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ABSTRACT

A previous study has shown that the g.17924G>A polymorphism of fatty acid synthase (FASN) is associated with unsaturated
fatty acid composition in the Hanwoo beef, hence this study was conducted to evaluate the effect of single nucleotide
polymorphisms (SNPs) within FASN gene on the selection phenotypes of Hanwoo breeding stock. A total of 925 progeny test
steers were used to genotype g.11280G>A, g.13125T>C,and g.17924G>A polymorphisms and significant associations were found
among g.11280G>A, g.17924G>A, and carcass traits, such as carcass weight, backfat thickness, and beef quantity index. No
significant association was found between g.13125T>C and carcass traits. Although the degree of linkage disequilibrium (LD) was
not strong among g.11280G>A, g.13125T>C, and g.17924G>A in the LD analysis, four major haplotype classes were formed with
the genotypic information within the FASN gene; the frequencies of the halpotypeswere -GCG-[0.378], -ATG-[0.301],
-GTA-[0.191], and -ACG-[0.063], respectively. Phenotypic association was performed among these haploptypes, and the haplotype
2 (-ATG-)was significantly associated with higher carcass weight when compared to the other haplotypes, i.e. haplotype 1 (-GCG-)
and haplotype 3 (-GTA-). A copy number of the FASN haplotype 3 (-GTA-) had also a significant association with carcass weight
of subjects. In conclusion, it was observed that two polymorphisms (g.11280G>A and g.17924G>A) and their haplotypes within
the FASN gene are consistently associated with carcass traits. Therefore, it is desirable to use the FASN polymorphisms for
pre-selection program as genetic marker with improved carcass yield and beef quality of the Hanwoo sire at the Hanwoo
Improvement Center as well as for commercial Hanwoo producers, the FASN genotypic information can be used for a part of
selecting Hanwoo dam for superior calf production.
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153 9Ith(Cho 5, 2007; Cheong &, 2008; Kim % 2009).
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QlAamp” DNA Micro Kit (QIAGEN, USA)E ©]43e] DNA
& FZ319th DNA A% 242 spectrophotometer (Pharmacia
Biotech, England)E ©]83}4 260 nm~280 nmollA SHFE=E =

Aoto] DNAY| Fkdt s S9lsgit

_]
QN o

$3t] B9 SRRAANY EAGA =
A —L

AZ, TAFA, WTEEA, S35 2WALE 5 50 &
o] tiate] AAEHITH (Table 1)

FASN (GenBank accession number AF285607)2] g.11280G
>A (Exon21-Silent), g.13125T>C (Exon24-His1390Tyr)%} g.17924G
>A (Exon39-Thr2158Ala) 7t7te] ®Blol5S Edehe 999 $%
< 98l Oligo 6 (Molecular Biology Insights, Cascade, CO,

USA) 22335 o]gsto] 3709 primer A2Fs}ItH(Table 2).
DNA TZ& 93] A% PCR 7|AIE PTC-200 themocycler

(MJ Research, Watertown MA, USA) ©|-8-38}%2H, DNA &%
EF h-Taq polymerase (Solgent, Korea)S AH399tt. PCR
WS template DNA 25ng, primer 0.01uM, dNTP 5
mM, 10XPCR buffer 2.5ul, Z12]3 h-Taqg DNA polymeraseS
0.625 unitsE ol HF 3 25ul ol&ah WA
Hz 95CAA 1027 o7k @ F 95TelA 30% <k WA
Al7131, Z} Primerdll t)-8-3}= annealing &%= (Table 2)°4] 30
a3 72Tl 402 3 (extension)A7]= F 40 Afo]F wh
SE8la 72°CoAA 5% wEAE YA (final extension)E 58
11 DNA $%& Fdslirh 38 A4E5S 4ulE 35
5 2% agarose gelolA 100 mv AtolA 2087 A7]9%S
3 gelgt & A EAS A AgaaAe]d o]&atsit

FASN #37 g11280G>A Holo] tjdh Ay #Ae
primerE ©]&3te] $E38 PCR AHEO|A G WolE QA5+ Al
A Tagls Asto] Ttk T3 g 13125T>C Wolo&=
T WolE k= ATas RsalS AHdte] F85190H
2.17924G<A (Thr2158Ala) ®o|:= Zhang %5 (2008) ©|-&3 A
HolE Qs AlGEA Mscl AHPste] ARE FAEE o8
&It (Table 2). g.11280G>A, g.13125T>C%} g.17924G>A°]
st RS BgL AdtEL 2 units: Hol 47te] HANHS
zhglA 6AIZE ol WS FE Add WHES 25%
MetaPhor” agarose gel (LONZA, USA)9IA 90mV ASHOZ 40
w1t 7|95 Fl TR (Fig. 1).
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Table 1. Means and standard deviations for carcass traits measured on Hanwoo populations

Phenotypes Korean native cattle data N Mean Std Dev Median
Carcass weight (CW) kg 925 362.71 39.16 360.00
Longissimus muscle area (LMA) cm’ 921 79.58 8.97 79.00
Backfat thickness (BF) cm. 921 1.04 0.39 1.00
Marbling score (MAR) 1-8 924 342 1.72 3.00
Beef quantity index (BQI) 924 66.52 2.95 66.96
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Table 2. PCR primers and restriction enzymes used for SNP genotyping

Primer sequences Fragment size o Restriction Size (bp) of the allelic
FASN Gene (5’-3") (bp) TACO) Enzyme (°C) polymorphism
CCACAGTGGCCGACGTG
2.11280G>A AACTTCTCCAGGATGGGCACC 133 58 Taql (65) 133, 67
GCCCTGACCCCCTCAAC
2.13125T>C GCAGGAAGATTGGGCTGTCAA 149 56 Rsal (37) 149, 88
ACCTTGACACGGCTCAACTC
2.17924G>A GTAGCCATAGGTGGGGATG 127 58 Mscl (37) 127, 93
FASN exon21-11280G=A
Size 100bp <1 J° - P — 133bp
— e s ————— — — — o — — 67, 66bp
FASN exon24-13125T>C
Size 100bp <=2 {1490
< ssbp
&3 61bp
FASN exon39-17925G>A
Size 100bp {1 [0 ————————— {3 127bp
— re—— S — —
—— & 93ip
& 3amp

Fig. 1. PCR-RFLP analysis of FASN-exon21-11280G>A, exon24-13125T>C, exon39-17924G>A.

3. sAEA

(1) g.11280G>A, g.13125T>C2} g.17924G>A 0|9 v}&3} 7}
fleEA 9 EHFEZEe ALk &4
FAAERZTE A FASN(g.11280G>A, g13125T>CSh Y = 1+ Si + Gj + Dy + bl + €jm
g.17924G>A) FAAZNE FHAAES EReY 1 REE ALt
93, Ae ko] 314 ¥ d (Hardy-Weinberg equilibrium A7 Yium: SAEEA A5, p: AA Q] B, S;: opHo] o
(P-value>0.05)% Zolir] glate] *-testZ FAHS AT & QA9aw, G: A4 &, Dy B2AE Lz AAE o
bl
&

o

3
st & U, by AAT A DAAT, epun: DALAE e
AARA ZAA ] ek FASN (g.11280G>A, g.13125T>C9  ©} o] 2o o3 AW GaAx8 HrAs Bt t 4%
g17924G>A) Wolo] 3Ag G3s FA4sl7] 18l SAS 9.1 81%.om, haplotype 7t 8 F #Ho]= contrast® 3%t
Package/PCE ©]43}o] &9 75 8 (MIXED) £4& 3l%low,

N

¢
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(2) 9.11280G>A, g.13125T>C%} ¢.17924G>A 0|2
=0y =4 9 g E 24

FASN g.11280G>A, g.13125T>C¢} g.17924G>A Ho] 7]
A #E73 (Linkage  disequilibrium) FAs7] )
HaploView software package (Barrett 5 2005)2 ©o|-&3}o &4
S 5150 Stephens 5 (2001) method H-E3fo] Wo|7tke]
D' g 439

A9 DI © S olgste] WA 70 (-GCG-, -ATG-,
-GTA-, -ACG-, -GTG-, -ATA-, -ACA-) 7}&-tl, W=7} >0.05
ool WA E L 470 (-GCG-, -ATG-, -GTA-9} -ACG-)Z e}
ok AAEA ZAA gk 4719] A g 99 &
AAY e gyt U BYE o] &sto] BAS stk

=
Qg

S-Sl FASN A g.11280G>A (Exon21-
Silent), g.13125T>C (Exon24-His1390Tyr)¢} g.17924G>A (Exon39-
Thr2158Ala) Wole] {71218 <] W= Table 3¢l 22850 9t}

AHAZ exon21Hol] AR g.11280G>A A HlEE=
% 853FA AAES 7HAaL e AAE 132F (16%) 2 YER:
on AGHE 4287 (50%), GG 293F (34%) = HAH L,
SH]9RIM 15 (P-value>0.05)  WHsh= Aoz vehgtt
(Table 3). FASN g.11280G>A %o]9] A=A glojAl= =
A% (P<0.005), AT (P<0.05) L FHA4 (P<0.05)°] <]
Aol e ez yeptEd, GGEE 7 MAE AAZT AG
ol vl LAFo] AR FANFAE GFob FHAFE B A
S & UEhth (Table 4).

FHAZ exon24Mel|l 3= FASN f71#R|e] g.13125T>C
Holo] M= F 51679 T FAdtelld CCHE 98F (19%)=
HAE oW, CT 2 2695 (52%), 18] TT F& 149F=
(29%)% Rt 3]k 138 (P-value>0.05)0] wHE ah=

Ao 2 YT (Table 3). FAABEA A 2AMd BE g2
oA A e o] gl AR UERTH(Table 4).

oA o 2 exon39Wo] A= g.17924G>A Holo] AA
g RlEe F 752579 S TelA AAEE 377 (5%), GGEH<
4897 (65%) = 7P W=7F =9kom, AGHE (30%)E YERE,
S oRIM I3 Y (P-value>0.05)& W dh= Aoz et
(Table 3). FASN g.17924G>A 1o]e] A@A Ao glojri= =
Aol frelidel AAEH (P<0.05), GGEE 7H /A= AAYE
o olFHFAL AGH HlE =AFL =2 Zloz et
(Table 4).

9] g11280G>A, g.13125T>C%} g.17924G>A F3121% Al
T A3E Li $(2009)7 Bhuiyan 5 (2009) 59 A3 A9}
AR A3tk Li 5 (2009)& exon21¥ol] 94X]3 g.11280G
>A HolE §ATE 227F Goll dxbgol 9L, g.17924G<A ¥e]
o] GG AR 7H AATE SAel Gkl FEAFTE =&
202 Bt £ Aol S8 247 5o =AFPA
FHA Kate] EAATe] TS AN F e (AT,
Az, WdHs, SALFA, FUALE 2 KT 59
AP A QlojA BAE gHe-ddFe] AeldelE Li 5 (2009)<F
A3t A q3s Yepi.

[

N

oft BN HT dlo

a

FASN
ZAL

2

Aol ABERY

[l

W

SH-HTA R 442779 FAAEE  o]83le]  g.11280G>A,
2. 13125T>C9} 2.17924G>A % 3719 Wo|Edl tfdh AviE+ty
(Linkage disequilibrium) #41& F33t%itk. 1 A3 ¢.11280G
>A%}t g.13125T>C F ®old| tdt r-square=0.1772 UERGS
W D'=0.568% #H=HAT). E3F g.13125T>C g.17924G>A
T HolEL rsquare=0.2072 YERGOH D'=0.6072 YERLL.
M g11280G>A%} g.17924G>A WolES r-square=0.101% 1}
ERton D'=0.920% ¥ Q1T (Table 5-a). ©|2]g FASN
Az Wlel g.11280G>A, g.13125T>C9 g.17924G>A Ho]E71e]
ety Age] dAjdsiel 2 Aole UTHLI B

Are

Table 3. Genotype and minor allele frequency of three major polymorphisms in FASN gene genotyped in

Hanwoo progeny test steers

Total  Minor HWE
Gene Position AA change Genotype (N. of number) N.of cattle allele Heterozygosity Povalue
) frequency

. AA(132) AG#428) GG (293)

g.11280G>A  Exon2l Silent 16% 50% 349, 853 0.395 0.478 0.958
. CC(98) CT(269) TT(149)

g.13125T>C Exon24  His>Tyr 19% 529 209 516 0.457 0.496 0.368
AA(37) AG((226) GG (489)

2.17924G>A  Exon39  Thr>Ala 50, 30% 65% 752 0.225 0.349 0.160
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Table 4. Association of 3 polymorphisms (g.11280G>A, g.13125T>C and g.17924G>A) genotypes and phenotypic

traits
FASN Gene Trait - Genotypic llezast squares means* (ZSZE) e
Carcass weight (CW) kg AA:364.71 (0.92) AG: 363.54(0.52)e GG: 361.52(0.63)a  0.0049
Longissimus muscle area (LMA) cm®  AA: 79.66 (0.72)  AG:79.72(0.51)  GG: 79.76 (0.58) 0.9926
& I(ijgst;A Backfat thickness (BF) cm. AA: 1.05(0.03) AG: 1.04 (0.03) GG: 0.97 (0.03)b 0.0413
Marbling score (MAR) 1-8 AA:3.62(0.15) AG: 3.45 (0.08) GG: 3.51 (0.10) 0.5595
Beef quantity index (BQI) AA:66.33(0.22) AG:6643(0.13) GG: 66.88 (0.16)b  0.0457
Carcass weight (CW) kg CC: 35591 (3.07) CT:35522(3.00) TT: 356.32(3.04) 0.5731
Longissimus muscle area (LMA) em’  CC: 79.34 (4.92) CT:79.38 (5.00) TT: 79.08 (5.00) 0.9300
& 13112255176‘;6' Backfat thickness (BF) cm. CC: 1.28 (0.35) CT: 1.35(0.35) TT: 1.36 (0.35) 0.2121
Marbling score (MAR) 1-8 CC: 2.74 (0.49) CT: 2.82 (0.48) TT: 2.60 (0.49) 0.4732
Beef quantity index (BQI) CC: 65.87(0.82) CT:6539(0.80)  TT: 65.27 (0.81) 0.2310
Carcass weight (CW) kg AA:360.03 (1.65) AG:361.92 (0.68)a GG: 363.36 (0.46)b  0.0499
Longissimus muscle area (LMA) cm®  AA: 77.84 (1.23)  AG: 79.43 (0.53)  GG: 79.70 (0.39) 0.3379
&l (1 rfffg;/l Backfat thickness (BF) cm. AA:1.12(006)  AG:1.03(0.02)  GG:1.04(0.02) 04412
Marbling score (MAR) 1-8 AA:3.25(0.27) AG: 3.46 (0.11) GG: 3.48 (0.07) 0.7299
Beef quantity index (BQI) AA: 6583 (0.44) AG:66.52(0.18)  GG: 66.44 (0.12) 0.3447
* Significance levels: a, b - 0.05; c, d - 0.01; e, f-0.005.
Table 5. Linkage disequilibrium and Haplotype structure in the FASN gene
a) LDs among FASN major three polymorphisms
[D']
g11280G>A g13125T>C 2.17924G>A
r-square g.11280G>A4 - 0.568 0.920
g 13125T>C 0.177 - 0.607
g.17924G>A4 0.101 0.207 -
b) Haplotype structure and frequency in FASN major three polymorphisms
Haplotype FASN 21 FASN 24 FASN 39 Frequency
htl G C G 0.378
ht2 A T G 0.301
ht3 G T A 0.191
ht4 A C G 0.063
* Others contain rare haplotype: GTG (0.033), ATA (0.018) and ACA (0.012).
¢) Probability of phenotypic difference between the haplotypes
Haplotype CW, kg LMA, cm’ BF, inch MAR, 1~8 BQYI, score
htl vs ht2 (estimate) 0.09 (-3.15) 0.52 (1.00) 0.15 (-0.10) 0.96 (0.02) 0.07 (0.92)
htl vs ht3 (estimate) 0.33(2.47) 0.25 (2.46) 0.15 (0.13) 0.36 (0.40) 0.10(1.14)
ht2 vs ht3 (estimate) >0.05 (5.61) 0.55 (1.46) 0.73 (0.04) 0.44 (0.38) 0.77 (0.23)

Size of the phenotypic difference estimated was in parenthesis.
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2009). I+ FASN g.11280G>A¢%} g.17924G>A2] WolE7te] AdE+t
Al (Haplotype)s WHE7] 98] d¥evd froloe@- @ Ahs =4 &2 o et AT (r-square>0.8)&
square>0.1, D'>0.5)°] wt AkE WEAEe F TR (-GCG-, AAsk=d o]8E & Ut (Gabriel 5 2002). WA FASN
-ATG-, -GTA-, -ACG-, -GTG-, -ATA-, -ACA-) YENT}F 42 Y9 g.11280G>A} g.17924G>A Ho] F 71X S FAo]
(Table 5-b). FASN w418 ¥ (-GCG-)Y HEE 0378, A olM AAS Adsl=r o]gsfojol dtln AT
FASN WHRAIE 23 (-ATG-)<] ¥lxi= 0.301, FASN HH=A13 3
W (-GTA-)9 HlEE 0.1912 YEepton, FASN uHRAE 49 3. 5t TctolM FASN SHXAF BHEEAE D A4 &2
(-ACG-)9] HIEZE 0.06302 9 WA vepdth 53k U] 3 Tto| AN 24N
N (-GTG-, -ATA-, -ACA-) W82 1 HIEr7E 0.05 K}
Aol WA FHIY] AWGEAAE ArFeH, Fast Table 6> S-FE AlE F 44275 o83t ATETY
WAL 4702 AdEte] ARAENS AAE OJZ (r-square>0.1, D™>0.500)0.2 = F23F 4719 WH=AE
FASN W<e=A8 2W (-ATG-)2 W48 1tH(GCG )7 W (Haplotype)oll W 470 A4S YeRdth FASN WrAE
A 3H (-GTA-) Hiles EAF0] f9402 w2 Aoz Yi 19 (-GCG-), WA8 29 ((ATG-)SF WA 49 ((-ACG-)>
=t (Table 5-¢), ©]= FASN g11280G>A%}t g.17924G>A2]  SH-ATolA ZAlg, widdddd, S, 2uAgE 2 &
M frazke oot stk dedel foA GEFE FATdAT Aol fle Ao uEhith kARt FASN vk
Table 6. The association analyses between putative haplotypes of FASN and the individual traits
LSM + SE** for different copies of LSM + SE** for different copies of
haplotype 1 haplotype 2
- (-GCG-) P value (-ATG-) P value
Trait 0 copy 1 copy 2 copies 0 copy 1 copy 2 copies
(345) (33) (64) (367) (41) (34)
. 354.26 356.38 354.17 354.53 353.98 357.98
Carcass weight (CW) kg (3.62) (3.98) (3.75) 0.4950 (3.65) (3.75) (4.03) 0.1386
Longissimus muscle area 78.38 78.97 78.82 0.8428 78.64 76.81 79.20 0.2828
(LMA) cm’ (6.52) (6.59) (6.43) ‘ (6.41) (6.58) (6.57) ‘
. 1.32 1.31 1.25 1.24 1.23 1.27
Backfat thickness (BF) cm. (0.49) (0.49) (0.49) 0.3903 (0.49) (0.50) (0.49) 0.8532
. } 2.57 2.68 2.56 2.49 2.71 2.35
Marbling score (MAR) 1-8 (0.60) (0.66) (0.63) 0.9285 0.61) (0.63) (0.67) 0.6293
o 65.18 65.29 65.75 65.40 65.20 65.15
Beef quantity index (BQI) (1.01) (111 (1.04) 0.3319 (1.02) (1.05) (1.12) 0.8205
LSM =+ SE** for different copies of LSM =+ SE** for different copies of
haplotype 3 haplotype 4
(-GTA-) P value (-ACG-) P value
Trait * 0 copy 1 copy 2 copies 0 copy 1 copy 2 copies
(411) 9 (22) (289) (153) (0)
. 354.70 347.63 351.01 354.31 355.09
Carcass weight (CW) kg (3.59) (4.84) (4.1808) 0.0327 3.61) 3.72) 0.4379
Long1551mus muscle area 78.76 76.51 75.44 78.95 78.90 _
(LMA) cm’ (6.39) (6.86) (6.61) 0.0885 (6.42) (6.47) 0.9467
. 1.25 1.47 1.32 1.24 1.25
Backfat thickness (BF) cm. (0.48) (0.50) (0.49) 0.1804 (0.49) (0.49) 0.8768
. ) 2.57 2.79 2.18 2.56 2.69 _
Marbling score (MAR) 1-8 (0.60) 081) (0.70) 0.5180 (0.60) (0.62) 0.4494
- 65.39 63.86 64.58 65.33 65.26
Beef quantity index (BQI) (1.00) (1.35) (1.16) 0.1272 (1.00) (1.04) - 0.8057

* LSM =+ SE, Least square means + standard error for phenotypic scores.

** 0 copy: -/-; 1 copy: -/ht-; -2-; copies ht/ht.
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AY 3 (-GTA-)S ZATY ABHE HATHP=0.0327). G4
WEAE -GTA- 725 7HA &2 SFH A (0-copies)
ol MAE F BAY I 425 F 41152 Uehton =
4.70+3.58i HAaGda 22oaE YeERgl 18
@ -GTA- TxE sht 7= o33 4A (1-copies)
9T 347.63+4.84°2 #HAENOM (-copiesS] FHHTA LT
e EAES vERSITh w3 Al -GTA- 7EE
£ 53U (2-copies)?! AT 22F7}F HEpto
51.01+4.1808 & 0-copies ¢l FHHTA Hr} vhe =AF
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