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FARYY A3 AE AAE AN RS H A YA T AR A S MDRTE S A
2tk MDR -2 Ale-thz tolelofl gt A8 & 4= 9t} 2 =#of A= Regression tree &312] 53 T
W B3 ALY LUAZE AL OF WFE Highl 79 LowdF2 BFT22H, MDRY
Bl A5 dolEd A& & 4 gt AL 25 W22 A A€ Expanded MDR*¥H ¥} Dummy
MDRYPE-& §-9-2 2 7 A% A (longissimus muscle dorsi area: LMA, carcass cold weight: CWT, average
daily gain: ADG)to}Eof] H8-51o] 90 ZAF AN AFE T+ 52 SNPs vtHE 78131, Permuta-
tion testE 3 2 AAE W| 2 e}

ZFQRE0H: Dummy MDR, expanded MDR, SNP, 5+ ZAIE 2!,

1L ME

TALYY F2HEE AT B

U AR 2o WEY dolEe 3 Wit Be A% 450 2] PoAEE FF B
FE ATAE e M 28E 2 Aol oEg & Yok 2N A Ad F
2:(Multifactor Dimensionality Reduction: MDR)¥MY (Ritchie %5, 2001; Chung %, 2005), 2% ¥
Z(combinatorial partition method: CPM)¥H (Nelson %, 2001), A|$H F(restricted partition
method: RPM)¥H (Culverhouse 5, 2004) 50] oj&] Aol tigt 435 28-S AAsh= s
2 ek 58] MDRMPES A5 kol tia Waka 299l /el Qe MEsAel oz
2 g8 high-order xp-2] o]l 2 53338 #AE e o+ Atk MDR¥PEL AREES vl
2 HgS 53 SRS OF UFE high'@Fe) low TR ERT T EEAF YT 2 F
F&& vladte] B4 22t of MDRYHL Atd-ti2 2 o3 & dlolE o tis] AMS3h=
oz A4 viojEd tid) H-gshed] EAR ] BT o] BAME d5F FRUTERH
S/ oF BFE high 38} low HER 5731 ) 2317] 93}, CART(classification and
regression tree) 211 2]&L B-2-3h= ¥ ¢l Expanded MDR ¥ (Lee -, 2008)3 cjuji+& &
3 B EY daelEe 85k WH <l Dummy MDR W (Lee$t Kim, 2009)°] XS k. & =
FollAE of F7HA e w90 AAPE dlelHl Agote] Tpo] AP e F= F2
SNPs u}A & 39511, Permutation test (Good, 2000)E £3) 2 43S v] T e},
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Lacus 1

Locus 2
Lécus 3
Locus 4
Locus 5
Locus 6

Logus N
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Locuss

Models
Factors Error
16 19.25
1.3 2212
24 2433
2.3 2814

e oo b
o -1

3 1: case-control ] o]E] o] Al MDRYFH 9] A-g3473
2. E-MDRZ2} D-MDRYgHH

AE-th 2 doE ¥k A& 7153 7129 MDRYPES 4708k, A48 dlolejd] 2-8317] 913
A A1E Expanded MDR (Lee %+, 2008), Dummy MDR¥}Y (Lee 5, 2009)2) E4-2 2713t} of2d
= B9 AE 6| 23}7) 98] AF&-3) Permutation test2HH-S 4 7] 3},

2.1. MDRY'¥

MDR ®#P{-& guisld A3 238 Adg A A 71He 2o ofd 2ol theh 454 genetic

o 78S 8 3HA] erh(rhA] B3hd S AR 2y gigk 71g o] €2 Qlth. Ritchie
5 (2003)3%} Hahn 5 (2003)°]] ] 3lH MDR 2804 xS0 8 APs= AL casei} control 2 1:1&
T8E 2= Aoth. 13 13 thE stepol|A] case-controloll T3 MDR HPH S AJddh= AL B
o

Step 1. HloElE AHoZ 107]9] 2L 37|12 Yok 121 1 5 9/0E training set2 & 17]E
testing set 0.2 FT}.

Step 2. 2= SNP2HE| k7)) SNPZ T £ shub2 Aesic)

Step 3. A= E SNPZ o) A SNP2] Z+2t 4228 7122 3 /A S-S multifactor classes = cellsol]
71€8}). oS SojA k=29 A2 SNPE= 3719 420 2 o] g} ulebA] 32 = 979 A
= 7k}, 242k 970 9] Ao case] 3k3% control] ghE At
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Step 4. Cases} control®] ¥lE 78k 18} AL 209 high-risk, 120} 2Hed low-riske} 3}
& =59 18 199 A-$ case} control ] )7} 1Rt} 2o W o] AL jow-risko| T}

Step 5. K789] SNP] =3 AR A o9l 9/109) training setoll A 25 EFH d)-&¢) misclas-
sification errorME)E 73t} o)A AR BRFE wEU MEE {(Totalyg — Casepgn) +
Caseon}/N Ot} Totalpst= high 25 2] HA| gholt) Casepgns high152] HA| case 379
Z=0) 1 Casejpp= low 129 AR case 2429 olt}. 18l NL A vole]9] solt}, o]
A 13 MEE Foll 718 22 gk A" g

Step 6. Training seto] 4] high-low 2 Ve FE v} %] 1/102] d01E] <) testing set- o]-&3}o] 2R B
53 189 prediction error(PE)E Step 59] A2} 8} o] 3ic}.

2 ok 9] Ao vl v 10702 MESE PES] HF& 73 1 gtol 7P B A& best n-
factors 28 02 Aslt}; (Bastone S, 2004). 183 oA 28 zkzte] MEE ©]-83}9 cross vali-
dation consistency(CVC)Z 13l=H)| o] A2 10W 2] cross- validation2 A YT wf] 7} AJfollA] A€=
best model & 7+ E 31= Zlo|t} (Chung 5, 2005). wWebA MES} PEQ] HF o 7} ¥l CVC7 7HE
-2 ZFo} best n-factors 2.8 o]t}

2.2. E-MDR &g}

Expanded multifactor dimensionality reduction(E-MDR)¥4- case-control Hol&leljgt A& 75
3 MDRYPH S BA A2 287 sl AlekE ¥hd o8 CART(classification and regression tree) e
T2 5S o] MDRYHS 8ot} (Lee 5, 2008). 2.18 o)A 47§ MDRA7E-& H2}oll A Step
35} 49) AN A tHEHFE highF st low oz o] 23317 93 ER W47} case-control FHE)
7} Ejojok st} whetA BRMS7E A48 dlole Q] A o] 37t B1s A Fnt. E-MDRYHR o]
Al¥= Step 33 42] AAE CARTL IS §3 o] B3} L Aggoan A5y A5 A9
T MDRUHE B8 & £ U= AAE 7 elth

2.3. D-MDR %t

2xds7 A58 A9 MDRUPE A A8 & 5 g FAE A5 A AAE ohE A
© 2 gul(dummy)¥ 32 E-83F Dummy with multifactor dimensionality reduction(D-MDR)¥ (Lee
¥, 2009)°] ¢tk D-MDRH#MY& A2 s 2sl7] 8] drjvisE 288 3724 (ZH2,
2006)& 83tk &, FHEFE oudsg HEsty IAENE APk, HupdEs 3AA
FE9 AT HAZ 53] o]&3} st duZS D-MDRYH T Zo] 22Fe] MDRYPE A Aol A
Step 33} 49) Aol o] YRE|EE HE3H WY E-MDREHT D-MDREY 25 B7hihy
0.2 21404 28 misclassification error(ME)2} prediction error(PE)E t418}o] average squared
error(ASE) 2} prediction average squared error(P-ASE) S ARE-31) (Lee 5, 2008; Lee 5, 2009).

2.4. Permutation test 2t
= o) AFE n)58l7] 98 B =50 A)= Permutation test (Good, 2000)8 £33} p-value & A}

23t} 2o Ao} ube} Permutation test-Z A3 3Fg o}

HAH. AARuABe 7Hd A% - 23289 AXE T8 A" 5 SNP vhA7E BA B2 93
o] Atk
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A2 $AYT A9 4% - RO ASY BAROE high 1EY] FFL 49, AYH SNP v
Al 28 ‘high TF2] Bo] 1F vl HE A2 HRAL w) Mk ¥rhd AL 9
o] girkn DY,

A3 N BEAY SAF AL - 7 AP dIHEAS HelHNE rEsE B8
MDRE #0] &3] A2 high' 153} ‘low' 2502 0|23} A7 ¥ high' 18] HFL 7
A},

Arka. BEA) ANGH ANGD T FAG AL - F 159 dolHE w) BF A 223 2
245 VAT F 2 high TR B#E T o FAL 10,0009 W& A

ol

Axs 22 -7 BES WX o2 FES 5 7|29 H73 vl 2 3te] Monte Carlo®] #2188 3t
?@E}. A2} 247742 1004 A1 (10702) FA8 Hlo[E st A FESS] BdGe

Ro)4ERTH Ao 44D $4 SNP 077 AA Bl Gl ke 7HEL A

48 4 o m
o

919} +9 772 53| E-MDR®4 7} D-MDR= 0l 23] 4 8% SNP v} Sl th# p-value S ¥l&
3 ATk 3ol 2304 AT E Y S S Be R ADE Urhi,

3. E-MDRYHH 2t D-MDREY | M2 9 A}
3.1. dedXtz

2 AL dolHE P53 712N AR A A 7)dks 9131 16grand-sire half-sibs families 25
B 22959 2 olA & AT AT 2o 7 AAPEZ A SATHHA(LMA: longissimus muscle
dorsi area), = A (CWT: carcass cold weight), & =3 2HADG: average daily gain)2 2 Fl A}5=0
28E S AT FRFNESFRAL F40) W} 245 9rh.

A7 ol e SARAEATSE, SALEA, SAVA, A9EADL, 2UATE)TH A%
o] 1+ SNP u}l# (marker) S ©| L¥71=0l A B 7ps o] X At 245 1 9T (Barendse 5, 2004; Page
£, 2004). wetA 2 ¢170) A= EST-based SNP ATA| S (Snelling 5, 2005)9] 4] Kim S (2003)0]
&) 13 HolA 3¢ FAA 6ol X8 TR QTLQ ILSTS035% 28 Aol 9l SNPE 3
A o] LJeRd SNP(19_1, 18_4,28_2)& o] &35} t}

3.2. E-MDRY o] M2 A}

5 ‘%‘H’S‘(LMA), ZEA5(CWT), €9=HZADG) ths] SNPe] = 3tof tfste] E-MDR 33
£ 10 ¥R A UL ASES} P-ASES] B@7} 10Me) wlES oA 1} e 7|E02 CVCE 7
3 @4_ Ztz} & 1,29} 2ol UERATh E 1,28 o) 2E AP QoA 511} SNPol o3 F 3}
R} 5 7je] SNPERo] o8 37} O & Ao UERtow, SNP(19.1)7 SNP(28.2)2] Z ol
o8 £ AR & Ao Lehgth

TG (LMA), EAF(CWT), L3S AZHADG) thsi SNPS| 23t tféte] D-MDR 4
‘iﬁﬂﬁi U2 ASES} P-ASES] 7T} 1099) B8RRI A L e 71EOZ CVCE T
= 77} £ 3,49} Zo] UERR oo, E-MDR¥ME P 0l a7)K| 2 sjuie] SNPoj| o] 3k &vR T
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I 1: E-MDRYPH o] 9] 3} average ASE 2} average P-ASE 2 3}
LMA CWT ADG
2995
A4 SNP v} 74 ASE P_ASE ASE P_ASE ASE P_ASE
SNP (19_1) 58.872 59.251 1074.21 1087.07 007262 007218
1 SNP(18.4) 61.268 61.479 1100.73 1111.79 007410 007384
SNP(28.2) 60.615 60.875 1093.52 1099.03 007335 007275
SNP(19_1)xSNP(18_4) 58.514 58.311 1071.66 1076.53 007215 007253
2 SNP (19_1)«SNP (28_2) 57.875 57.409 1056.55 1044.73 007003 006990
SNP(18.4)xSNP(28.2) 59.862 59.160 1069.90 1080.04 007203 007313
H 2: EMDRIR | 9% CVC A3
a2 SNP v} # LMA CWT ADG
SNP(19.1) 10 10 10
1 SNP(18_4) 0 0 0
SNP(28_2) 0 0 0
SNP(19_1)«SNP(18_4) 0 0 0
2 SNP (19.1)=SNP (28.2) 10 10 10
SNP(18.4)*SNP(28.2) 0 0 0
I 3: D-MDR® ol 2] 3 average ASE®} average P-ASE 2 3}
LMA CWT ADG
2994 ‘
15 SNP vt ASE P_ASE ASE P_ASE ASE P_ASE
SNP (19_1) 59.051 58.501 1689.17 1085.70 007311 007269
1 SNP(18_4) 60.548 60.039 1102.76 1095.87 007465 007427
SNP(28.2) 60.652 60.139 1103.75 1100.68 007463  .007423
SNP(19. D+SNP(18.4) 58.351 58.043 1080.12 1070.78 007243 007242
2 SNP (19_1)+«SNP (28_2y  57.793 57.429 1043.67 1031.85 006990 006947
SNP(18.4)xSNP(28_2) 59.110 59.239 1077.68 1075.50 007302 007263

F 4: D-MDRYHE o] 9 8 CVC A3t

L9025 SNP 1} LMA CWT ADG
SNP (19_1) 10 10 10
1 SNP(18.4) 0 0 0
SNP(28_2) 0 0 0
SNP(19. 1)*SNP(18_4) 0 0 0
2 SNP (19_1)+SNP (28.2) 10 10 10
SNP(18.4)xSNP(28_2) 0 0 0

SNP2] 7‘?"“ % 7Y F2 Ao E UERo vy, SNP(19-1)7 SNP(28_2)¢] 23l o ¢ &3
7F 7P £& AR YEhgith

32853349 278 B 29 A B U G o) 7H3 Be SNPs £ v EMDR
D-MDRo| 23t 2347} FL3A vetstos, daFge] 7 $2 SNPs Az Yehd SNP(19 1)*
SNP(28_23y 2% ulA 2 average ASES} average P-ASE 742 29 D-MDRoJ| 213 3fo] & v & 21 &

e ¥ 4 stk 34F A= E-MDRE D-MDREH off 98] 1ol A B3HE Permutation test2] 2=
& F3 vimdich
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F 5: E-MDRYHE of] 2] 8} Permutation test 4 3}

4 44 e relse &

SNP w7 R A= TTEA G
SNP(19.1) 0.04900 0.04264 0.03651
SNP(19_1)xSNP(28_2) 0.00658 0.00996 0.00484

E 6: D-MDRY Y 9] 2] 3l Permutation test 2 7}

EEEEELCE T

SNP v} = aws A= TI=AT
SNP(19_1) 0.03506 0.04574 0.03579
SNP(19_1)xSNP(28.2) 0.00214 0.01125 0.00255

o] HAN A

=2 oo

34. }

=
238 A 4713 Permutation testS 3h}e] SNPo| 2]3)k a3} & 713 & A2 = LERd SNP
(19.1)3} 7 SNP 2§l 93t &3 F 71 52 222 Yehd SNP(19_1)«SNP(28_2)°l thaf A&t
AAE 7 52 & 69 YJERIATE Permutation teste] A3E B {oj4F 00594 5 723 A
22 Uepghon, dtite] SNPof of st E3}H ch = SNP] 2ol o3 37} o] /9 3HA vielyitt.
E-MDR*}}{3 D-MDR¥'Y EF 5U3t 228 Vel &S & 4 Jov, F W9 p-valuegk
= B9 SATEHLMA)G dZF5AZFHADG)A D-MDROY| 25 2349] p-value?t & § @2 A

M+
EJ

o]y dlolEjot A& 7153 MDRYPH S BAH-E 312317 A% w2l EMDRYH - D-
MDR*}H & 2703811 o] W EL o] &3l ALY tolg| & o]FolF h¢-o] AAFA dlojelof
& sttt E-MDRY¥ 3 D-MDR®H o 2 8-3lo] ASE, P_ASE, CVCZS B3 24% 23 + %
HRE A% 229, vhY SNP markero A= SNP(19_ 1) marker7} 3+9-2] 7 A3 Foll Hak-S Hol
Z9on, F Mol SNPE3 markerol Al SNP(19_1)+SNP(28.2) marker7} 3+9-9] AAS Ao 43
& 7Hd wo) = Ao ® 1bebt o m SNP(19_1) marker2} SNP(19_1)«SNP(28_2) marker®] ASE$} P-
ASEE u]w 3 23} SNP(19.1) marker$) 3hube) S4A1e] &3 K = SNP(19_1)*SNP(28_2) marker
o} Zro] 25t g FAEAT 9] AAY A o B2 L F= AAZ VETE F g
Aol sl v 3 232 D-MDRWH o 2]3F ASES} P-ASES] o] £ 1 w2 Aoz Jehge
™, Permutation test AN M= SAGAAT FEAFA A £ o Fo g o2 bt
=
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A Study on the Comparison between E-MDR and D-MDR in
Continuous Data

Jea-Young Lee'%, Ho-Guen Lee“

“Department of Statistics, Yeungnam University

Abstract
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, two methods are suggested E-MDR and D-MDR method using regression tree algorithm and dummy
variables. We applied the methods on the identify interaction effects of single nucleotide polymorphisms(SNPs)
responsible for longissimus mulcle dorsi area(LMA), carcass cold weight(CWT) and average daily gain(ADG)
in a Hanwoo beef cattle population. Finally, we compare the results using permutation test.

Keywords: Dummy MDR, expanded MDR, Hanwoo economic traits, single nucleotide polymor-
phism.
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