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Abstract

Economic-traits of livestock are affected by environmental and genetic factors. We are interested in genetic
factors that influence the economic-traits of Korean cattle. It is necessary to adjust environmental factors
in order to enhance the accuracy of the genetic effect analysis. In this paper, we propose a statistical model
of Korean cattle that exclude environmental breeding farm and age factors. We formulated an adjusted
economic-trait value, and applied multifactor dimensionality reduction (MDR) method to data of before-
and-after adjustment to identify major FABP4 genes. We were able to increase the accuracy of the analysis
after adjustment and identify superior FABP4 genes that influence grade and fatty acid.
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FAEE AT Bk olet 1179 Btol| A Fofde
1t} (Blumer, 1963). ©4EZ 3} A] 92 monounsaturated fatty acid; MUFA)2 411
Hoggo J¢S u Ay, Z3}AW H(saturated fatty acid; SFA) haFo] ok MUFAZ]
1719 Bk AA = HE A AR E & Jokn BRuE A} (Sturdivant 5, 1991). =3
(oleic acid; C18:1)& MUFAQ] 4 datzx 2219 4179 20| 9 tp5A Qo 2
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3L X0 i Hud vF Yot (Melton 5, 1982; Mandell 5, 1998; Oh 5, 2011). 2|1 EAHEE
AFG7Q9] 3¢ SFHAHY =432 2o SXHEA (backfat thickness; BFT), SATAZ, =
%% (carcass weight; CWT)¥ ZU A WS (marbling score; MS)+= $+-9-117] £22] Q3 x| o|t}

22 olelat 3ol ot B0 BAY FAARAL TN AN B9e] AARA] JFE 6l
£ 4 A 3 AT} B oFolAT g, 53 B fAAe TN H ol olel
fARS) AEA e A7 BTk, ol 477 GAR] AEAEL A7) SlalA 47
27 2L $AR PHE A4S govk, §AA) 57} olyel wet 1 mae] B3H} il
A a4l ofHAAE A97h AR 2N Ak wel B QAN A (multifactor di

mensionality reduction; MDR; Ritchie 5, 2001) #H ot} ©]#)3t MDR W2 o] 23 g ojvt &
|7Fsstthe @A lolA dI4F dlolEldl® A& 7Fest=S CART ¢ag]E< ©|-83 Expanded
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MDR(E-MDR; Lee %5, 2008) 3} tju|H4E ©]-83% Dummy MDR(D-MDR; Lee%} Lee, 2009)
Hho) 911, Q43 28 E o] EE BEFd= WO Support vector machin &g]E&E o]
43t Support vector muchin MDR(SVM-MDR; Lee2} Lee, 2010) 3 o] 7= it
ko] AAYAF 22 A xdPE FAAA QA8 ofzt FAH 8%
w2of], 435 FAAQA 8208 3] s B8] HAR o B FIAEE =Y
olf gt T8l AL T I ARG thgt Aol oJAZIA] AP R o] ARgE ot
(Casas 5, 2005; Matsuhashi %, 2011), $8& APEHF S o] &3] T30S APH RAS, B
AE 2L ZAF Ao MDR 7|"& A83t S5 FAAE AEsitt.
2 AFqAME g9 Edo 4L nAE F2 FAPA C18:1, SFA, MUFA, CWT, BTF, MS<}
AR = FAZQA 89 A} 3, Damcotta 5 (2004)3} Chmurzynska (2006)°] 23] k-2
S5 2 AAb 48 Ado] gtk &el X FABP4(adipocyte fatty acid binding protein 4) A}
2] 137}A] SNP Zof| A, 6712 SNP(g.2634+1018 A>T, ¢.280 A>G, ¢.388 G>A, ¢.408 G>C, g.3977-
325 T>C, c.456 A>G)ol| 23S B3It (Oh 5, 2012). ojw] AR A2 Tk of
F/} }H 89 d5Y U =5 YUY (age)d #HHF A} AR (farm) B3-S F71ste] SARY
= 75, FHF 83 FAFH A58 B3 FARS AAHATE 0] &5to] A A ARL B
A AAYA 3L 7ok 28 B4 Q-5 vlolEol Ztz MDR WS H-8-3te], 9 dlojE] H]
HA B H dolEHE &83te] AFEE =Y 5 UUSS Ko, AP Ao tist £ FABP4 f
Z‘ﬂx}g— A st
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21800 M= FAATNA AL 2@Fo Fe vAE SFAA 2937 FAAA 2 hE FA
B2Ye ek, 2.2800A & o] 2 g HolEo A&l T2 SAH BRYe FHokL, B
2 gelo] B AAFAZC T 2¥2 T4} ok 223 2320 S48 B A%
BAFA %L o183t ¢ FAAE A8 483 MDR 7< A3t

QuAos FAF BAY ATolA ol A BAYe] FFL WAL 2L A KA 23}
#7449 2902 b 4 ek aeine 2896 92 WAL AR 20 B A7 913
A B9 292 Fohfo] o2 BAFHE o] Basith
A, AAS) ERYE L et 2o

P=E+G (2.1)

2 (2.1)91A P& 7IA1e] 3 (phenotype)o]al E+ 373 A2 2912 g3} (environmental effect),
Ge FAA A 220°] & (genetic effect) ot o3 215 JFHe F7lehs Yoz 7HE @
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Y = X3 +¢, (2.2)

A7IA Y= 7hAe 28F AHoln, X+ AT JFS A #448.844 298 £Fst= 4

g 3Y, g 74 2989 S veide IFATEE Y 2 F41 FFAAoE AHT
Qe N(0,021)9 BERSFolTh. A (228 4 (21)9] Fe|z v

Y=p+Ea+GB+e (2.3)

o el 4 Atk o714 pE & AT WE, B Bdg0] 9RL WAL 844 2 TR

Anws 99, ok 7 9749 295 &35 Urhhe SAASE ol 181 GE 280

QS VA= §A49 291S TR AYHS A, fr K249 259 EFE el 31

A4 e o]},

2.2.1. ot9| ZAAZ0 tiet SHARYE & dFolA e 399 BAF A Folg 9T A=
W0l AR, 298 a8l SNPE o] &3t SNPE §A49 g9lon, AFS57k] farm}
EE9%A ager FAAA adoltt. fElv AAF A TS vA= FAAA 2AL FHI= A
of HAe] glomz, FHA 29 o AP JFS v FFAA 2L BHAT AL F
A = Zlejtt. 28 BR T3y 2 BYPS ARESth o714 AR

yr = p + ao(age, —age) + anfarmiy + - + oy afarm 1k + S1SNP1y + - - + B SNP g + g,
1=1,2,...,0; j=1,2,....m; k=1,2,...,n, (2.4)

A71A ye kAR B9 FAYA, s AN YA AA BES UL B4, age, = kAR B9
E%99, aget 55999 QA BE, ook BFUY) E3h, farmut kAR B9 A AR5
o ANWE, ait iR As7he] £, SNPE kA B9 jAA S, 5 jAA FA)
a3}, e N(0,0%)9 FEwsolet,

EG FAWRY £5 U (age)?] E3t aot BE A (FAN) FFOE A8 W Efol
ARW5 A7 GERE ¥4 farm s TR} o] AN M5 Fel T

1, kAR &7t idA 54 A9 i=1,2,...,1—-1),
farm;; =
0, ofd .
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Al 23 GBIl sttt

Ay farmi; farmgy --- farm;_q,
Ay farmio farmgs -+ farm;_q
!
Eo = | As farmiz farmgs --- farm; 13 (Oéo a1 ag e g1 ) ,
Ay, farmg , farmg, --- farm;_q,

SNP11 SNP2; -+ SNP.u1
SNP12 SNP2z -+ SNPp2

GB— | SNPis SNPus - SNPus | (5, 6, 5, 5m)ﬂ

SNPi, SNP2, --- SNP.,,
A =age, —age; 1 =1,2,...,l; j=1,2,....m; k=1,2,...,n

ol BYPAS o] §ote], fElE BAFAA 80 E5LHH ASE7H] B & FA s, FA
FA YA A2 ae] FHX EaS AAS =+ FH8 gt AAFAE Z& St} ol
UeRE o233 2o
Z-Y - Ea,

A7\ Z,Y, &+

adj(y1) Y1 Go

a'dj(yQ) Y2 a1

z=|adilys) |, v=|w|, a=| &

adj(yn) Yn Q-1
o]t}
E AFgME &5 FAL9 st AAPAQ ZE th FA &78= MDR Wil &8sl ¢
T FAAE AES

2.3. UBSAXRIASAYH

SER 7
oo 4011 A 2751 Bl A /el Lashd ge HlE#Zﬂ wpgolh. of whge 4.
o) H&L B3 SYASE T APEH A AGPORZ LR 7 BEWAS o) El
oA 439 B B4 ¥ A0 dFH Ak

£ Aol Ae &9 oleo] MDR $8e A83to] ZAFAe) JFL vA: FABP4 #2412 4
Wk o714 JARAY = 1)L A5 HolHelng k-3 2R

T3 AN = 0) IFOE | RHF ] AATE o|RHA BA
FADPAS] 2 FAARE 0 AYLH A AVLOR ERAD 2 LEFEE AU 285780l )
7 o GUASNP} SNPZ S zH=t}. MDR 4 Sl
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G © GGTYE o P Step4
SNP1

Factor AA AT TT __ Models
SNP1 \‘ g\, m ., Factors  Error
sNp2 kel j_:\_-lj_El_ SNP1*SNP5  19.25

o o
A= IR z SNPI*SNP3  22.12
SNP1*SNP2 | o wy| 1 SNP2*SNP4  24.33
SNPI*SNP3 k=2 |00 _’ﬂ ” ,, SNP2SNP3 28,14

: Case Control | High Low '

Figure 2.1. MDR algorism.

Step 1. HloJE| Aol 247} 3<1 SNP7} p7l dvkar 7Hgstar, p7l 5 k7He] SNPE A9 3t

Step 2. A=® k| SNPO] 7 £2E 71228 3'4 A2 /A HelBe TS, 7 Ao 43
Z(Y = DB 22V = 0)9] W& A&t o) 7 A §AAFL ulateh

Step 3. A clolefle] AP-LIET W &E AWS] WA (threshold; T) 2% ARAL. el 2
LA A2 F H] o (R)% T3k, R > T9 FAA S 1 98 F(high risk) 22 3
31, R < T FAAE S A AP (low risk) 2 &2 A3},

Step 4. ZF A4S 19 H-A19 f‘é‘i‘ﬁi TR MEL o] 2T W] et L E{FES ALt

Ny '=o|migh)y + Neyi= ULow)
Ntotal

ojgt2 e AAE FIl e BE k-2 (k7 SNPES] 23)E Mt o714 AwbHe= 7t

T E2 B2AS Addslr] siA MDR 72 RS (tenfold cross-validation)< ARS-Sch. 1 &

e thest 2t

Step 1. HA| tlel8AE 27|17} FLe 10748] Aoz vetth 2 F 970E <58 (train) A5, v
2] 171E B2 E (test) AB 2 AAFIT}

Step 2. k58 A8, HI2E ARNA 7 k-2 3] LEFES AL

Step 3. 10719 ©lolEjAlo] BE AR B|AE 28R AMEE

Step 4. k-23 ZHZol A i%‘g Z]'E EFEe] Bt A
7t k-23o] 1018 wHE FolA 7P $2 2Fo=

tency; CVC)E 7|53t}

Step 5. Fl2E A2e] ©RFEo] Mg A3, CVC gho] 744 2 h-28S AFH 02 At

Error =

3. M8 U A

312elAE B9 Axtgol thalA AT, 32804 E B4 2oe HAT =
AR} vpAve R 338 AR} BRI WY AR 22t MDR 71HE 2-85to] &
4 RARE AL, AR S5 A7 BAGAL B 3
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Table 3.1. Mean and standard deviation of economic trait (Y)

Economic trait N Mean SD Min Max
C18:1 513 44.30 2.66 36.85 53.69
SFA 513 40.60 2.86 30.36 48.44
MUFA 513 53.50 2.97 45.82 63.46
MS 513 5.43 1.94 2.00 9.00
CWT 513 427.25 43.28 321.00 573.00
BFT 513 13.22 5.13 3.00 33.00

Y is an economic traits before correcting for environmental factors.
C18:1 = oleic acid; SFA = saturated fatty acid; MUFA = monounsaturated fatty acid;
MS = marbling score; CWT = carcass weight; BF'T = backfat thickness.

Table 3.2. Mean and standard deviation of economic trait (Y) which are divided into two classes

Economic trait Group (Y) N Mean SD
1 230 46.64 1.71
C18:1
0 283 42.40 1.55
1 2 . 1.
SFA 55 38.33 "
0 258 42.85 1.73
MUFA 1 250 55.94 1.90
0 263 51.19 1.66
1 2 . .
MS 75 6.99 0.98
0 238 3.62 0.94
1 210 469.68 27.29
T
oW 0 303 397.84 23.26
BFT 1 366 10.63 2.82
0 147 19.67 3.72

Y is an economic traits before correcting for environmental factors.
C18:1 = oleic acid; SFA = saturated fatty acid; MUFA = monounsaturated fatty acid;
MS = marbling score; CWT = carcass weight; BF'T = backfat thickness.

3

B AT A3 119 ARs oA e 51359] e IEE A8FZen (Oh 5, 2010,

BAARA(Y)S 9 Bt Fol] 4TS Tk EHR S A4k (oleic acid; 018'1)-74' 4dE

" F(monounsaturated fatty acid; MUFA), Z3}A 4k (saturated fatty acid; SFA), -9

o] 93-S F+= SAUFA (backfat thickness; BFT), =45 % (carcass weight; CWT)JZ]— e

% (marbling score; MS) S &A1 o] AL-&3}1 T} (Oh, 2014). Table 3.1 Z+ AAF A (V) F77}

HAE el Zoltt.

PeE $A9 AR = )T G4 9@
)

H X o Pkl
AN o pN o

3 (V' = 0)ox olRsld AAYAS Bl FgIt.

Table 32% (V)] e 2t AAPA(Y)S F#% BEBAE vk Zolth o714 C1s,

MUFA, CWT 783 MSt 359 $43 3o 48BAE 23 gonz 94 A Fzo o ¥
31, SFASE BFTE €9 4B8AE /s 94 Pue] F70] o ik
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Table 3.3. Mean and standard deviation of adjusted economic trait (Z)

Economic trait N Mean SD Min Max
C18:1 513 43.65 1.34 41.28 48.31
SFA 513 41.91 1.11 38.07 44.14
MUFA 513 52.53 1.44 49.89 57.37
MS 513 5.58 0.60 3.84 7.38
CWT 513 426.66 11.80 379.36 468.21
BFT 513 13.16 1.59 1.64 24.25

Z is an economic traits after correcting for environmental factors.
C18:1 = oleic acid; SFA = saturated fatty acid; MUFA = monounsaturated fatty acid;
MS = marbling score; CWT = carcass weight; BF'T = backfat thickness.

Table 3.4. Mean and standard deviation of adjusted economic trait (Z) which are divided into two classes

Economic trait Group (Z') N Mean SD
1 105 46.01 0.75
C18:1
0 408 43.05 0.50
1 . .
SFA 97 39.90 0.65
0 416 42.38 0.51
MUFA 1 97 55.15 0.85
0 416 51.92 0.65
1 171 2 .
MS 7 6.26 0.39
0 342 5.24 0.34
1 176 439.67 7.89
T
oW 0 337 419.86 6.68
BFT 1 151 11.78 1.64
0 362 13.74 1.15

Z is an economic traits after correcting for environmental factors.
C18:1 = oleic acid; SFA = saturated fatty acid; MUFA = monounsaturated fatty acid;
MS = marbling score; CWT = carcass weight; BF'T = backfat thickness.

= A A B
A z9) B@7 BEDAE YT
g48900] HAE FAYA 75 v 72 ZAZANA 49 AR(Z = D)3} 24 A
HZ = 0)2 oEFTe] S4HANYS AFBTL Table 345 AHZ)ol e 2AH A
A(2)9) B £2ARE Jehd Aolth
F AAGA Y 28 AR, Yol w29 WA BIE AL HAT 5 Yk ol BHHA
2919 Gl BABIANA AAS G/ whol, TR BFH L.0l0] FAF Do) JFS wol v
Atks AL &5 ok TF YHD Z'9) 94 289 Nol 6 Ak ol Y #7359 2934 #3
49l 29l0] 37 neE Al AAYAL Ao DI, 25 KA EFUE el 4
HolA BAFAL $H02 aster] Motk web 27t 94 182 B FUs BadTHe
A2 ¢4 Aok
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Table 3.5. Accuracy of each economic trait (Y")

. . SNP single .

Economic trait (Y) L. Train data accuracy Test data accuracy CVC
SNP combination

C18:1 g.3977-325 T>C 0.6148 0.6148 10/10
c.408 G>Cxg.3977-325 T>C 0.6362 0.6206 8/10
SFA g.3977-325 T>C 0.5945 0.5945 10/10
c.408 G>Cxg.3977-325 T>C 0.6098 0.5968 6/10
MUFA g.3977-325 T>C 0.6054 0.6054 10/10
c.408 G>Cxg.3977-325 T>C 0.6301 0.6010 10/10
MS g.3977-325 T>C 0.5749 0.5749 10/10
c.408 G>Cxg.3977-325 T>C 0.5871 0.5491 10/10
CWT c.388 G>A 0.5605 0.5345 7/10
c.388 G>Axg.3977-325 T>C 0.5732 0.5231 8/10
BFT c.388 G>A 0.5491 0.5224 7/10
c.388 G>Ax%g.3977-325 T>C 0.5945 0.5895 10/10

Y is an economic traits before correcting for environmental factors.

SNP = single nucleotide polymorphism; CVC = cross-calidation consistency; C18:1 = oleic acid;
SFA = saturated fatty acid; MUFA = monounsaturated fatty acid; MS = marbling score;

CWT = carcass weight; BF'T = backfat thickness.

3.3. MDR J|¥ 88 o 98 M3 Ml u|2

ZF AA YAEE 4 FASNPE SNPZ S AE317] falA o5 =A% 4 (multifactor dimen-
sionality reduction; MDR) 7S ARE3IATE FAA= 399 53 9 Auita 72 AFdo] 9l
ot ¢8R FABP4(adipocyte fatty acid binding protein 4) FAX}e] 67}x] SNP(g.2634+1018
A>T, ¢.280 A>G, ¢.388 G>A, ¢.408 G>C, ¢.3977-325 T>C, c.456 A>G)o]t} (Damcotta, 2004;
Chmurzynska, 2006; Oh %, 2012). Table 3.52} Table 3.6 Z+zt A A(Y)-Z(Z) ZA A E= A
HE 94 FASNPe} SNP2YhS Uehd Zlelnt. Z12]al MDR 7o 2 Add SNPef 38 o]
B¢} HIAE dlolE 9] £/ FE=E A4tste] e SITE

C18:1, SFA, MUFA, MS¢] A2 24 dASNPE g.3977-325 T>C7F A= 91, C18:1 HA A
HAE ABE7} 61.48%, BA T HAE A7) 88.10%% FE=7} 26.62%p Eolxth SFAE
BA A H2E AIET} 59.45%, BA T HIAE AFE7}F 91.24% =2 FI5 7} 31.79%p =0}
om MUFAE HA Ao HIAE AFE7} 60.54%, BA 9 HAE AZE7} 91.24% 2 AF=7}
30.07%p =obmch mA|Zog MSE HA A H2AE ALV} 57.49%, HA o] HAE A
7} 72.95% 2 FE=7} 15.46%p Hobth CWTS A9+ 4 BUSNPE ¢.388 G>A7F AE= 9]
T RA A HAE AT} 53.45%, BA Fo] HAE AZTT) 59.89% 2 A=} 6.44%p Eof
Atk CWTE th2 ZAZA w8 =7t 42 S7keded ol CWT7ZE 149 8219 4
F(p >0.05) Bt A AA 209 FF(p <0.001)& Z3HA w7] w2l vehd Aol BFTE B
A Aols CWTF S93H4 ¢.388 G>A7} BT 52.24% 2 AEE QPO BA I b2 AA T
A (C18:1, SFA, MUFA, MS)3} 5 931A g.3977-325 T>C7F AE % 75.55% %2 AWE 91, Fde=
B3 Zof 23.31%p =olA T}

2oz 94 SNPZEL2 (C18:1, SFA, MUFA, MSe| A% c.408 G>C x g.3977-325 T>C7} A3
Ha, C18:12 HA Ao HAE AL} 62.06%, B £ HAE AZL7) 98.53% = A7}
34.91%p =olHtl SFAE B4 A9 HI2AE AZFE7) 59.68%, B4 T HIAE AT 7} 95.05% =
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Table 3.6. Accuracy of each adjusted economic trait (Z)

. . SNP single .

Economic trait (Z) L. Train data accuracy Test data accuracy CVC
SNP combination

C18:1 g.3977-325 T>C 0.8810 0.8810 10/10
c.408 G>Cxg.3977-325 T>C 0.9853 0.9853 10/10
SFA g.3977-325 T>C 0.9124 0.9124 10/10
c.408 G>Cxg.3977-325 T>C 0.9505 0.9505 10/10
MUFA g.3977-325 T>C 0.9124 0.9124 10/10
c.408 G>Cxg.3977-325 T>C 0.9573 0.9462 10/10
MS g.3977-325 T>C 0.7295 0.7295 10/10
c.408 G>Cxg.3977-325 T>C 0.8174 0.8129 10/10
CWT c.388 G>A 0.5989 0.5989 10/10
g.2634+1018 A>Tx*c.388 G>A 0.6229 0.5782 6/10
BFT g.3977-325 T>C 0.7555 0.7555 10/10
c.280 A>Gxg.3977-325 T>C 0.8979 0.8979 10/10

Z is an economic traits after correcting for environmental factors.

SNP = single nucleotide polymorphism; CVC = cross-calidation consistency; C18:1 = oleic acid;
SFA = saturated fatty acid; MUFA = monounsaturated fatty acid; MS = marbling score;

CWT = carcass weight; BF'T = backfat thickness.

AT 7} 34.07%p =olRom MUFAL BA A9 HAE AZE7} 60.10%, BA T HAE AT
7} 94.62% 2 AE =7} 32.72%p =olF Tk uAEo g MSE BA AY HAE AFE7) 54.91%, B
A Zo] HAE ABE 7} 81.20% 2 ABE 7} 23.03%p =ol@th CWTS BFTY] Ao BHA A5
o] 4 fFAAZG | Xol7) k. CWTE BHA Aol $4+ SNPRFOZ ¢.388 G>Axg.3977-325
T>C7} Hl2E ABE 5231%% AE=E o), B4 & 24 SNPRFOZ ¢.2634+1018 A>Txc.388
G>A7}HIAE A= 57.82%% A= det. A=) S7H52 5.51%p= thE 2ol vs| 2% 5
7hetglow, o] TUSNPOA Q) up7tA & CWTZF 42 229 A3S 7slA w7 wjZo|t}.
BFTE B34 Aols CWTS S5t £4 SNPREOZ ¢.388 G>A*g.3977-325 T>C7} HIAE A
35 52.24%E MEE QoL HAY T 94 fAxRTGe7E ¢.280 A>Gxg.3977-325 T>C7} H|IAE
RAET 89.97% 2 AHE YT, AFEE 37.73%p =olA T}

1 2019 JERTE BFHA 2019 JFS Bol Wi CWT 99 the FA| B
4SS F 809 JFS BPHo2 W) whRo] FAFDIA BAA 2919 JFS WA Hu
S5 FAHA 2919 FFE G Hof A A8 FHES $U 5 Yok AL HolEo

B e
o
E=)
i
u
o
ﬁ
bt
it
in

BFTOA 14.24%p o &t} weh @USNPHELE SNPO] A5 28-& e

9 5 ggich

4. 72

ol AAAAE FAAY 23} B4 2olo] HPYHow FFL WAk St S5 FAA
£ 2= 20 BAo] gone, A 20 WAL 55 FAH 89w ndstust P
o webd B9 AAZAG) B $A BYL THRL, ¢4 FAAL 2] ANA B34 2
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Jo| A & F-12; AEe] HEge 2 .
! 5135F2] 3¢ Hlo|EE ©]&3} o] AH5E7
o] F-o 4TS vAE F AAFAE st FARFE FEHt 74 FY
FAo|| AL A= AAFPA Y= 28 A04HC18:1), E3}AHAH(SFA), HLEZ 3 WA MUFA),
ZZ(CWT), SAFA(BFT) 27zt 23& 959t 281 334 8<
S 2H AME FARRE Y SFF AWk 2L Aol vk &R FABP4 §AXFY 6714
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