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FABP4, SCD, FASN and SREBPs genes of Korean cattle

Jea-Young Lee®! - Jae-Cheol Park®

“Department of Statistics, Yeungnam University

(Received July 18, 2016; Revised August 16, 2016; Accepted August 16, 2016)

Abstract

Kim and Lee (2015) identified a superior FABP4 gene that improves the grade and fatty acid of Korean
cattle. This study selects a superior genotype by expanding genes that influence the economic traits of
Korean cattle. Expanded genes are FABP4, SCD, FASN and SREBPs that are related to grade and fatty
acid (Oh, 2014). We use the adjusted economic-trait values with environmental factors excluded. We also
applied multifactor dimensionality reduction(MDR) method to data of the adjusted economic-trait values.
As a result, we identified superior genes and genotypes which improved the grade and fatty acid of Korean
cattle.
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Z4 gz 22" 479 Fn|9} o Qo] 23 247 RuH vl td (Melton 5, 1982;
Mandell 5, 1998; Oh 5, 2011). Z28|1 ZAFE-EA 79 3¢ S33He =X &=l ‘:iﬂ
5% (carcass weight; CWT)3 ZU A= (marbling score; MS)2] ¢ sk 43 A= =
Aolct.

olelet AARAL $oaAl 7] FAAE AR B ol AL F= FAAE SCD, SREBPs,
PPAR~, FABP4, FASN, LPL9] &0 Za3}t} (Oh, 2014). AHHF 84 A== 34 T 7442 1}
% 2 9=t A WA AZo|= PPAR~, LPL, SREBPs, FABP4 S A%-S0] #olain, = wx| A=
o= SCD, FASN, SREBPs, FABP4 S-AASo] 23 9aS 3ty = 390 AAF o] I3
A e FA 2919 BHE B Al &4 2919 aHE AT AAFE g o8] ¢
A} A2 23 Aok AF7F I3 vk et (Kim} Lee, 2015), A4 &4 373
S T+ o8 FAXE S adipocyte fatty acid binding protein 4(FABP4) §AATHE AR

2 -y tlo
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ATk BAEOl AT WebA B ATOIAE FABPA SAAR opek A4 B4 349 T
A AZAA S8 4TS 3= stearoyl-CoA desaturase(SCD), sterol regulatory element binding
proteins(SREBPs), fatty acid synthase(FASN) A& F712 &8-319 7 A& APt

Qg oz 7t JAPAN 2 AN EAYE 4AHA 8917 BAH 299 FFL FA
Witk AR B9 FAR Y ATANAE B2 AAFAS] GFS FE FAH Loow By
o] oz B At the Bl BTk Wb B ATelAE BA F44 205 87
4 29o] BY 3 AYRYL 758 0L, $44 299 AAS 148 AP e TaT
(Kim3} Lee, 2015). 1213 238 ZAFA e ol3to] 9548 fa%s fa%e] 23S 488
o},

T B9 AR A ATOINE RAAEY 4EAS ANE B A AYRIH 2L FAH B
2 ATt AW FA% 57 —;—O%%Oﬂ weh Byo] BAHAAL o] ojeleiirke Bol

[ex]

ATt ol BAFS R&d7] 5 AGE o] s AAAE S 4 (multifactor dimensionality
reduction; MDR) 702 B dTo|As @4 Saxel A% 28-S A23t7] 93] MDR 7|82
o]ttt 12l MDR 7["-& F-&35& wl, SNP 2% W] fAAE W=7t AU Hojd &+ 3l
= AL 2I35H7] Y8 YdlolElE 108] bootstrappingdle] 5,130F5 Ao o]R3It}. bootstrap-
ping *}H-2 Bias-Corrected accelerate(BCa)©o|th (Efron3} Tibshirani, 1993). =3t MDR 7]'"H-&
o1y AmolR 48 ASHEE AARL S K-BITUEAE ol 8340 HlolE12 case(1) R}
control(0) Fko g o]&3} AJ71 & MDRe|| &3t}
AT 280N S AR 28 AEe] A8t 24 FAA I MDR 7188 47f8tt 340
Ae BE4 8d8 B To AAPA ol tisf 4B 1 MDR 7|H& 283t £+ FA2E A
Malth, vpee s 4doE AT AnkE efait.

N
om

o

2.18 M= 7HAS 28
FA13) st 2.2F0A &4

A AFolA o= AAe 2FY
P

FAEA L2 2717 8909 FAFA 291, FHAHA 224 23
ZAA"E Ale] x3 3 (phenotype)©] P, 3729l 2 9l(environmental effect)o] E, FH& &
¢l(genetic effect)o] G o, 7|Ae] EHHFL JepH 4 (2.1)3} 2t

P—E+G. (2.1)

agja o9} 22 29159 JFHE FUIee W2 teA Y3 AR E (multiple linear regression) ©]
(Casas 5, 2005; Matsuhashi 5, 2011) 7} wo] 2oln, 4] (2.2)2} Zo] Yehd 4= k.

Y =p+Ea+GB+e (2.2)

A (22)00A p= F H7 AE, EX: 37 2919
Bl 3 AASHH, 3]

et Ay 48, ax 2 84 289 a3 1
Gx= 2l dyus 99, B
AsdE ot e £49 37402 AT £ gle N(0,0%) BERS Fol

e e 317
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B A7 E 290 FAF e f93 JFS WAL WEE §04 8019 BAG7|ch 4 (single

[e] Rs
nucleotide polymorphism; SNP), &3 2 ¢l 919 AFg57}Hfarm), =5 L ¥ (age) & 83t} 22
= AAFA TS A= ¢ FHAFA 80L& Fe Ao] FHolng A 8 ?l% A A3}

BHAS 2L AAFA He Foto] B webs, &
Mg 7R 1), SNP+ m7l, g9 HAl = 7o

T\:‘

= pu+ ao(age, —age) + aafarmip + - - - + ay—1farmy_1 x + B1SNP1x + - - - + B SNP i + €k,
i=1,2,. 0 5 =1,2,....m; k=1,2,...,n. (2.3)

(23)°0A1 g KRR RE9-9] AR, pt AAFAY AA BFE HEhE B4, agert kA
90 £59, aget £5 0] AR B, aok £5YYY B, farmas kWA 90 i) A}
57k ANME, a (WA AR Rk, SNPE kA 90 A S8R, Bk R R
AR £, e N(0,0%)9 BEAFolth w3 FHRS £5AHY T} ook BE A (R4
Ayl BEOE AEIHE AL Hvoln AAAS Af571E Uehhs ¥4 farmg s Theh 2ol
A A A%z Ao we,

farme — o b REA b oA S SAd W (i=1,2,...,0- 1),
"7 0, ord .

webA] 2 As ke B o, (i = 1,2, )= @ iAol siehs shuke) &k A "
ny4 (2.3)€ 4 (22)9 Fel2 vehfu og3} 2ot

rﬂJ 1>

=

Y=p+Ea+GB+e (2.4)
2l (2.4)9] BAAJ] B Eatv 99 AHSs7tel 2598 gt f-34 <0 &3 GB& SNP
sfgsict
Ay farmi; farmg; --- farmy_q;
Ao farmio farmgs --- farm;_i o
Ea = | As farmiz farmos --- farmy_i 3 (ao a1 ay .- 041—1),
A, farm; , farmg, --- farm;_q,
SNP1; SNPs3; -+ SNP,,1
SNPi12 SNP3s -+ SNP,2
!
GI@: SNP13 SNP23 SNPm3 (ﬂl 52 53 ﬁm)
SNP1, SNPs3, --- SNP,.n
Ap =age, —age; =1,2,...,1; j=1,2,....m; k=1,2,...,n.
S4A 82 ASETI 25 YR &3 &S A5, AAFE YollA 489 B 44
E&s AAS &5 FA80 dist AAFA ZE 73t o] YEl Y o3 2t

Z=Y - E&



1250 Jea-Young Lee, Jae-Cheol Park

GETTE © GGTYE o Stepa |
SNP1
_ Factor AA AT T Models

SNPL 3|5, Factors  Error
sNp2 kel 1=y SNP1*SNP5  19.25

I 20 I
%2 15 % SNP1*SNP3  22.12
SNP1*SNP2 o SNP2*SNP4  24.33
SNP1*SNP3 k=2 ®loo 7 SNP2*SNP3  28.14

Case Control B High [] Low ;

Figure 2.1. Multifactor dimensionality reduction(MDR) algorism.

adj(y1) 1 o

adj(y2) Y2 a1
z=|adjws) [,  v=[|us]|, a=| &

adj(yn) Yn Qi1

HEA, B ATl <5 0200 B3t AAPA 28 MDR 7] A8l 94 $A%E 4
),

2.2. UEBCUXAIRHSZA J1Y

MDR (Ritchie 5, 2001) 7|2 o] &3 250 ﬂ%?‘& 899 A8 &

o] BEX=7F Sk siAe] AP AL £V A9 AMgEh 283 gnksid A
ol that 37} myefl tigk 7Hgo] BashA] ok wR4A o)tk o] W2 Aty
53 SYPHSE 1 AP (high risk) 2} A $1EF(low risk) 2 B73F F Fx ol o
Hashs o e A9 F7HE Sl 52 AAHo] YSH Uk Figure 2.1 MDR %ol &
A5 VERdTh

7AiM K-BaTHEAHLR teolHE o&3} 3 F, MDR 7]
AAREE 1 AL A APLeR BRI 1 LERES
SNP&} SNP23HS Zt=t} (Kim3} Lee, 2015).

o m]o

o] 2% tlolEof thsiA dxErt.

31482 74 AQ 99AL HAT volE bootstrappings Sk &
<] dlo]Efoll MDR 7|'H& A-§3to] 4= FAE, §-3128-& Ad st}

]

flo J
w Tt
=

X,
o
X

Ni

p

£ Aol AHgE dlolEE AEA G 177]9] ARS-sgelA A2 51379 g2 R E £ et (Oh
, 2011). BABAE e ni Fo| TS Frhn i SH AT DA EXSA YL, T
o] FAo FFE T+ SASE, THAYEE EA40 ARgstith SNPE At F4 e F W
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Table 3.1. Mean, standard deviation(SD), Min, Max of each adjusted economic traits(Z)

Economic trait N Min Max Mean SD
C18:1 5130 38.38 50.76 43.7860 1.87212
MUFA 5130 47.27 60.19 52.6567 1.92542
MS 5130 3.23 8.62 5.7035 0.92757
CWT 5130 381.84 488.70 425.7529 12.38209

Z is an economic traits after correcting for environmental factors.
C18:1 = oleic acid; MUFA = monounsaturated fatty acid; MS = marbling score; CWT = carcass weight.

Table 3.2. Mean, standard deviation(SD) of adjusted economic trait(Z) which are divided into two classes

Economic trait Group N Mean SD

C18:1 Case(1) 1870 45.7442 1.29540
Control(0) 3260 42.6627 1.04454

MUEA Case(1) 1810 54.6017 1.40174
Control(0) 3320 51.5473 1.08097

MS Case(1) 2490 6.4511 0.53891
Control(0) 2640 4.9983 0.61106

CWT Case(1) 2080 436.7825 9.08470
Control(0) 3050 418.2311 7.87685

Z is an economic traits after correcting for environmental factors.
C18:1 = oleic acid; MUFA = monounsaturated fatty acid; MS = marbling score; CWT = carcass weight.

A ARAA F23 98-S = SCD FAA 1671 SNP FolA 871X SNP(g.6850+77 A > G,
2.8646+128 A > G, g.10153A > G, g.10213T > C, g.10329C > T, g.13757C > A, g.14047C > T,
g.14578 A > G)&} FASN 532} 197}7] Fof| A 57} SNP(g.12870 T > C, g.13126 T > C, g.15532
C > A, g16907T > C, g.17924G > A)2} SREBPs 82} 10714 S0l A 27}4] SNP(g.3270+10274
C > T, g13544 T > C), FABP4 37} 137}2] SNP ol 4] 67}#] SNP(g.2634+1018 A > T, g.2988
A> G, 2369 G > A, g.3710 G > C, g.3977-325 T > C, g.4221 A > Q)& & 217FA] AR %
A& Wt} (Oh, 2014). Table3.1-2 #738lo] BAH 5,130F thst 2 AAFA 47k, Ao
%, B, BEAUAE UER ®0]a1, Table3.2% o] 23} 9 dlo|8 9] Fv¥3 BEAAE vERd Eo|r}

3.2. MDR J|H0]| 2|§t R4 RTALRTAN MY

K-Fa2HEA 0 oaf o3} A tlo]ElE MDR 7|HS A3l A= $A 2438 & 217
°] SNPE &g§3lt}y. Table 3.3 AAFAEZ 7P =2 AFE A5 A (testing balanced
accuracy; %) 7= AL JeRth ©Y SNP A9 AAFA mEr} 72H7] o2 @y SNP7L
AdEglom, SNP 2] AL sty ddEXZSA bl 4 (g.3977—-325 T > C, g.3710
G > C) 2Fo] 7P =2 ASE A5 AYEE 7IA+e 2= vepgdth I3 A=A
=(g.3977—-325 T > C, g.10153 A > G) 2, RA|ZFol| A= (g.3270+10274 C > T, g.17924 G >
A) 2Fo] 71 8t 2oz A¥Egloy, &Y SNPETE SNP 23] ERAF=7} o Eo4kt)
Table 3.4+ A8E ¢ SNPO] 94 FAXG I v FAAE 49| Apo|7t FAAHSE Fo3AE
goli 7] 30 -ARLS A S AFfo|t). BE SNPOJA 24 SAAHT v|L4 SR 7He] Ao
7F 3 vERgoH, o] & Z#A4k](g.3977-325 T > C, g.3710 G > C) =

P vl FHAAE 2ol 7PE 2 AbolE Btk SRl FEFE nAE 4% FHAE AEEH

oo
lo

o

4>
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=
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Table 3.3. Accuracy of each adjusted economic trait(Z)

. . SNP single Training Bal. Testing Bal.
Beonomic trait(Z) SNP combination Acc. (%) Acc. (%) ove
C18:1 g.13544 T > C 0.6907 0.6789 7/10
g.3977-325 T > C, g.3710 G > C 0.7795 0.7795 10/10
MUFA g.3977-325 T > C 0.7082 0.7082 10/10
g.3977-325T > C, 23710 G > C 0.7991 0.7869 6/10
MS g.10153 A > G 0.6731 0.6731 10/10
g.3977-325 T > C, g.101563 A > G 0.7383 0.7383 10/10
CWT g.3690 G > A 0.6349 0.6349 10/10
g.3270+10274 C > T, g.17924 G > A 0.6940 0.6940 10/10

SNP = single nucleotide polymorphism; Training bal. Acc. = training balanced accuracy; Testing Bal.

Acc. = testing balanced accuracy; CVC = cross-calidation consistency; C18:1 = oleic acid; MUFA =

monounsaturated fatty acid; MS = marbling score; CWT = carcass weight.

Table 3.4. genotype results of each adjusted economic trait(Z)

Economic SNP Genotype N Mean+sp  value
trait(Z2) (p)
CT,TT 1780 44.88 + 1.86  32.121
13544 T > C

cc 3350 43.21 + 1.60  (<0.000)

L30T 325 T > C cC 800 46.48 + 1.61  52.275
o181 CT,TT 4330 43.29 + 1.45  (<0.000)
cC 540 45.61 £ 1.47  29.709
g:3710 G > C CG,GG 4590 43.57 + 1.80  (<0.000)
23977325 T > C _ COCC,CCCG,CCGG,OTCC,TTCC 1250  46.01 = 1.56  60.057
g3710 G > C OTHERS 3880 43.07 + 1.32  (<0.000)

L 30TT_325 T > O cC 800 5552 + 1.72  52.540
CT,TT 4330 52.13 + 144 (<0.000)

cC 540 54.33 £ 1.50  26.639
MUFA 37106 > C CG,GG 4500 52.46 + 1.87  (<0.000)
23977325 T > C _ CCOC,0CCG,CCGG,CTCC,TTCC 1250  54.93 + 1.68  57.632
g.3710 G > C OTHERS 3880 51.92 + 1.34  (<0.000)

L1013 A > G AG 2300 6.06 £ 0.79  26.608
AA,GG 2830  5.42 +0.93  (<0.000)

NS g39TT_325T > C cC 800  6.56 + 0.83  31.538
CT,TT 4330 554+ 0.86  (<0.000)

23977325 T > C  OCGG,CCAG,CCAA,CTAG,TTAG 2780  6.11 + 0.83  39.265
g.10153 A > G OTHERS 2350 522 +0.79  (<0.000)

GG 3000 428.32 + 12.22 18.312
g:3690 G > A AAAG 2130 422.14 £ 11.69 (<0.000)

£ 3270410274 C 5 T TT,CT 3600 428.45 £ 11.68  25.380
oW ce 1530 419.41 £ 11.67 (<0.000)
GG 3120 427.90 + 11.87  18.126
g17924 G > A AG,AA 1710 421.46 + 12.28 (<0.000)
.3270110274 C>T TTAG,TTGG,CTGG 2060 430.01 = 11.49  31.361
217924 G > A OTHERS 2170 419.95 + 11.14 (<0.000)

SNP = single nucleotide polymorphism; C18:1 = oleic acid; MUFA = monounsaturated fatty acid;

MS = marbling score; CWT = carcass weight.
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Figure 3.1. Graph of the best SNP combination selected by each adjusted economic trait.

SNP =3Hg.3977-325 T > C, g.3710 G > C)& 2% Ul Zzte] ©+d SNP&} mlws] B SNP =
3to] AL} t-3ko] 60.0572 71 2 xpo] & Ho|u, HHo] 46.01¢1 CCCC, CCCG, CCGG, CTCC,
TTCC7l 5 FAAF o2 A it 7R 2 2232344, 2WANE, SA5%Y] 3¢
o= AEE SNP 22 23 W 229 SNP @ Aol vlal A| B & Xo|§ HolBg SNP 2%
o] A97F &Y SNP9 ALKt AAGZAe o] & fFd4 EHE vtk ddEZ3A Yt &=
SNP 23Hg.3977—325 T > C, g.3710 G > C)°llA] 7] 54.93%1 CCCC, CCCG, CCGG, CTCC,
TTCC7} ¢4 AP oz A= ga, ZUWALEAE SNP 23 (g.3977—325 T > C, g.10153
A > G)oA Ho] 6.11¢21 CCGG, CCAG, CCAA, CTAG, TTAGZ} $53 FAAGE g TAF
2o A= SNP 28H(g.3270+10274 C > T, g.17924 G > A)ollA o] 430.01¢1 TTAG, TTGG,
CTGG7t 94 Aoz AdE ). Figure 3.12 MDR 7|9 A7z, AA P A W= {93 7}

4 94% GO 488 G824 23 FAAYS e agelth. 97X (threshold; T) R} 2
A% 3992, 42 49 A BTl

=
4. B2

et AR ¥ AN A= 5 F WA 8ol 9 mAE 2079 SNP(SCD, SREBPs,
FABP4, FASN) o] 278& o] 859 2494 (C18:1, MUFA, MS, CWT)o] §-9% §32 ulx
95T RAA 23 FAAGS B AT HolEE FRAY 17709 g FelN D
51359] 3-9 Ho|EE 109 bootstrapping® 51308 ol g3tttk WA 44 2913 847 g9

(@)

o] BF 23E AYRPL TET v, FHF sdvt A|AS EAE FAAFA e 7o H, K-B
FEHES WHOZ o]i3} A]A MDR 7S 1F8319th. 1 23} S84tz ddEx3A k|
e 94 AR 202 (g.3977-325 T > C, g.3710 G > C) 2L Ay, 2% W CCCC,

CCCG, CCGG, CTCC, TTCCE 4 Aoz A¥sdtt. AL Z o =(g.3977-325 T
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> C, 210153 A > G) o] 24 §HA o)1 23 U CCGG, CCAG, CCAA, CTAG, TTAG
L4 FARF o7 EASEA=(g.3270+10274 C > T, g.17924 G > A) 2go] }g %4%&
2} 23rola 2% W TTAG, TTGG, CTGGE 71g £43 SAAE oz Adsoic.
AR o] v]95 FARF TS 2pol7t FAHSE [FAE ot 7] 3 - S
£ SNP 2Fo|A 24 AP v A2 7he] 2ol 7t ik vrepgto v (p
SNPHET} SNP 2§9] A7t AAP Ao vX& G144 4] ¥ ot

o|x¥ MDR 7| ©]&3te A3t &4 A= 5 F WA Ao Foshe 21719 SNP /A7 &
ZF A A FFE vAE S GRS FAAY S AEE = ok A A4 3 FE F

u

F—.J

o

D 1
e (o do 2

/\ m’
rf'
N
0

|

il

H
7} 50| #odslk= SCD, SREBPs, PPARy, FABP4 FASN, LPL FA%} oAl £% 255 2355}
o sk AAF A F 3t G v A= 59 FAX 2 FAAHE AEE] A ATE A
3 Soltt.
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