1
AH1-3
AH1-2
AH1-1

8 2.1. Linkage mapdt Gene on sequence0i 7|95t SNPso| 22 0tH (Lee, 2009)

2 A2l Wol7l Nz 2gwo] ARTL oju By 3k 1779 SNPsS9) 45 H8S BE BAg
£ A1t} htSNP(haplotype-tagging SNP) & A1-g3lo] £A518 A& 40 EHone dgag 2l

g 4 9SS Jehlglen, 2o ulet 6709 SNPs(g.4102+36T>G, g.8778G>A, g.11500-117C>G,
2.32330—48A>G, g.344254+102A>T, g.66995—169insdelC)E &2l atgirt. o|2A HE A" 67
2] SNPs (Lee, 2009)& 240l A8t H, 33| & SNPsES] AA P st 4528 23E
EA43%7] 915 EEMDRYH S a7stch

e 9ol ol 2ol W 23 sonetc
3 w3y s1go] Yt

3 =1 33 Lowd oz & :} =

onz=go H]_;,_-g}oq B A= upyolth A w BEX W7} casel) control 2 o] Fo] R dlo]E]o] A&
e WO R A%E dlojE|ol tisl H&shet] EAIF o] AT 3.2 004 o] &

g E-MDR™ I} 3ol tisf Aedich. =3 HlolH ] £+ 419F% SNPZF marker®

=
o
=
EE

Lo
d

7} 430
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rie

o 27708 LS AAT wf 7} celld] W=7} wll> WAL 00] H 73] Ak ol & A5t
3] Bootstrap sampling *}'H (Efron¥} Tibshirani, 1993)& AR&-3}3it

3.2. E-MDRUEHH

E-MDRYMH-E case-control Hjo]Eof|wt A8 71=3F MDRYWH O EA| AL 1237 Yo A|etH vy
©°2 CARTZ12]%2 03 MDRY 9] olt} (Lee 5, 2008a). 3.180|A] 2708 MDRIHL
WL highF o} lowH e 2 o] 231sl7] Hsll H3xU7} case-control FE|7} S ofoF T}
ZA BEEUS7F A45E dlolEd A% ol &3t EVFsetAl "t E-MDREPHAIM = EAF 33 &
49] AAE CARTYE 1 ESE £33 o] 83 w2 AR3to 2 A 43 x182Q A= MDRYHH
AL T J=EF AAE 7ol v 28 3.1 AxE2 53 dolElol st E-MDRY¥H e
BANALS BolEr). 3 ol XSS SAS 9.137} SAS Enterprise Miner 4.3Z 2 138 o] &
SEREFE

At 1. HolHE #Agoeg 1079 e 372 etk 281 2% 9/0E training set 0 E 171
testing set &2 Fr}.

Az} 2. RE(37)) SNPRRE k(1,2,3)7/1] SNP2F % shte Adsi).

Az} 3. A= SNPXRSHoA] SNP] 2+ 428 7|22 3 7§41 58 multifactor classes == cellso|

<3tk o E BojA] k =2Y 3% SNP+= 3719 =02 Hojglth. wahA 3% = 9719 A
< 7HATE 7472 9719 Al AA YA FEHS 71t

A 4. CARTHH O E<% < (impurity function)E ARE3lo] o] 23} st} oA g4

£ 7 4RSS, FEusEE A0 48D BF 2

HE V2 IF F ¥l =2 1F°] high7t 31 Ho] B2 IF°| low7} At

A} 5. expanded MDR, B oA k-factor 23] t3t training seto| A 4] 3.1} o] ASE(average
squared error; Lee %5 (2008a))5 3}o] ASES] Zho] 71 22 SNP 23 ulAE AA s
th. @2 6. MDR} uhzk7kA| 2 U 2] 1/102] © o] E] 9] testing setS ©]-83}o] P_ASE(predi-

ction average squared error)& -3}

S‘JLWIO—%‘Jﬂ

fu

Shz h Slow
ASE = % 4
thgh Nlow

&y Shigh = Sormy Tnign (D) 200 (Wis — 67 Stow = 2oty Tiow (8) S0 (yis — 50)°,
Nhigh = ZZ 1 Ihzqh( ) Nza Nlow = Z:-L:l Ilow(i) : Nia

(3.1)

1, i(cell) € high group, / 1, i(cell) € low group,

low(i) =
O, o - W, 0, o-Ww,

(n: W 4, N;: i3] A5 )
S ohg A1) Bl wEelAl he 1070 ASESH P-ASES] R@d A 1 gol A WS AL
best n-factors RS E Aty MDREHI o] oA 3 Z+zhe] ASEE ©]8319 CVC(cross
validation consistency)E& F3h=t] o] 22 10W9] cross-validation& Al w] ZF AJPo|A A==
best model & 7H*E 3h= Ao|th. waba] ASESE P-ASES] B#o] 7P w1 CVC7L 73 =& kol
best n-factors 23 o]t}

Thign (i) =
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f!

— EIE

Factor A AG GG
< Aa|T4.33|7423| T8
z AT |72.50(75.48 | 77.25 CART(regression tree)

,,,,,,,,,,,,,, Grade
— —_ ,

Models A4 AG

Factors  Error AA high
1.3 57.93
2.3 59.51 AT
test data ow

J8 3.1. Expanded MDRE Q| 2AUtA Ol A%} (Lee S, 2008b)

974 (Good, 2000)

HHEe A8 2

My

T3 9)o) E-MDR 248 F3) 92 272 AAa] 98] 2 =roAe
Lee2} Lee (2009)914 AF8E Aato] mhe} Algatsich. 4ol as 3ol A 4
7He vepaiy.

,d
o
e

4. E-MDRU#O| M8 U 24 A1}
4.1. E-MDRYEio| A Ay}

AGZA L, AW thsl SNPe] zgol thte] E-MDR 342 104 uH=s)A L}e ASES
P-ASES] B¢} 1099 vHEgolA e ghe 7|22 ASES} P-ASES] ko] 7P W 23
CVCE 73 435 247 & 4.1, 4.28} Zo] JEth

F4.13} 4.28 B3 dFSAFL SUWATEAA 2708 SNPs &3l o3 Aibe g.4102436T>G,
g.11500—117C>G2] 2% o] 71 £L Aoz UetoH, 3719] SNPs 23o|A = g.4102+36T>G,
g.11500—117C>G, g.32330—48A>G2] =3o] 7 £2 ZloZ YEyth

Aol tis) zF A 2o foAde FAsty] flste] £2 A4 (‘Good (2000) ]
3)& AAsto] i 433} o] et
dFEA el AL stupe] 2910 93 T ¢.32330—48A>G 7t Fol8HA e Ao g yEhton,

2.41024+36T>G, g.11500—117C>G, g.32330—48A>G2o] 2T o] K&t Veten, Utz
A BE gEoA §3HA vehd, 495z E 2 A zRge] 93t Akel7t 7§25t
A vebgar, SHAREA AL 3709 dE gl ot xfol7t 7P f-ol Al UEbsTE mhEbA 9o
AAP AR dFSA T THAYEY TS T+ 802 st SNP thgk &3 H k= SNP9| =
stof] o3t a7t o Wk AL AEson, B2 SNPsE9 23 5 399 S} S5k 7 B
2 JFgZ F+ SNPs o] vl 5 2709 Az 280l o8t a8} 3709 J5 480l 93t B2 ti=
A Yebgoy, FEAO0 R 2.4102+36T>G, g.11500-117C>GS £33t glon, 2URYEe 7
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I 4.1. E-MDRYO| 2|Sh average ASEQ} average P-ASE 41}
e NP o TS F SHATE
T ASE P_ASE ASE P_ASE
2.4102+36T>G 0.008012 0.008024 16.5635 16.5796
g.8778G>A 0.007998 0.008014 16.6286 16.6776
1 g.11500—117C>G 0.008003 0.008017 16.5828 16.6066
g.32330—48A>G 0.007958 0.007970 16.3377 16.3539
2.344254+102A>T 0.008053 0.008067 16.6746 16.7223
g.66995—169insdelC 0.008050 0.008062 16.6750 16.7203
2.4102436T>G, g.8778G>A 0.007989 0.007903 16.5569 16.7062
.4102+36T>G, g.11500—-117C>G 0.007796 0.007696 16.1373 16.3072
.4102+36T>G, g.32330—48A>G 0.007950 0.007878 16.3377 16.5118
g.41024+36T>G, g.344254+102A>T 0.007978 0.007866 16.5635 16.7046
g.4102436T>G, g.66995—169insdelC 0.007983 0.007921 16.4827 16.6380
g.8778G>A, g.11500—117C>G 0.007846 0.007747 16.2162 16.4331
g.8778G>A, £.32330—48A>G 0.007958 0.007860 16.3377 16.5118
2 g.87T78G>A, g.34425+102A>T 0.007994 0.007929 16.5369 16.7091
g.8778G>A, £.66995—169insdelC 0.007907 0.007801 16.6045 16.7864
g.11500—117C>G, g.32330—48A>G 0.007852 0.007768 16.1622 16.3315
g.11500—117C>G, g.34425+102A>T 0.007909 0.007819 16.2794 16.4872
g.11500—117C>G, g.66995—169insdelC 0.007922 0.007821 16.3587 16.5240
¢.32330—48A>G, g.34425+102A>T 0.007958 0.007860 16.3377 16.5118
g.32330—48A>G, g.344254+102A>T 0.007958 0.007860 16.3377 16.5118
g.344254+102A>T, g.66995—169insdelC 0.008043 0.007967 16.6284 16.8587
.4102+36T>G, g.8778G>A, g.11500—-117C>G 0.007780 0.007679 16.1100 16.4079
.41024+36T>G, g.8778G>A, £.32330—48A>G 0.007887 0.007794 16.2519 16.3922
g.4102436T>G, g.8778G>A, g.34425+102A>T 0.007938 0.007858 16.4822 16.6888
.4102+36T>G, g.8778G>A, £.66995—169insdelC 0.007845 0.007746 16.4517 16.6007
.41024+36T>G, g.11500—117C>G, g.32330—48A>G 0.007755 0.007621 15.9860 16.1578
g.4102436T>G, g.11500—117C>G, g.34425+102A>T 0.007772 0.007700 16.0071 16.2227
.4102+36T>G, g.11500—117C>G, g.66995—169insdelC 0.007770 0.007685 16.0934 16.2656
.4102+36T>G, g.32330—48A>G, g.34425+102A>T 0.007944 0.007874 16.2741 16.4589
g.4102436T>G, g.32330—48A>G, g.66995—169insdelC 0.007876 0.007786 16.3357 16.5275
3 .4102+36T>G, g.344254+102A>T, g.66995—169insdelC 0.007929 0.007862 16.4677 16.6716
g.8778G>A, g.11500—117C>G, g.32330—48A>G 0.007805 0.007745 16.0938 16.3804
g.87T78G>A, g.11500—117C>G, g.34425+102A>T 0.007837 0.007759 16.1596 16.3950
g.8778G>A, g.11500—117C>G, g.66995—169insdelC 0.007811 0.007742 16.1677 16.3666
g.8778G>A, £.32330—48A>G, g.34425+102A>T 0.007936 0.007867 16.2606 16.4510
g.8778G>A, £.32330—48A>G, g.66995—169insdelC 0.007891 0.007779 16.3416 16.5314
g.8778G>A, g.344254+102A>T, g.66995—169insdelC 0.007905 0.007829 16.4993 16.7549
g.11500—117C>G, g.32330—48A>G, g.34425+102A>T 0.007837 0.007815 16.1210 16.3755
g.11500—117C>G, g.32330—48A>G, g.66995—169insdelC 0.007808 0.007709 16.0591 16.2512
g.11500—117C>G, g.34425+102A>T, g.66995—169insdelC 0.007869 0.007821 16.2347 16.4302
g.32330—48A>G, g.34425+102A>T, g.66995—169insdelC  0.007940 0.007869 16.3260 16.5135

9 2709 AT Agol o8 BAS) 3709 AEAGe] & Tl Aol7} 2A ST & 4 Ak
2.41024+36T>G2} g.11500—117C>G SNP2| A5 2Rg-0] sl¢-o] S-A3 o 7P W JFs =
the 22 ¢ 4 ek
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I 4.2. E-MDRYHO0| o|st CVC Z 2}

299 5 SNP u}# TS A WA=
1 £.32330—48A>G 4 7
2 g.4102+36T>G, g.11500—117C>G 6 7
3 £.4102+36T>G, g.11500—117C>G, g.32330—48A>G 3 5
i 4.3. ZH R0l Oioll MEfEl @4 SNPs =810l Tish &P d ZAut
o GNPs 23 ow}%_‘ﬁ A7 A3 (FAFE )
AFZAZFHADG) WAL (MS)
g.32330—48A>G 0.10100 0.01411
g.4102+36T>G, g.11500-117C>G 0.00194 0.00424
£.41024+36T>G, g.11500-117C>G, g.32330—-48A>G 0.00737 0.00367

g3t A8 B 7159 BAEAEY o8 f3Ae] #-¥E polymorphisme] & e
SH(LFEA ) SZA(ZUALE) FHF TE DNA markers
= g 7ls3s E-MDR¥H O FHes 2y, S33} S¥%] 432 F+=
TYES HAsgen, ©d SNPo| o3t JFFHTE A5 EE<Q SNPs ghol| o3t

= 2.4102+36T>G2} g.11500-117C>G
£.4102+36T>G2} ¢.11500—-117C>G,
Ao g vebgth AT ZHALE
3ol o5t &3t Aol7t A g

=3
FEHo MY Be 9% 3
T

> oN
fr Ho

SNPof| &gt x3to] 7Pt e 4
g.32330—48A>G SNPo| 93t =g o] 71 B J3gS
oAl 27§ SNP ol o3& &l xfol2} 3709 SNP
dAHE 3 & = Atk S, dESART 2UA
o 2.41024-36T>GE} g.11500—117C>G SNPo %
o] 3-8 §AN FHYRTF| TS F+= FHEke A
g.11500—117C>G SNP %39 4328 41 ARE
S8 IEd, 15EIE AlE & UL Ao &
MDR®HH S ARESHGITE a5 28

o oS Zlojn, 3 ApFof B

e dAT7oAel A% 58S HAske A7vt Besithn gt

(

Ny
rr

oz
bl
2

& ok wWebA o]E SNPs 23E
Holth ZelBE g.4102+36T>GS}
tol 34 AAFAS WLsHA =4
t AEAgo] #ET E2AYHOR E-
] A3E vaske A7t
545 A7t ojeh 2
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Abstract

Study the gene about economical characteristic of human disease or domestic animal is a matter of grave
interest, preserve and elevation of gene of Korea cattle is key subject. Studies have been done on the gene of
Korea cattle using EST_based SNP map, but it is based on statistical model, therefore there are difference
between real position and statistical position. These problems are solved using both EST based SNP map
and Gene on sequence by Lee et al. (2009b). We have used multifactor dimensionality reduction(MDR)
method to study interaction effect of statistical model in general. But MDR method cannot be applied
in all cases. It can be applied to the only case-control data. So, method is suggested E-MDR method
using CART algorithm. Also we identified interaction effects of single nucleotide polymorphisms(SNPs)
responsible for average daily gain(ADG) and marbling score(MS) using E-MDR method.

Keywords: Average daily gain, expanded MDR, Hanwoo economic traits, marbling score, single nu-

cleotide polymorphism.
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