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2 o
Aol AAR B4 BRAA 2o KAAY 299 G won, me shie fAKL
ohd ofe] fAA) AEAge] JFS WeThL LelA Yok B =EolNE AYNARYS B8
3o 44 80 BAT AT F99 U3} FPo) FYL FohT WA ARAGHELY &
Ae S5 fA% 2YS BT 95 F

AQ/THEA 5AE o83 90 AA FAo) IS )
A WAL, o2 ol Heleisleld /1A A3
@

U olgais. #4928 AE )

(1092 Frsin, T8 doleiold 448 % % 458 doltol 28417 FY=g washyl
h 1 A5 500 24 THSE AAHALH, C0%) A IEE B S 0 22
GECT S

Fo80: TAA/IHA, Heleiutold, AAFAHEL, CART.

A B 3129 (monounsaturated fatty acid; MUFA)2 4117]9] g} R0 J3FS n] %
H, & 914k (oleic acid; C18:1)2 MUFAS] $4] 92 g2|H 4317] el Ylo] A} (Melton 5,
1982; Mandell &, 1998; Matsusushi &, 2011; Oh &, 2011). 8|2 £317]¢ ZUWAH= (marbling
score; MS) & -——1—7]«1 o] Fa3 A%®7F HI gtk o] gh g AAAJA EAL & FAA
o &7} ohleh ole] fARe] EAE 0w Aojuth WekA RAXSY AEAEL AP 5
qg wASHr F28 Qe At
2 AFoA e Y B S dFS A= FAAA 8S Fax} dlo|Euteld (
3, 2A2E 372, C5.0, CART)< o]§ste] Al FA 2 A4t (C18:1), dd=E3}HA]
(MUFA) YA HE (MS)Q} A ARSI & 4 (fatty acid synthase; FASN)S] 571%] ©+d

single nucleotide polymorphism; SNP)3}e] A#AAS Lol 11, 7+ AA P A JgF2 v A=
'J @Y SNP&} SNP 2% 1‘“44— T AR S Asgith. HEo] AEd 9 FRAE ol
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2} 8749l 2950 QL W) uRol, DAY 2AL WAL Ao AA Fol S ul%
£ H049 29 37 A4 ARHNEGE BEte] DA 29 o} AP BAY A
< o] &3t} (Lee%} Jin, 2012).

£ A7e thew gol T 2Bl $5 HAK 2 DI ANA AT BAE
2 2715, 38 E BAAQ 29 B G Holertold /MES A g, 2 7]
MEY AREE vwstl AFRIL ARV 4BNNE A8 BYL o)g3) B9e) A4 Fol
FPL ML P4 FAAEES FAAGS BV 5BANE A7) ADE Lopach

2.1800 M= -2 ARBAL 2de A A A AF RS sk, 2280 e
FTES Al ARE dlolErtold ZMES T Ao R 2.3-oMe «dAA e 54

P

Px= 7MAIe] £9Y (phenotype)o]al E+ 37 &<l g3} (environmental effect), G= 422l
7} (genetic effect) o]t} ZefA] 390 FAIF Aol thet AFolMe 53 22 A% 3712

st} (Casas &, 2005).

Yijk = p+ farm; + B X age + SN P; + e
i:l,..,’f7 j:ly...’m’ k:ly...”l’L

yijre 50 AAFAL, farmis Fa (172H)e TAET Y = D (age)ol 3t 3)AA
4+, SNP;= FASNO| 5712 12 24 &, e, N(0,0°)¢ SEHSo|th 7|4 Fag)l g2
A AQ 3ol , SNP+= e Aol gyto|th T L7t AL AT Q= HBEL e AA)
FAo 4P T /AAA ARE WHUE ZAol7] W B34 208 BAT ol BHL I
ol o]&3lt} (Matsuhashi 5, 2011).

visk — (farm; + B8 x age) = p+ SNP; + eijn,
t=1,--- 7f7 j=1--,m, k:]-a IR

2. dloJejuteld 7Y &

ATAATL A7ke) 4754 N28E F W A2, @ A9 & (newron)T o] AS0] WIH
% (layer)o2 A} (Sarle, 1994; Tan 5, 2006; Heo2} Lee, 2008; Park 5, 2011). 2} w3 &
Aol ZAALS L A A YL o] FHS AATozN A= w7 AE S5, A EL U
olgfoll gt 734 4 52 s Aok A7A EF= FREFTL okHEQ A9t He, 52
2EW5Tl A% 498 dBeTh
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Figure 2.1 Structure of neural network
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(Berson %, 2000; Lee 5, 2005; Heo2} Lee, 2008). ZA|A~E 3R FL5Hk7) o)dxE5 QA §
7 71 dutdoln, B A7 o|FARE o] 8RR o|guEgel thsiAl Tt AT E R sttt o]3}
WSS S5 W20 Wsetak il o] Wyl thel £

1 — pu ot Aol the &E p. 2 BAIET 714 AFZE pooll el p.

= a+ fos} 2L AY FE
2ye A4 4 Atk
AAw o] mYPL PRA AFS ATk p, 7t 03 1Akeld] FE KT a + o A5 AA g
A

] thAlell E2E pooll
:":

_ _explat fizy + Powy + - - + Brr)

1+ exp(a+ przy + Boza + -+ + Brxk)

9 AleA AFEE et L= (odds)E 731, o] L2 2O LW ol AY A= e
¥ 4= 9lon, o] A& A AE FF R ot st
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2 =2ollAY F5dse 4 AAREE F AFCE U AR
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CART (classification and regression tree)= AYHFEY ZXHTZE o] R0 AFEofA A
TE9 54 w2t A5 S °JAEF (binary split)stod, 2719 s ==8 Aabsh= A< 9]
ARES BEWSY go] FA FRATFOR Bt Puolnh CARTY duelZe oo
F3e Yl AUAS (gini index)o]l 3] EeloRE QAT 54 Aol 98] Ae] 7
T2 el Al A el Aael A H9E HEE Adsel g R ac. Ado] «
952 AUAT ghol AobAm FF w3 b7 Ak (Berson 5, 2000). WEbA CARTE A
42 71 A R ARNSY 0 wee) HARE AeEE AUgn, B BENSo)
WL kAR 28, 7R Hol ER72 ZEO] pi, p2, -0, pe @ W, AYATE oFf o] A3 2ol
Ao Ht} (Breiman 5, 1984; Heo2} Lee, 2008).

k
G=1-> p
i=1

C5.0 ¢ 2]52 AR O]E (information theory)ol] 2 AEZH] (entropy) | HS o83t nir]e]

223 Asol 93 Helsk Ak LR vielAe) Ade) AuTE Bl 055

NEms) A5t FobAA Hm B2 Aol g HAT AHE AL TV} (Freundsh Mason,
1999; Berson 5, 2000; Quinlan, 1993; Heo2} Lee, 2008).

w AR D7k BEEsol ool WA WA BRI, iR Wol 5D FB pi, pa, -,
e, A% D8 AER5) A5t okl info(D)sh o] WAL} Eak AR D7 W g v
o= X}EE 285t Dy, Do, -+, D& @0 WS o, |D;|E 1709 & A5 DY 7=k &
WA 4 gE e £8F Dy, Dy, -+, Dp9 AEZT = o info z:(D)2} Zo] ALkech

2

L—{> ac

info(D sz log pi)
info x;(D) = z”: @infO(Dj)

WAoo s My r3te AReR A8 DS £35to] U2 AE9} d<s] 28 DE FEsked 2
Aol 7k YA S, ol @ Are) Aolg Bue| o5 (gain)ol2i BT}, o]S9] 7)&o]
Hogx WY, B 7o HFE e SHsE ATsnE AAR o|5T|ES IR A
Mo 71&0 7 3}t wetA] C5.02 o] SH|S

AL o, oSul&g Agste] AAA W
o] ATiE = Hell A vlolele] B Aesic,

WA 2. BA 717 A4 - BAo) A8 BAROR F 24 Ada). - 54 949 x
#e 740 28 1 9] 2FoR rol IF 2 ol E A% uide W 55 S84 2%
4 25e) BAGe] BrhR, SAA] dgele] drka werach
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229 A Ad 2o TAH A4 - T 259 HolHE nHnE WY &34 A
£ F3c} o] 34 10,000 WHE ST}

AR (p#B A - 4 F SAXNE WA A3 F 7129 F 39 vlaste] p-3k

AR} AR 23] tia p-ghS Aaksta, 1 A3

o]
g
a2 5;}7} F AR S APk

31ReINE BAHA 201g HAT B9 Amo) B4 A EI, 328AE HelEute]y 7
9 ABNAY, 228 87 RY, CART, C5.08 HEA7%, 4 = ﬂ% WLste] Aert Mg %
° BYS HF nyos AUt B =R 24L 95 IBM SPSS Modeler 1A 1418 AHS
st

3.1. Adx8

B d7e A QA A2 18 opi=RE Dol 513 Fo] h9o) HlolEE AHgTIh AA F
Ao 999 U ol AP F0T FHA e LA (oleic acid; C18:1)7 FARESA B4

(monounsaturated fatty acid; MUFA), k-2 3o 42 iy d&i3 ZUAWE (marbling
score; MS)E 2A o] AL&-384th (Lee 5, 2011). Table 3.1 AAQ QAL HAS 7+ AAFP A
P35} BERAE verd Aol

Table 3.1 Mean and standard deviation of adjusted traits for environmental factors

Economic trait N Mean SD
C18:1 513 44.30 2.12
MUFA 513 53.50 2.34

MS 513 5.43 1.42

C18:1; oleic acid, MUFA; monounsaturated fatty acid, MS; marbling score

B AL 7 FABIL K-BF SUIZOE | RHY e FEWSE Ak Table
3.2+ o33 Hlole ] Byt EAAE veRd Zlolth
Table 3.2 Mean and standard deviation of traits which are divided into two classes
Economic trait Group N Mean SD
1 . .
cis:1 360 43.28 1.49
2 153 46.70 1.31
1 314 52.08 1.52
MUFA 2 199 55.75 1.49
1 241 4.21 0.84
MS
2 272 6.51 0.83
C18:1; oleic acid, MUFA; monounsaturated fatty acid, MS; marbling score
FAAA 2L A2 B9 W} §ho) Y ohn vElW AVAFAEL (fabty acid syn-

thase; FASN)9] g.12870T>C, g.13126T>C, g.15532C>A, g.16907T>C zalﬂ 217921G>AZ 57}
A FL A7)t} A (single nucleotide polymorphism; SNP)E ©]83}9%t} (Oh 5, 2011)
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A€l

3.2. HlolEjuteld 7Y A& A A HAFRY A

delBl= 8% R¥E7E felA 48 dlolHe} A58 tlolEE 47 60%, 40%= Edste] &
g 37129, C5.0, CART =22 t]oj5uteld 7L -85}

oBL

Akt 18)a JAFAAY, 2AA

2dS 75313th Table 3.32 ZF AA| 3 Xaafé 7ol 2 ¥ dlole e} ASE vlolHe ¥
TE Atste] YeRd Aot} AFAAY, 22 3R, CART, C5.09] F¥§ dlojele A&
2 ey gt (C18:1)L 42 79.11%, 77.85%, 78.16%, 77.22% 2 FA X}ol7} §lit, v
EZ3 A4 (MUFA) = 2H2E 71.52%, 72.85%, 71.19%, 70.53% 2 FA| X}o]& Holx| 9=t} 2
A= (MS)E 2+t 63.25%, 66.89%, 67.88%, 66.89% % A XfolE Holx| ¢t} wHido] AZ&

2}
tlolele] A s AmEE 294k (C18:1)L C5.00] 74.11%2 60%tHel the 2y vuiS
A=} 7% =k 9LEESA A (MUFA)E C5.00] 70. 62%§ 7P w3, 2YALE (MS)E

C5.00] 62.09%% 7V¢ ot 2EE 7} 34 42 SPHLE 5 ol A=t 7P =4 vekhd
C5.0 /1< HFTRFor Ad=sto] FA F40 03% il 1% % &Y SNPe} SNPxF-2 4
shsict
Table 3.3 Comparison of accuracy for each data mining method of each economic trait
Economic trait Model Train data accuracy Test data accuracy
Neural network 79.11 69.54
C18:1 Logistic regression 77.85 68.02
' CART 78.16 68.02
C5.0 77.22 74.11
Neural network 71.52 69.67
Logistic regression 72.85 69.19
MUFA CART 71.19 69.67
C5.0 70.53 70.62
Neural network 63.25 54.98
MS Logistic regression 66.89 59.72
CART 67.88 58.29
C5.0 66.89 62.09

C18:1; oleic acid, MUFA; monounsaturated fatty acid, MS; marbling score

4EAAE C5.0 /1S Fatel 24 AA FAo) JFL Fr S5 B SNPY SNPEFS 485
3, 94 fAAPL WA TPT - AAT 2 DAL AN T $4 FAAE FAHA KL
43 mgiet
4.1. C5.071'] A&

ka2 39 dloleel C5.0 7S 847 Afolth. Figure 4.1~4.3& 7 34 F28 94127

Lotk

Figure 4.104 <14k (018'1)-‘4 GNARAURE BAS A 2.13126T>C7F 7 A3 e
SNPZ UeRtI ¢.13126T>Co FAAH TT7 18 22 52 58 28.5%14 53.6%71A)
FolFo] 5 FAAY R AEFEUIY. o ® (g.13126T>C, g.15532C>A) x30] 71 5%
SNP z3%o 2 Eljykil TTCA, TTAA, TCAA §ARE o] 18 28 229 35S 78.1%7HA =9
o] $ FAAPE R AEE

Figure 4.2014 @42323p A4 (MUFA)Q] JAZAURE 248 EHE, C18.13 mpiriAlz
g.13126T>C7} 7P 4FH 9+ SNPE YEREI ¢.13126T>C FAx<Q TT7 1§ 22 &7
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g FES 38.1%C1A 62.1%7H] EolFo] ¢4 FAAG R AEHYY. e ® (g.13126T>C,
g.15532C>A) o] 7P 43 SNP 2¢re g eyl TTCC, TTCA, TTAA, TCAA #3823
o] 1% 22 ¥FE FEL 80.6%7HA EolFo] 95 AP oE AUH T

Figure 4.3 ZWALE (MS)] AR URE AR, ¢.15532C>A7F 71 43 Qe
SNP& JENGA g.15532C>A9 §AAH CA, AA7F 18 28 289 58S 54%A 80%7}HA|
FolFo] ¥ FAAE R AEE T o ® (g.12870T>C, g.15532C>A) 3] 7P 37t
SNP %3e g el CCCC, TCCA, CCCA, TTAA, TCAA, CCAA §AA o] ¢4 FAAH L
2 AdE Qi)

group n %
1 226 715
2 90 285

13126 T>C

| \9—,—1 |
group n % group n % group n %
1 39 464 1 108 7838 1 79 832
2 45 536 2 29 212 2 16 16.8

9.15532 C>A 9.15532 C>A
CA, AA cC, cA

group n % group n % group n % group n %
1 32 615 1 7 219 1 105 827 1 3 300
2 20 385 2 25 781 2 22 173 2 7 700

Figure 4.1 Decision tree of oleic acid (C18:1)

group n %
1 187 619
2 115 381

9.13126 T>C

—
H

|

group n % group n % group n %
1 33 379 1 85 68.0 1 69 767
2 54 621 2 40 320 2 21 233

g.15532 C>A g.15532 C>A
CA AA cc, cA

group n % group n % group n % group n %
1 27 482 1 6 19.4 1 82 719 1 3 273
2 29 518 2 25 806 2 32 281 2 8 727

9.16907 T>C
TC, CC

group n % group n %
1 27 482 1 6 194
2 29 518 2 25 806

Figure 4.2 Decision tree of monounsaturated fatty acid (MUFA)
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group n %
1 139 46.0
2 163 54.0

[ g.15532 C>A ]
group n % group n % group n %
1 61 622 1 70 427 1 8 20.0
2 857 | 2783 2 94 573 2 32 800

g.12870 T>C g.12870 T>C
1T, TC TC, CC

group n % group n % group n % group n %
1 38 792 1 23 460 1 30 612 1 40 348
2 10 2038 2 27 540 2 19 388 2 75 652

Figure 4.3 Decision tree of marbling score (MS)

4.2. t-HAQF &EHA

AN AEE 9 FAAY 0] FAFAY 7HE FoleAE &) AsiA -HAH} =2
7§—% Foff ATl table 4.1 A¥HE FAAF o] FAHLE {Fou|THA| Lot 7] Al t-HA
A& AAIg AFtoltt
WA ©d SNPS 23S AvEm, 294k (C18:1)3% dAEZ3IA U (MUFA)| 9
£ o2 Yehd g13126T>Col e ¢ FAAE S TT7 22k 3a 45.57, 54.842 o {4
F=oll vlsl 7R 7L felustA % (p <0.001), ZHAHE (MS)ell 2 [BR3R%

15532C>A0| A+ = ARG 2 CA, AA7} B 5482 U2 FAAFH S vldl] 7kx7) =4t
(p <0.001).

SNPZFe] 2285 e SNP 239 4k AvEd, 24t (C18:1)° 932 F+= 2
oz yehd (g 13126T>C 2.15532C>A) 2§ oA e ¢4 fAAPez Ad" TTCA, TTAAZ}
BT 46498 o8 FAAF Sl Hls ZEAF sl =%4al (p <0.001), DAEZIAAE
(MUFA)ell 43e = Aoz Jehd (g.13126T>C, g.15532C>A)Z2 oA &5 GARZ e
2 A" TTCC, TTCA, TTAA, TCAAZL H¢F 54.792 th2 FHAAFEC vl 7kA7F E3kch
(p<0.001). SWAHE (MS)ol] dFFS T+ A& Yehd (2.12870T>C, g.15532C>A) 2 3ol A=
S exAE oz AEE TTAA, TCCA, TCAA, CCCC, CCCA, CCAAY} HH# 5.712 th2 §A4}
HEo b)) 7Fx)7F =9k} (p <0.001).

Table 4.1 The superior genotype of each economic trait and permutation test

Z
2~
U

koA
o
e

—.>i—|>l

2
2
ot
o ~
N
r
N
O
HU
L

—~

Ecs:laoifcnic SNP combination Superior genotypes N Mean SD (pt_-‘::ﬁ:e) pe(l;)r_n‘:latlit;;)n
C18.1 2.13126T>C Oa:grs éi; jgg; ;gg <0.001 <0.001
MUFA 2.13126T>C O;l;lrgrs ;’ié gggé ggi <0.001 <0.001

MS g.15532C>A COAt)hgr? ?(758 g?g }g? <0.001 <0.001
s T i STan DI o comn
wrs PTG o mglThaon AR w0 o

us SIS ToasTcos, oay oo, cooa, oM B BT L o <om

SNP; single nucleotide polymorphism, C18:1; oleic acid, MUFA; monounsaturated fatty acid, MS; marbling score
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YB3 A (MUFA) A (g.13126T>C, 532C>A) Z3to] AEEQ, 4 FAAPoZ
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Abstract

Economic traits of livestock are affected by environmental factors and genetic fac-
tors. In addition, it is not affected by one gene, but is affected by interaction of genes.
We used a linear regression model in order to adjust environmental factors. And, in
order to identify gene-gene interaction effect, we applied data mining techniques such as
neural network, logistic regression, CART and C5.0 using five-SNPs (single nucleotide
polymorphism) of FASN (fatty acid synthase). We divided total data into training
(60%) and testing (40%) data, and applied the model which was designed by training
data to testing data. By the comparison of prediction accuracy, C5.0 was identified as

the best model. It were selected superior genotype using the decision tree.

Keywords: CART, data mining, fatty acid synthase, single nucleotide polymorphism.
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