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ABSTRACT

This study was conducted to investigate the combined effect of fatty acid synthase (FASN) and Acetyl CoA Carboxylase-a
(ACACA) genes on carcass traits of Korean cattle (Hanwoo). A total of 1,057 commercial Hanwoo cattle provided by the
NongHyup Livestock Research Center (NLRC) and Hanwoo Performance Competition (HPC) were used to analyze the effect of
four single nucleotide polymorphisms (SNPs) within FASN (g.112804>G, g.160244>G, g.16039T>C, and g.179244>G) and one
SNP within ACACA (g.2274G>A) genes. In addition, the effect of genotypic combinations between FASN (g./179244>G) and
ACACA (g.2274G>A) SNPs has been studied with carcass traits. Significant associations were identified between g.17924A>G of
FASN and carcass weight and back fat, and between the ACACA gene SNP g.2274G>A and longissimus muscle area with HPC
samples. It was also found that both effects of FASN g.17924A>G and ACACA g2274G>A polymorphisms were consistent in
NLRC samples. Combined analyses of both NLRC and HPC samples also revealed the significant associations between the FASN
2.17924A>G and carcass weight and back fat and between the ACACA g.2274G>A and back fat, respectively. The effect of the
genotypic combination of g./79244>G within FASN and g.2274G>A within ACACA genes showed that the combination of both
GG genotypes of FASN and ACACA SNPs causes higher carcass weight and marbling score. The results of this study indicate
that the two SNP markers within the FASN and ACACA genes can be utilized to select superior Hanwoo cows and calves in
commercial Hanwoo farms.
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Fatty Acid Synthase (FASN)$t Acetyl CoA Carboxylase-a
(ACACA) 5ol loH, oJ5e 4 A 199 A et
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Table 1. Means and standard deviations for carcass traits measured on Commercial Hanwoo populations

Hanwoo Performance Competition

NongHyup Livestock Research Center

(HRC) (NLRC)
Mean SD Median N Mean SD Median N
Carcass weight (CW) kg 433.38 43.25 432.00 425 410.33 39.79 410.00 632
Longissimus muscle area (LMA) cm”  91.78 9.78 91.00 425 85.59 8.74 85.00 632
Backfat thickness (BF) mm 13.16 5.07 12.00 425 12.60 4.39 13.00 632
Marbling score (MAR) 1-9 18.18 5.90 19.00 425 3.59 1.52 3.00 632
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Table 2. PCR primers and restriction enzymes used for SNP genotyping

Primer sequences Fragment o Restriction Size(bp) of the
5> size (bp nzyme elic polymorphism
Gene & SNP  GenBank no =30 76 (b Ta(°C) E °C)  llelic pol hi
FASN CCACAGTGGCCGACGTG
2112804>G  AFP0T 4\ A CTTCTCCAGGATGGGCACC 133 >8 Tagl (65) 133, 67
FASN CTACCAAGCCAGGCAGGTC
216024 4>G 28607 GOCATTGTACTTGGGCTTGT 336 61 Hhal (37) 336, 262
FASN CTACCAAGCCAGGCAGGTC ,
g16039>c AF?8607  Gecarrgracttgaeertt 0 30 61 Neil (37) 336, 247
FASN ACCTTGACACGGCTCAACTC
217924 4>G 285607 GTAGCCATAGGTGGGGATG 127 >8 Msel (37) 127, 93
ACACA AACTGAACTGAGGCAACTTAG .
22274G>4  M276233 1CCTATCTATAATTGGCAGTC 633 32:5 Acil (37) 633, 434
FASN CTCCACCACCGTGTTCC .
¢179244>G  AFP0T rocrgracacteTaGGecatag 13 35 HRM Genoyping
25ng primer 0.01uM, dNTP 5mM, 10XPCR buffer 2.5ul, I 4. SH &M
23 h-Taq DNA polymeraseE 0.625 unitsE o] #F Hk-&l
25 uls o-&33irk (1) FASN2} ACACA [Tl THAAT|HO|ET} &8
FASN 747} ¢.11280G>A Wolo] tjgh {728 #4e S5 SHREAHE Ao ety =4
gt PCR 4H=ollA] G WHolE 1Aeh= Agtad Tag IS A5} AAFEA 2] 3 FASN(2.11280G>A, g.16024A>G,
339t =3 g 16024A>G Holofl i3k FAAEETLS A o g.16039T>C, g.17924G>A), ACACA (g.2274G>A) *HolE9

71 XSk Hha I5 Azldt] 363 0H, ¢.16039T>C W
ol gt KA TA2 T 4718 AA8HE Nei [ AHEsto]
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632 (NLRC)oIA FASN AU ¢.11280G>A, g.16024A
>G, g.16039T>C, g.17924A>G9} ACACA AN g2274T
>C 9dg7|¥ele] 3218 e] RIEE Table 30 S.oFsk3th
FASN g.17924G>A% ACACA g.2274A>G9] ©d¢i7|Hols
o fAAE z3te] Wk Table 40 UL FASN 471
TAAE L ACACA FHA4 AA FAA4FEY 23s 7
A Mgt 7 whe 0.001 % YERECH, B3 FASN 24}
9] GG AR} ACACA AL GG fraAkg el 3l 7Y
A7y 77 e 03739 HIEE Yehioh
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HYEntel gty 4
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FASN $42F W9l g.11280G>A, g.16024A>G 12|31 g.16039T
>C Hdd7|WelE2 EAPAR] ABPREAY AaolA folAel
127 gl AS=R YEldth(data not shown). 3FA|RF FASN
g17924G>A &2 7l*ﬂ°1 A% (P<0.05), SAMWFA (P<
0.05)°] FoAQl Aol Y Ao Vet GG 7448
< 7R AE BAIFO] T SATFATE Sk A0R UER
oh ES FESAAATINA AT e 6327 E
FASN 32 W] g.11280G>A, g.16024A>G 18]I g.16039T
>C Gdd7IelE A EAZANS] AR AlM  #9

SEH7F A (m=425)90A

or

ir

.
A3

N

Aol gt 9= Ae2 YEPgA Y (data not shown), FASN
B oApola daEe g s Aede 358907 AR g17924G>A T G7|Holol A EAF (P<0.05)0] FF e At
4255 (HPC)9+ 59 ’&03?%9] GHRISARIANA AR A5 Aol e ALE YEith E3 FHSAATYY] s
Table 3. Genotype and minor allele frequencies of FASN gene and ACACA gene polymorphisms
Pomiton  loton AAChnEe FASNGene  No.ofGenospe ) T it ooy o P
gfi}zwl Silent ~ g.11280A>G ‘?ﬁ)iyz)z Agngo G(fé(,if; 359 0.368 0465  0.002
- gggg ThR — Ala 16024 A>G ‘?2%1%2 A(%[}Zf (3((338(;)6)5 420 0.408 0483 0.004
gﬁjﬁ TrP — Arg g.16039 T>C 31T8°/7<§ T(Szzolg C(S(:)OI/OS)S 401 0.403 0481  0.032
ggg/g Thr — Ala 17924 A>G A(’;%l)l 1?2(;1‘:%5 (}((7}302/09)2 398 0.147 0251 0423
NLRC gfﬁg Thr— Ala g.17924 A>G Aé(%l)“ "‘850}07)0 G(%;)zf 610 0.162 0279 0.668
HPC+NLRC gﬁ% Thr — Ala 17924 A>G A(‘;%Z)S ‘*(%;]6)6 G(?l;,l; 1008 0.156 0263 0.993
HPC Iflrgﬁlgf)/r Silent ~ g.2274A>G A(/;%z)o A(%(}A)zf G((gl(,f)l 380 0.222 0339  0.801
NLRC lfrgrflgf)/r Silent ~ £.2274A>G ‘“(‘7*%3)6 A(%%o G(ga%“ 560 0.234 0339 0244
HPC+NLRC Ifrglfgtf)/r Silent ~ g2274A>G A(?(%Sf "‘((3};1;1)9 G(gi;gS 940 0.229 0339 0254
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Table 4. Combined frequencies of the FASN g.17924
A>G and ACACA g.2274A>G polymorphisms

(n=828)
ACACA g2274G>A FASN g.17924 A>G Genotype
Genotype AA AG GG
AA 0.001 0.001 0.004
AG 0.009 0.074 0.210
GG 0.072 0.135 0.373
JHE EAL e gAT SARTAN FAF FARY

37} et (Table 5).

TENFES A ATEL FHE =425 FEEFAATY
oM AFRL At (n=632) FE5I] FASN g.17924A>G
dddr|wele} EAYATR] AR FAS FHHoE e
o, 1 A¥ T =AFA foH gt veRgeH
Al GG B 7K HAIZE A AR ATHP<0.05). SAEFA
INE FRFAATY oA SES7 H%*éé Blof A AlEwr

A B A Aol frelFQl ddAel e Al

ERJTH(P<0.05). & A+A¥E Kim 5 (2010)2] 247143
3 ThAAS Aol A Uehd FASN g.17924G>A ©94
ZIHol7b EAFH SAEFA MAE o] vt A
obgfe] 3074 H AN E ALE = A own FASN 34t
7b 54 Wk opUgt S35 sk v T A v
Y& FHEe A OE Atk

H‘u Mo =
o
gﬁm

Moo
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E3k Abe 5(2009) o AFAE FASN FHAUY g
16024A>G9t .16039T>C Td7|Hel7t dEshe-etolx]
WA Ak 20 oAl dEs Baskiled], B %
Aol AE 24e] et g@o] FHEA ol 39 <
WA e Aat 24 T7F 29 ZoE A
Egh;]_

ACACA A g2274G>A T/
AEA A= ZZ7H%*WW A 8 3
Ak (=425 FAFA
A d Ao 41 a&*é% UERNRICH (Table 5). &
ARk eh-sEgvt et FEFAATY ¢ s &%
o] X89S wole g2274G>A ©U97|woleh A whH
old= froldo] YRR kot SAEEACIA frefAel o
AJo] AT (P<0.05). 4CACA AL GG F+HAES 7
A A7 AGSH AA FAAE S 7R iR R SA AL
AL Ao Uehd Zik= Zhang 5 (2009)¢] Bl 2Ax]8kg]
t}. ACACA %%1 A7) (2.2274G>A) 9] Aty gzt B o
Toll AR o] ohefst A}Otﬁlﬁﬂr Aohgee 7], &
FrAzkete] % i P% o B acld s SAH frolA
o] thE A Yehd Aoz AlgEo], e AMA W FASN 34
Apokel FoAtg atel theiA F7HHQl A5 Tk

o

_1_4

3. FASN (g.17924G>A)2} ACACA (9.2274G>A) 7

Ato| crdA| golztel HE2E 1 24

Table 5. Phenotypic association of FASN g.17924A>G and ACACA g.2274A>G polymorphisms

HPC NLRC HPC + NLRC
Phenotypic (n:425) (1’1:632) (nﬂ125 and 632)
Gene trait Genotypic least squares P-value Genotypic least squares P-value Genotypic least squares P-value
means (SE) means (SE) means (SE)
AA AG GG AA AG GG AA AG GG
42485 43726 46401 399.85 424.72 427.14 40058 41330 440.26
CW (13290 (5.65)e, £ @766 0013 (1103) 412) 324y 006 (555 338) (270 00009
9641 9250  92.07 87.50 8470  85.44 89.79 8648 8678
FASN LMA 008y (127 07 OB% 0m) 090 o7 7 189 (075 (0.60) 02212
g 179244>G 1642 1286 1196 1371 1288 12.67 1502 13.00 1249
BE  (156)c (0.66), £ (0.56)F 008 (120) (045 (035) %0131 (096 (038) (030) *O118
276 2087 2083 292 367 3.3 298 372 363
MAR (162 069 (058 % ©41) ©15 ©12 %P2 040 ©15 @12 178
41095 42654 429.18 40806 410.01 408.07 41298 41895 416.05
CW ooy 87 5277 1% (716) 48) 82) 9809 (616 (.15 (o1 00!
8837 9054 9276 8519 8656 8581 8775 8781 88.13
dcaca IMA 238 28) sy M%7 (155 075 06 M (16 059 (055 08367
2.2274G>
1229 1235 1220 1247 1287 1382 1234 13.00 1439
BE 4300 070 063 %% 073) 035 ©29 %2 (068) (035 (032 0
1849 2103 214 338 373 355 359 402 397
MAR 1300 0700 063) %% 027y 013 ©10) %3 029 (15 (013 37!
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(a) Carcass weight (CW) kg

457
50 404 A7 a14

400
300
200
100

0
ACACA
FASN

Polvgene effect ©: 0.0°27
Inferaction effect - 0.0447

(b) Backfat thickness (BF) cm

; Effects of FASN and ACACA Polymorphisms in Commercial Hanwoo Populations

(C) Longissimus muscle area (LMA) cm?

oo 4 53 % % a8 o6 =% 8 87

Polygene effect - 0. 1568
Inferaction effect . 0. 1333

(d) Marbling score (MAR) 1-9

FPolvgene effect - 0.5217

Inferaction effect - 0.8257

0.0134
0.0321

Polygene effect :
Interaction effect :

Fig. 1. Combined effects of the Fatty acid synthase (FASN) and Acetyl-CoA Carboxylase-a (ACACA) genotypes

for (a)carcass weight (kg);
score. Carcass traits.

FASN g.17924G>A} ACACA g2274A>Gﬂ TAREe v

=

7wl ge] o] mAPA JIS wAe A dopry] ¢
3 T ENEE ] oA xﬂ%‘%ﬂ SH-sEHrt Aok FEEA
T-olA A Jds E }04 % 1,0605% o]g3fo] £
s FEY. 5gE SeHdolMe FASN  frAAke

2.17924G>A%} ACACA %ZJXM 22274A>G QdA7I¥)E 7F
U, FASN 4729 GG #3A# 4CACA 4749 GG
A 234 7R AN 7P =2 EA1F (P<0.05)7 Ui
I (P<0.05)8 a3t (Fig. 1).

Graugnard 5 (2009)& 28] A4 A7} oyz] diatel] %

ofghes At WAUEN A gt ATE PAAs} AL x A
wleh oo SHA A FastA=, FASN® ACACA 3
o] oA Apo7b YEhh= A& Hisk¢th Taniguchi &
(2004)9} Matsuhashi 5 (2011)2 FASNZ} SCD #-44F vje] ¥
o7k Ar3hs- ‘%‘X‘L olAl 5 A 24 IS mAE
& rE Hausigied], dedded FFAA gt
Fapol] F7HAQ1 A7 2o % 4°i *}EHE}

Boogre] Aufol A= AT A A H5A el
FASN#} ACACA &2 %WMP %%_‘OML
o] FUA S} A

2y
oz, TTEL S §49 d9xwr] S %%HH FASJWJr
&

oz g

(b) back-fat thickness (mm);

(c) Longissimus muscle area cm?; (d) marbling

? o

2 ATe A e 9 3 AAEe] A R el
FASN7 ACACA 37 e] @ 97]we] (SNP)
EAZA nAE dFE 2ARP] s FAE Ak
H7HG 42579 5F SAATAAA AT 6327
02 FASN A9l 470 (g.112804>G, g.160244>G,
g.16039T>C, g.179244>G)9] HUA7HlET ACACA FHA
el 17H(g2274G>A) sy HolEo] =AYA wA=
£ 2439l - Gl FASN g.179244>G= &A)

(e

Foh FAUTAD el Awge ehhon, acaca
g274G-A% WA BEH] £959 Ange Uehhair.

Y FANATAY MSIMNE FASN g.179244>G= =AFA
ACACA g2274G>A% W dAolA L o4 A
o] #AFHST. &5 sHFTRIGN T FA7
eto]  FASN A7 g179244>G 9 ACACA
g2274G>4 WolE WA Aol A= FASN g179244>G+= =

A SALFAN FAA Aol UEhtoH, 4CACA
g2274G>A% SARTFANA oAl A Uegict.

3t FASN g.179244>GSt ACACA g.2274G>A 9 %ﬁz}%‘éﬁ%
of th2 XA EAFH SR dedgairt F45
om, EAFH AT 7oA A7H ZaE vERdigl
Tk FASN g.17924G>A°] GG A8 ACACA g.22744>G
o] GG FHAEY x2S 7K A ve Y

Ayl =

3 O
ANEE 7

$27

ZEFO. 7].

AH=

~394—



Jeon et al. ; Effects of FASN and ACACA Polymorphisms in Commercial Hanwoo Populations

A AT B BARY BUAgES W
BRAYG (P<0.05). ¥ AT A= T g B
15 S35 §90) S48 Fob Ao B8 + 9

2 Az

(GFAO]: AP A, AN, =R, AR

o

Abe, T., Saburi, J., Hasebe, H., Nakagawa, T., Misumi, S., Nade, T.,
Nakajima, H., Shoji, N., Kobayashi, M. and Kobayashi, E. 2009.
Novel Mutations of the FASN Gene and Their Effect on Fatty
Acid Composition in Japanese Black Beef. Biochem. Genet.
47:397-411.

Bhuiyan, M. S. A, Yu, S. L., Yoon, D., Cho, Y. M,, Park, E. W,
Kim, N. K., Kim, K S. J. H. 2009. DNA
Polymorphisms in SREBF1 and FASN Genes Affect Fatty Acid
Composition in Korean Cattle (Hanwoo). Asian-Aust. J. Anim.
Sci. 22:765-773.

Graugnard, D. E., Piantoni, P., Bionaz, M., Berger, L. L., Faulkner,

and Lee,

D. B. and Loor, J. J. 2009. Adipogenic and energy metabolism
gene networks in longissimus lumborum during rapid post-
weaning growth in Angus and Angus X Simmental cattle fed
high-starch or low-starch diets. BMC Genomics. 31:142.

Kim, S. W.,, Lee, J. H., Won, Y. S,, Kim, N. S. and Kim, K. S.
2010. Effect of the Fatty Acid Synthase Gene for Beef Quantity
Traits in Hanwoo Breeding Stock. Korean. J. Anim. Sci &
Technol. 52:9-16.

Li, S, Kim, S. W., Lee, J. J., Lee, J. H, Yoon, D., Kim, J. J.,
Jeong, Y. C., Jeon, S. H., Choi, J. W., Kim, N. S. and Kim, K.
S. 2009. Characterization of the Bovine FASN Gene Variation
for Carcass and Beef Quality Traits in Hanwoo. Korean. J.
Anim. Sci & Technol. 51:165-192.

Matsuhashi, T., Maruyama, S., Uemoto, Y., Kobayashi, N., Mannen,
H., Abe, T., Sakaguchi, S. and Kobayashi, E. 2011. Effects of
bovine fatty acid synthase, stearoyl-coenzyme A desaturase, sterol
regulatory element-binding protein 1, and growth hormone gene
polymorphisms on fatty acid composition and carcass traits in
Japanese Black cattle. J. Anim. Sci. 89:12-22.

Melton, S. L., Amiri, M., Davis, G. W. and Backus, W. R. 1982.
Flavor and chemical characteristics of ground beef from
grass-forage- grain and grain-finished steers. J. Anim. Sci. 55:
77-87.

Oh, D, Lee, Y., La, B, Yeo, J, Chung, E., Kim, Y. and Lee, C.
2011. Fatty acid composition of beef is associated with exonic
nucleotide variants of the gene encoding FASN. Mol. Biol. Rep.
10:1190-1197.

Roh, R., Zaragoza, P., Gautier, M., Eggen, A. and Rodellar, C. 2005.
Radiation hybrid and genetic linkage mapping of two genes
related to fat metabolism in cattle: fatty acid synthase (FASN)
and glycerol-3-phosphate acyltransferase mitochondrial (GPAM).
Anim. Biotechnol. 16:1-9.

Roh, S. H, Kim, C. Y., Won, Y. S, Park, C. J., Lee, S. S. and Lee,
J, G. 2010. Studies on Genetic Parameter Estimation and Sire
Selection to Ultrasound Measurement Traits of Hanwoo. Korean.
J. Anim. Sci & Technol. 52:1-8.

Shin, S. C., Heo, J. P. and Chung, E. R. 2011. Effect of Single
Nucleotide Polymorphisms of Acetyl-CoA Carboxylase a
(ACACA) Gene on Carcass Traits in Hanwoo (Korean Cattle).
Asian-Aust. J. Anim. Sci. 24:744-751.

Smith, S. B., Lunt, D. K., Chung, K. Y., Choi, C. B., Tume, R. K.
and Zembayashi, M. 2006. Adiposity, faty acid composition, and
delta-9 desaturase activity during growth in beef cattle. Anim.
Sci. J. 77:478-486.

Taniguchi, M., Utsugi, T., Oyama, K., Mannen, H., Kobayashi, M.,
Tanabe, Y., Ogino, A. and Tsuji, S. 2004. Genotype of stearoyl-
CoA desaturase is associated with fatty acid composition in
Japanese Black cattle. Mamm. Genome. 15:2101-10.

Uemoto, Y., Abe, T., Tameoka, N., Hasebe, H., Inoue, K., Nakajima,
H., Shoji, N., Kobayashi, M. and Kobayashi, E. 2010. Whole
genome association study for fatty acid composition of oleic acid
in Japanese Black cattle. Anim. Genet. 42:141-148.

Zhang, S., Knight, T. J., Reecy, J. M. and Beitz, D. C. 2008. DNA
polymorphisms in bovine fatty acid synthase are associated with
beef fatty acid composition. Anim. Genet. 39:62-70.

Zhang, S., Knight, T. J., Reecy, J. M., Wheeler, T. L., Shackelford,
S. D., Cundiff, L. V. and Beitz, D. C. 2009. Association of
polymorphisms in the promoter I of bovine acetyl-CoA carbo-
xylase-a gene with beef fatty acid composition. Anim. Genet.
41:471-420.

Ministry for 2004.
Guideline for Livestock Product Grading System. MIFAFF
2004-66.

(Received Aug. 3, 2011; Revised Sep. 29, 2011; Accepted Sep. 30, 2011)

Food, Agriculture, Forestry and Fisheries.

—395-



