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MULTIFACTOR DIMENSIONALITY REDUCTION(MDR)Z
0|8¢ ot EAMS0AML =2 SNP 7Y~

2 o
Ao A7e AU e AAAA FAL st FAA} opd olel &
AAe] AEgon doldtn U Yok God B A7l e AUE ARRSS
EH‘%I%@Z}?J o] tFHoz TN AAY 75HA FHF 7txg AH
Aoz FAHE 4 Q1+ single nucleotide polymorphism(SNP)-& 3¢9 AA 2 &4l
J_Zil-g(carcass cold weight)ol] tf3lo] 242 ¢l Wyl ¢l ANOVASE v 242 9] vy ol
multifactor dimensionality reduction(MDR)< ©]§3}o] dlube] A Xxte] a3e} F 7|

of A7 A5 AL AFE WL YTH ANOVASI AL shte] §77) SNP1o] £
Fol fo8 A7} AT AT AL A E EAFO] 28 FIE AUk MDR
oAe shte] $A7e] &3 SNP1T F 7)o §AAe] 445 282 SNPI*SNP2]
77 o SNP17} SNP1*SNP2E H] 73S Ao = SNP1*SNP2¢] & 77}t =24
UERgkeh o) A SNPAAF Hr) B SNPG AR AT g0 AAAA E49
EAF0 o JFL Fop= AL X 5 ok

FQ80o]: SNP, ANOVA, MDR, =A%, CART(classification and regression trees).

1. M2
A7) AW == 75 AAAA S0 At AR HE AT e T8
3 BAAOlT AkA oz Aze AAT 15 AAA SAS shte] $AA7) opd
oge) §AAY AEAEoR Aolurha N ek TeA o)@ ol §AR] AT
= 1HT RYPORE APRY T2 2F SAH REE ARSIt 2 Ak 7
Be A% A5des 280 RolAnE £ 2459 4544 U@ )47} 2Ag
A7gste 2ol o2 & QUth 2| v E oY fAAY S AE et 233tE A
ST B Ap5a HolB Aol BEgol 4L S5 Ak o Aeol FAAT 27} o
A Jebd = At (Hosmer®} Lemeshow, 2000). L&A $8l= oj 2] A R}o] st A+
S 28-S AA 3= WY 2 E Multifactor Dimensionality Reductiong 47l $FtH(Ritchie 5,
* 2 ATE TEE A4 AETAATEY AY(2006) 22 FHEH S
1) (712-749) ILAIA =} 73% A2A % 214-1 GFstn A8}, 24
E-mail: Jlee@y ac.k

2) (712-749) 74 M] % 214-1 G SAET, vk, Ak
E-mail: kitty2142@ynu.ac.kr
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Atk 2A B ATl s T AP A =AF (carcass cold weight) ol &
A AAHE MDR %< ©]&3to] ZrotH g1 A= F3ith

£ A9 dl o]+ Korean cattle (Lee 5, 2007)A == Ao 57 F L3 71570
F AR LA N 93 16 grand-sire half-sibs familiesZ F- ¥ 229F 2] £=FolA 2 74
HoRAth EAFE BE F1 AL o2 7Y AR xS A=5 53 E4Y 449
et 54 FH Atk tREE9 QTL A7+ A 27 2 A vk vl (half-sib) o] A sire£]
g E -5 A A7 7 A= = microsatellite marker& ARE-$C 28U QTL 349 2352 &
ol A-&5t7]17F 8] A gHA olth. fkstd Z|E A ol A QTLE tha A = F35 oA
7] 7] djZolth mEtA W2 At E ASETS HHFAAY o] HFF o=
A AR AAEY 7]5AH FHA HAE AFH R FHF 5 Y= single nucleotide
polymorphism(SNP)& 3t-¢-2] ZA| 2 S tf3}o] genetic test] 7ito] o] §3hc}.

AN7A Lo EAZ (AT, SARTA, SHAGHE, ZUHAYE)Z Aol
A+ SNP markerE©] IRb7tS oA H7ts oA X ALy A85 3 It} (Barendse 5, 2004;
Page 5, 2004). wela B AL A= EST-based SNP AFHA| T (Snelling 5, 2005)0]
Al Kim 5 (2003)° &3] #3 FHojx gk A 6 943 candidate QTLSI IL-
STS035 microsatellite marker ¢} Z+-2 Agleo] 9l SNPE = polymorphisms7} YERG
31465_446(SNP1), 12273.165(SNP2), AH1-4(SNP3)E A%t (Lee &, 2007)3}o] =7} & of
AARS 229%0 th3t AAH DAY =AZo] tfdte] ANOVA(Analysis of variance)d 3 23
o &2 EASATE e oA det 213 o] FAE AL RYPL R4 AT Gl o
el A T By Aol ol 4 Atk T#A AT Y BT AAE BHE 5 e
MDR %R 2 A&l Bl gt} o] AFo|A HolE o FAFAY EAFol 45T A=
o] 7] wjZof WA dlolgule]yd 7]¥H S 3ol CART(classification and regression trees)w
MO R case-control2 o3} A7l o] MDR ®Hol AEA ALY & =82 53 2
o] 7% Atk 2H o A= ol AHESH A I MDRe| tiste] A70E shal 38 oAl =
ANOVA, MDRE& A &% ZHE HoEth 48oA = AF 235 8°F Attt

)
MDR *{ 2 duislsel A3 23 A5A 54 7|HI= 2 ojF B4
4 genetic 2P ] 7t S 7R A E:
Aol B2 ¢lth). Ritchie 5 (2003)} Hahn 5 =]
At AL case?} controlS 1112 F-S FEE Zoth thS stepoll A case-control ol
gt MDR W& Aldetes RS HoETh

A

Step 1. Ho|HE AFo 2 1079 & =Z7|2 Vel 2812 25 97]E training set ©
Z 17} £ testing set > & Fr}.

Step 2. 2= SNPEHE k7}o] SNP2 3 = s1}2 Ae sttt
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Step 3. A &= SNPZ oA SNPY] Ztz &8 7|2 & 3 7fA| & multifactor classes
T cellsol] 713tk A& oA k=2 € AF SNP+= 3719 =502 Ho it
meba] 97 AS 7R bz 9709 Aof| cased] g3 control®] e AT

Step 4. Case2} control®] v]E +3}o] 1H ) I AY 222X high-risk, 12T} 224 low-
risk2} St o] & S 13 199 % cases} control®] W7} 1H T 2o o] A
low-risk | T}.

Step 5. K7l 2] SNP2] 23 AR A dlo]ee] 9/102] traing setol| A 25 EFH vj&<
misclassification error(ME) S F-3tc}. o 714 2R 78 B & 9] ME= {Totalpign —
Casenigh+Caseloy } /N 1Tk Totalp,gn = high159] AA| gkelw Casepign + high1
59 AA| case A FolH Casejppe= low 52 AA| case A9 ot} 28|12
N A dlo]ee] F=olt}. o]FA 3 MEE Sl 78 22 3 A9 g

Step 6. Training setol] 4] high-low2 Ur & Y A 1/109] o o] E] QI testing setS o] &
3to] ZHE BFE 8] &9 prediction error(PE)E Step 52| A 2] 9} Zro] L3t}

3 ok A9 A9 vHEoA W2 10719 MES} PES] B+ 73l 1 gtol 7Hg w2
Z1& best n-factors 28 02 A3t} (Bastione 5, 2004). 283 oA 38t Z+2ke] MEES
0] 83} cross validation consistency(CVC)E F3}l=t] o] 212 10 2] cross- validation=
Al e o] 2 A3l A AHE best model S FH-2E T Z o]t (Chung 5, 2005). wehA
MES} PES] o] 7F4 Y11 CVC7F 78 =& Zko| best n-factors 23 o]t}

3. 2=t A4

3.1. 2 Kz

o] HolE & HEY43 7I&EMEF AHFa0A /EE ¢ 16 grand-sire half-sibs fam-
ilies R B 22059 SgolAz FAH I ATh BAFL BE Fl ALoziE 245 ol
A =S AT THZ ALY 400 et 54 H Atk 28 3L polymorphisms 7} LERG
12273_165(SNP1), 31465_446(SNP2), AH1-4(SNP3)E o] & 3191t} (Lee 5, 2007).

3.2. ANOVAE 0|88t &H|Z0ll st SNP H3f
F-7-o FAPF A that FAZA 0l ol 7HF 712 o] He HdS o= JRAS 2HY
o] 2 7RAIS] FAAP o 5 T} B Bt st AAF A= Aotk &, A
of et P th} Zo] F FEC=E s 5 Ut
P=G+E. (3.1)
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’ o =

i 3.1: SNPL, SNP2, SNP39| F &35 o8 450 B27 EE AR} Pvalue

Marker ‘ Genotype ‘ numberof Animals ‘ T+s
SNP1 AA 16 294.19426.999
AG 75 303.97+£31.227
GG 138 313.61+£34.369
signi ficance(P—value) 0.020
SNP2 CC 45 305.89+£29.071
CcT 112 307.70£31.698
TT 72 313.28+38.015
signi ficance(P—value) 0.662
SNP3 AA 54 307.74+£35.971
AT 118 313.17+£33.754
TT 57 301.95+£28.786
signi ficance(P—value) 0.703
Yijiw = p+ Ci + S5 + Bage + My, + €45k, (3.2)
(P) (E) (@)

i=1,...,¢c, j=1,....8, k=1,....m, I=1,...,n.

AN Yijme EAF o3 C;(contemporary) = =5 A 23} %
2 1% ZFoln ;& sire 2EY AW T} M= SNP upA ¢
Sk B AAF, e N(0,02) FEHSFo|t) 2 87 &4
Fol 4FS Fv A= SHEH/ET FAAE T A o] At wEbA FRAAR L
SNP7} EAF ] od & A0 gk ANOVA TA 4 232 o2 2t

Yijk = i+ i+ B + i + (@B)ij + (@y)ik + (B7) ik + i, (3.3)
i=j=k=1,2,3, [1=12,...,n.

71 A Yijue EAZF Ol e SNPL, B+ SNP2, v, & SNP3¢] Hth 2183 e
N(0,02)9 g9 ot TAE0] th3t SNPO| 3S B 7] 931e] 92 ANOVAR o]
A &5t A3 otef o} 2ok

9 7 312 571 T AR 229FE ©]&5te] SNPE2] FR Il thdt =459
B BEAAE 7ot A7l Wl ANOVAR o4 SNP] genotypeztell =A% <]
Bl &)zt Aol st P-values 73 Zlo]al & 3.2 SNPEY 2709 FZ2&
of thate] % 3.13} Zo] RATY o BEAAE F3 A7)l wet ANOVARH
ol A SNP9] genotypeztoll =452 ol 2tol7t A=Al gt P-values T3 210
o A3E B 27l A5 g tiet A3 BEF FAHSE AT 93 Ao
7F A ekskem 1718 Fa o) thdk 212 SNP1o] SAH & =AFol 23 2+
o] (significance = 0.020)7} At} & 4 T} genotype©] GG E}Y ¥ A-F o= YR}
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# 3.2: SNP1, SNP2, SNP39] 279 AEEHE0] 3t 259 FFH =29} P-
value

Marker ‘ Genotype ‘ numberof Animals ‘ Tts
(SNP1*SNP2) | (AA , CC) 5 307.00425.436
(AA, CT) 6 283.50-£27.472
(AA, TT) 5 294.201+27.689
(AG , CO) 15 303.07+£32.101
(AG, CT) 35 304.03£30.014
(AG, TT) 25 304.44+33.594
(GG, CC) 25 307.36228.860
(GG, CT) 71 311.55£32.090
(GG, TT) 42 320.81+40.211
signi ficance(P—value) 0.322
(SNP1*SNP3) | (AA , AA) 3 292.33+11.015
(AA , AT) 6 207.83£39.163
(AA, TT) 7 291.861+21.965
(AG , AA) 19 296.84£34.012
(AG , AT) 38 312.74+29.431
(AG, TT) 18 293.00+27.903
(GG , AA) 32 315.66+£37.044
(GG, AT) 74 314.64+35.502
(GG, TT) 32 309.19+£29.205
signi ficance(P—value) 0.243
(SNP2*SNP3) | (CC , AA) 10 311.10£28.521
(CC , AT) 26 308.73+32.189
(CC, TT) 9 291.80+14.641
(CT, AA) 31 309.39+£35.861
(CT , AT) 50 306.78+32.783
(CT, TT) 31 307.48+£25.918
(TT , AA) 13 301.23+£42.748
(TT , AT) 12 323.52+34.103
(TT , TT) 17 297.18£37.323
signi ficance(P—value) 0.135

U EAF] 2 AL @ 5 Utk HAT S FolA AAFIA £AF TS
FAA7E A2 SNPRAAE ok of el 7he] BAhek SNPR AR FEAGo] B 37
o @3 Qgith 18U ANOVAE ol $3 BHelA L EAFe) 452 o] =

Qe A% UEETh ANOVAE EA150] 932 5t 202 shte s 455

o

- =
892 DA 2ol A5 BYS ASHLE St Thold srie] mu, 4
Szgolw A2gEY T2 sk Pl MDR 2 H o] H83to] B AT
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3.3. Multifactor Dimensionality Reduction(MDR) 2812 0|E9%t 24

04?4 el AR FEAge] BAF A o 4TS Frh
£of )3t high-order x}=2] Hjo|E 2 E=3135F #HAE o+d
']—01] HAE | H A MDR 92 case2} control dataol] A o &
ko] AZ LS IS T Atk BAF 94F S T+ SNP§-4 AT AES Yoth 7]
3 e g MDR W< o] &3tk MDR %2 case?t control + F-2 208 o] ] of
5}l case2} controlo] 1:12 Zrofoksitt T A dojHo X+ A5 W57 A5 o
olglolt}. 1A It MDR o AL o Qith el A dA s A5 W
£ glo]gntolyd 7]} = CART Wi o=w case—controli U+ 5 Ritchie 5 (2003)3 Hahn
% (2003)9] MDR o] & &3t}

i

:I
=
o
X"
f >
i

ofo ox m\l
}01' °

_4

Step 1. £4|5 W4 E CART Wyog olR3E X7t 18 3.19 STEP 18 24
CART HoA =A== A4+E ]—ﬁoi 539] case(high)2} control(low)& U} 3+
o] At} o] 71 A caseLF ©] 5471 controlZF-©] 1757 2 U0l A=t o] F A o
A Ho]E = 1:10] H A ¢¢o =7 SPSS clementinl0.1S ©] 2 3}9] case 1 17571 &
7Nl ® g8 T3 AT ol¥8A S5 350FF o8&t th Step=ol &
&3tk

Step 2. HlolEE AP 1049 2L 272 vheth 223 2 F 9/4E training set
07 A3} 17 £ testing set 22 A ST},

Step 3. 3719 SNPEZHE 2719 SNPZ & & 35 A =5}

Step 4. A& H SNPZ oA SNPQ Z+ZF &8 7|22 3 7N A & multifactor classes
= cellsol]l 7)€ttt 9o 189 STEP 49} Zo] 27)9] 3ol g 32 =970 Al
< 7]—3_]1:]—. 2+ 7y 970 2] Ao cased =49} controld] E4E A=t}

Step 5. Case®} control®] BH|E F3to] 1H T} I ALY 2O W high-risk, 12T} 2FoH low-
riskg} 3ttt o T HE 13 1499 729 casel} control®] H]7} 1.3330]2 =2
high-risk 7} &t}

Step 6. 2712 SNP2o] 23 AR oA dlolE e 9/10Q traing setol] A Z& 7= |
¢l misclassification error(ME)S 3t} §19] I oA H MES o] 71 =+
SNP13} SNP29] %35 A8 gic)

Step 7. Training setol] A high lowZ e 22 U7 1/109] o] o] €] 9 testing set-S 0] &
to] 2 B 79 v]& 2 prediction error(PE)E -3}

o] A% 2712] SNP] A& 280l t)ate] Step 2~Step 79 HALS 109 WHEA L}
MES} PES] 3} 1091 9] v Ao A U2 ge 7|22 CVCE 73 23 22
Hog stute] SNPo| 3k MESE PES] g3} CVCY| A & 3.33% 3F 349 Zo] U
Ebute).
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- et | STEP 2] wp [STEP 3 | === [STEP 4
STEP 1 S
Bl iomih B 10 !
oC CT TT
CARTresresmon ireel 5
Girade BAA :
Factor P 11 7 p ¢t
amer ; * SNE1 N G e e
% swp2 PAG|ww | g |¥ e
SNE 3 _._.__.J_._L

STEP 7 @——  [STEP 6| @ [STEP 5 |
SNF 2 otk
o T TT CC CcT TT

an (S Models AL B © .
:l L - ] Factors Error "
& Ac [ 12 03589 J AG 1 0678 | 0571 |
1 e L [t o | 13 04108 °

ey 2 L] - 3 - 23 04268 Ga | 0333 1174 2288

13 3.1: £A3%0f tste] SNPEL o] £3F MDR ¥ 28314

® 3.3: EAF0) thdl SNP Z+zF 239] average MES} average PE A3}
Numberof factors ‘ Marker ‘ averageM E ‘ averageM E

1 SNP1 0.4299 0.4412
SNP2 0.4478 0.4971

SNP3 0.4322 0.4588

2 SNP1*SNP2 0.3713 0.3853
SNP1*SNP3 0.4131 0.4353
SNP2*SNP3 0.4226 0.4706

$19) £ 33 MDRIE S 109 939 ¥ 27ke] SNP 2] o3 MES} PES] 22
2 3 7kolt}. Best model-2 average MESQ} average PE7} 7F3 e 212 A 3= 9
o] E HH 3kt Q9o that Eol A SNP19] average MEZ} 0.4299. PE7} 0.44128
74 @A YERg L £ 29060 ol gk E 3ol A= SNP1*SNP29] average ME7} 0.3713,
PE7} 0385322 714 we A= Uehgth webd shite 2 elolAs SNPlo] Ags 9
= 7)) 2910 A]= SNP1*SNP27} A els| Qi) 18 1 SNPlSl]— SNP1*SNP2E W 4

£ §3}¢] SNP1*SNP29] average ME®} PE7F ¢ @2 AL & 4 I} webA] sty
Aol 8 B OH AERE] 03 Ao O Boke A2 % 4 o GOz

o
l=0f—{
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% 3.4 £A%0) B3 s §AREHS} T A 45 AL TF) OVC 2

Number of factors H 1 H 2

Cross Validation SNP1 | SNP2 | SNP3 || SNP1*SNP2 | SNP1*SNP3 | SNP2*SNP3
Interval ME ME ME ME ME ME
#1 of 10 0.4299 | 0.4522 | 0.4395 0.3599 0.4108 0.4268
#2 of 10 0.4236 | 0.4459 | 0.4299 0.3758 0.4204 0.4204
#3 of 10 0.4299 | 0.4427 | 0.4331 0.3758 0.4076 0.4045
#4 of 10 0.4236 | 0.4395 | 0.4299 0.3694 0.4108 0.4236
#5 of 10 0.4268 | 0.4459 | 0.4140 0.3599 0.3949 0.4045
#6 of 10 0.4363 | 0.4490 | 0.4236 0.3790 0.4236 0.4236
#7 of 10 0.4427 | 0.4490 | 0.4459 0.3694 0.4172 0.4363
#8 of 10 0.4363 | 0.4682 | 0.4522 0.3726 0.4076 0.4395
#9 of 10 0.4299 | 0.4395 | 0.4268 0.3758 0.4172 0.4236
#10 of 10 0.4204 | 0.4459 | 0.4268 0.3758 0.4204 0.4236

count T 7 [ o [ 3 ] 10 0 0

CVCZAF (& 34)5 A H A}

o] = 109 cross-validation= A 38 uf] Z+ A] 8o A M & H best model S 7} E S gk
o] CVCELa 3t} $19o] & 345 H ™ #1 of 108] Al oA MEZ} SNP19] 0.4299, SNP27}
0.4522, SNP37} 0.43952 2 SNP1o] 7}% zZom 2 SNP19o thste] count +1 3ttt &=
1085 Al3) & w & 3.49} Zro] SNP1o| ZF AJg oA 7} £ B3 oz Hdgd 2o
7H o] 7] ] &0l SNP12] CVCx 7o] HEt}. SNP1*SNP2 A Z+ Ao A 71% £2 1Y
O Z 10 AEE 7] W&o CVCE 100] Et} wahA] & 3.33 & 345 B 2 best
model& 8 Qo] s 7H Y wj &= average ME$} average PEZ} 7} w11 CVCP) 71 =&
SNP1 set2 AElE 17 2910 T+ 7} 4 uj& average MES} average PE7} 713 w11 CVC7}
A =2 SNPl*SNPQ set©] & & best seto.E A EHH g T}

Fole HEAyel e A = 750 BASA 0431 A Aol #&EH polymor-
phism®] 23S o] &3to] 42 9l Wb el ANOVAS} vl 242 ¢l ¥y ¢l MDRS £ 7R3t
ATh 01§ s Agste] EAIS ¥ T SNP%g 33} 41 A =3 A3 2

491 9419 ANOVASIA &= SNP1o] A5 ol 5918 Aol 7} 917 A5 ol of & 3%

2t A0 vehgnh S48 v ESHA P MDRYH Oﬂﬂh 3ke] SNPo A =
SNP1o] £ A% G Bol FAC F /19 FE2E A& SNPI*SNP27} JFE B

o] & 7,{;% & 5= AA ok E=3F SNP1YF SNP1*SNP22] MES} PEE H| w3t 23} SNP19l

shibe] R AR 3} Hrhe SNPISNP2SE 2ol 45480 9@ FARA/ 245 73
ABAN ) e FHE 21 2 WA SHEA CVC 42 Aokl 4 SNPIISNP?
A7t AFEF Yol WA AT mebd B9 EAF JFS T SNPE FYTHE B
ANA B5H 9 B ANOVAR Fo A vhehib] 9 723 45480 #AD A%
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7k MDR #1o] )] 785 o] ek

g MDR ol A A4 A2 t| ] Bl 7} case-control 2 o] o] & o] ofs}7] ufj ol A
£9 ARE AST 5 AThe AolTh old FARE A2/ AAA £ AFAALE =
AE W59t 2L A5 Ane & YolAsh 2ol £AF WHE CART /Hog ue
case®} controlZ & F ol MDROﬂ AL 4 9ot 1837 E o8 EA A o2 MDRYW
e AuAoz 4o HE 48 10 AP0 YEAEE FUHE HEFAY Pl
ol FAA 1 BE AT A 4] B2Gol U ¥ A 4 5 ALk A 5
SNP 87ke] 27} 107] o149 A9 SNP A 107] AEAGoIAS] EHE B o
50049709] A2 Lpol A7) mEo] Be A ool B3kl it A9 AU B ol
A= SNP A AFe] =71 37§01 7] wjZoll MDR %ol A8 4 Ao, W SNP
AR B¢ daa-&tgel EA7F A2 H dF=HojoF & FEolnt.
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Main SNP Identification of Hanwoo Carcass Weight
with Multifactor Dimensionality Reduction(MDR)
Method*

Jea-Young Lee" Dong Chul Kim?

ABSTRACT

It is commonly believed that disease of human or economic traits of livestock are
caused not by single gene acting alone, but by multiple genes interacting with one an-
other. This issue is difficult due to the limitations of parametric statistical method like
as logistic regression for detection of gene effects that are dependent solely on interac-
tions with other genes and with environmental exposures. Multifactor dimensionality
reduction (MDR) nonparametric statistical method, to improve the identification of sin-
gle nucleotide polymorphism (SNP) associated with the Hanwoo(Korean cattle) carcass

cold weight, is applied and compared with ANOVA results.

Keywords: Single nucleotide polymorphism(SNP), multifactor dimensionality
reduction(MDR), carcass cold weight.
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