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Characterization of the Bovine FASN Gene Variation for Carcass and Beef

Quality Traits in Hanwoo
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ABSTRACT

Fatty acid synthase (FASN) is a multi-functional enzyme with a central role in the synthesis of long-chain fatty acid and has
been considered as a positional candidate gene for BTA 19 quantitative trait loci (QTL) affecting milk-fat content and fatty acid
composition. In this study, we sequenced the FASN gene in several cattle breeds including Hanwoo and imported beef cattle, and
identified novel DNA polymorphisms and their linkage relationship in Hanwoo. We found a significant frequency difference of the
FASN (AF285607) g.17924 A—G polymorphism between Hanwoo (70%) and other breeds and this polymorphism has been known
for an association with fatty acid composition in Angus.

Furthermore, by direct DNA sequencing in 18 unrelated Hanwoo, we identified 27 SNPs including nine novel variations in the
FASN gene. Among 27 SNPs identified in the FASN gene, four SNPs were further genotyped in 100 Hanwoo and 96 imported
beef cattle, and analyzed for haplotype construction and association with beef quality traits. We performed haplotype block and
linkage disequilibrium studies using four selected SNPs. Two different haplotype blocks (block A: g.10568 C—T and g.11280 G—
A; block B: g.13125 C—T and g.17924 G—A) were constructed and the block A in particular had a very high r2 (0.936), which
indicated a nearly complete linkage disequilibrium existed between the g.10568 C—T and g.11280 G—A polymorphisms. A total
of four major haplotypes (frequency > 0.05) were identified with the four polymorphisms including TATG (0.36), CGCG (0.31),
CGTA (0.19) and TACG (0.06).

Statistical association analysis revealed that the g.10568 C—T and g.11280 G—A polymorphisms in the FASN were
significantly associated with meat color (P=0.004) and texture (P=0.0114). The g.13125 C—T and g.17924 G—A polymorphisms in
the FASN were also significantly associated with back-fat thickness and quantity index (P=0.0179 and 0.0495, respectively). Our

findings suggested that the FASN gene polymorphisms may be used for determining the (unsaturated) fatty acid contents and
carcass trait in the Hanwoo beef.

(Key words: FASN, SNPs, HRM assay, Hanwoo, Beef quality)

.M = HAa4 Qo) T H=rk Ha Yt (Taum 5, 1982).
7)o SuiAEE sk T ARl S

Harzle] FAL HA4, A, A= 2 AR 5 AANRES A E3AR BEsHLte s A

of oJafr FH-$-=™ (Hocquette 5, 2005; Geay s, 2001)01 Hojth &1 (CI8:1n9)S a7y 7HE B2 H&
T DA Harle] FHé AxE SVHA SHT & AXEke EEISAWARY 3 SRE W S F
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Table 1. Primer used in these experiments

Primer Name Primer Sequence (5'-3") Annealing TM Product Size(bp)
FASN-9-1804-F CCCAACCTGCACTTCCACAAC 60 Qa4
FASN-9-1804-R CGTCCTTCCGATGCCTGTC
FASN-12-15-F ATCGGAAGGACGCAGGAGACC & 171
FASN-12-15-R GCCCACGTTGCTGAGGAAGA
FASN-16-19-F TCTCAGGCGTCTCCAAGGTCT & 1105
FASN-16-19-R CGGAGCTGGCCTCAAGGATA
FASN-20-22-F CATCACCGCCATCTACATCCA 60 1448
FASN-20-22-R AAGGCCCACCCACCGATT
FASN-23-26-F GACGTGAGGTCGCCCAACTC 60 1000
FASN-23-26-R AGGAATCGGCCAGGATGTTCT
FASN-27-30-F TGGACTGAGAGGGCAAGA 58 972
FASN-27-30-R CGGCTGACCCTGGCAGAG
FASN-31-34-F CACCATCCGCCTGTATCCTCA 58 044
FASN-31-34-R CCGRCGGGCAARRCACCT
FASN-36-38-F TGCGGTCCCACCCTCATAAC 58 904
FASN-36-38-R CAGATGGACAAGCCCTGT = ACCT
TE-a-F" AGAGCTGACGGACTCCACAC 55 697
TE-a-R" CTGCATGAAGAAGCACATGG
TE-b-F' CTCGCACACCTTCGTGATG 57 a7
TE-b-R" CACGTTGCCGTCCTAGGTAG
TE-c-F CGCTCACTGTCCTGTCCTAC 55 373
TE-c-R" GCTGTGAATAATACTAAGGATGGA
MSC-F AGAGCTGACGGACTCCACAC 55 180
MSC-R" GCCGATGCACTCGATGTAG

* All primers were based on the bovine FASN sequence NCBI GenBank accession number AF285607.

" Primers were referenced from Zhang et al., 2008.
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Table 2. Primer designs for HRM assay

Primer Name Primer Sequence (5'-3") Annealing TM Product Size(bp)
FASN-18-F TGAGAATGGCAACCTGATCGC 55 180
FASN-18-R AGAGCTTGGGGTTGGGATCT
FASN-21-F CCACAGTGGCCGACGTG 55 135
FASN-21-R AACTTCTCCAGGATGGGCACC
FASN-24-F GCCCTGACCCCCTCAAC 55 149
FASN-24-R GCAGGAACATTGGGCTGTCAA
FASN-39-F ACCTTGACACGGCTCAACTC 53 132
FASN-39-R CACTGTGGCCATAGGTGGG

* The four SNPs were HRM genotyped in the Hanwoo for association analysis (n=100)

A7IME Aow E ul FASNS 42709] exon®}t 41702 9ol ARz, 2709 g13125 CO T, 17924 G) A

intron .2 o]Foj At} (Fig. 1). & ATF-oA+= FASN 7
2hQe] A7IAEeNA gk FER v=AE S5 3
oA @ 47] WolE EAEIGITE 871 Primer S ©]&
3l exon9F-E] Intron 381714 A7IAMGEANS F3I8
exon 39~42 Wo] RAL 7zhang = (2008)¢] AF&3F TE-a-
F/R, TE-b-F/R, TE-c-FR, MSC-FR % 4 *2| Primer 52
o] &3t

Table 304 H+= wief o] RF gh9-9F wl=r 59 Al
ZolA 15702 SNP & slqlth. 2 AgoA F-ast
4 FASN #3771 daks 7]Ee] Bael 9714

o= KR
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I
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Table 3. Discovery SNPs of bovine FASN in this
study
SNP** Location ~ Amino acid change
position
840 S Exon 1 Synonymous
3469 S Intron2 —
4201 S Intron3 -
7218 S Intron3 -
7245 Y Intron3 —
7383 W Intron3 -
NCB 8950 Y Intron 12 —
9489 K Intron 14 —
10671 S Exon 19 Synonymous
14283 Y Exon 27 Synonymous
15977 R Exon 34 Synonymous
s 16847 Y. . Bxon 37 L. Symonymous.__ .,
*7709 C> T  Exon 10 Synonymous
*10568 C> T Intron 18 —
*11280 C> T Exon 21 Synonymous
New *11356 A> G Exon 21 Synonymous
SNP *11412 A)> G Intron 21 -
*11562 A> G Intron 21 -
*11648 A) G Intron 21 -
*11681 A) G Intron 21 -
*14436 C ) T Intron 28 —
"""""" 1152 CY T Inton 21 — 7
12870 C> T  Exon 23 Synonymous
Reported 13125 C> T  Exon 24  Missense Tyr > His
SNP 13965 C> T  Exon 27 Synonymous
17924 G> A Exon 39  Missense Thr ) Ala
18663 C> T  Exon 42 Synonymous
* NEW SNPs

** Nucleotide position are numbered according to the first base
of FASN gene as it appears in GenBank accession number
AF285607

Fs T Alow dEtl G iR e
A ] W 0.78% ul-f- A LEEHUATH(Table 4).

Characterization of FASN gene in Hanwoo

O: |
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3. o =0y
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= 4709 SNPol| tigh A S A5l 0™, Table 6
< A e Ao AvdS vehdth AN
Aot SR Feldor AFE & Thioesterase
(TE) domain 3%2] Exon39 ol EAlsl= 217924 G A

Holo|9E=d| §odo] & ArtA (additive) & 7= e

Wtk GG AR g He BAPEAL £ K
FA5E B, GA FA4F0] 1 o wgtom,

AA FAAELE 7P e A RS UERSATH
S Intron 18WHO]l EAIS= 210568 C ) T} Exon21™
of EAFH= g11280 G) AT ¥ AWHY EAZ &
A 227 FAo FolAl AdAde] e Ao U
WYl 210568 C) T9 CC¥H2 47 A 7to] CcTEH
TR %4 Yelsth(Table 6). 11280 G> A %A

1
.

Table 4. Genotypes and minor allele frequencies of 4 FASN gene polymorphisms in Hanwoo. Minor allele
frequency was calculated with alleles with lower frequency of each genotype

SNP name  Position chﬁﬁ%e Genotype (N. of cattle) N ;)F?tecl;ttle Mégg{wﬂgle Heterozygosity PI:I\jZII]je
10558Y Intron18 - CC(27) CT(55) TT(17) 99 0.449 0.555 0.222
11280R Exon21 Silent GG(27) GA(55) AA(17) 99 0.449 0.555 0.222
13125Y Exon24  His-Tyr  CC(16) CT(45) TT(39) 100 0.385 0.450 0.385
17924R Exon39  Ala-Thr  GG(62) GA(29) AA(7) 98 0.219 0.295 0.178
17924R*  Exon39  Ala-Thr  GG(32) GA(43) AA(16) 91 0.403 0.470 0.301

*US beef cattle genotype: The favorable GG frequency was only 35% in US beef cattle.
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Table 5. LDs and Haplotype Blocks in the Hanwoo FASN gene
A) LDs among FASN polymorphisms

. [ Markers ]
Polymorphisms
10568Y* 11280R* 13125Y* 17924R*
10568Y -
11280R 0.9386 -
e 13125Y 0.1748 0.1564 ~
17924R 0.1333 0.1318 0.1742 -
B) Haplotypes in FASN
Hap Block 1
10568Y 11280R Freq
htl C G 0.5404 htl
ht2 T A 0.4494 ht2
ht3 T G 0.0102 ht3
Hap Block 2
13125Y 17924R Freq
htl T G 0.3964 htl
ht2 C G 0.3850 ht2
ht3 T A 0.2186 ht3
Hap block A Freq Hap block B
10568Y 11280R 13125Y 17924R
ht2 T A 0.36 htl T G
ht1 C G 0.31 ht2 C G
ht1 C G 0.2 ht3 T A
ht2 T A 0.07 ht2 C G
ht1 C G 0.03 htl T G
ht2 T A 0.02 ht3 T A
ht3 T G <0.01 htl T G
ht3 T G <0.01 ht2 C G
ht3 T G - ht3 T A

A) LDs among FASN polymorphisms., B). Haplotypes in FASN., Asterisks (*) indicate polymorphisms genotyped in Korean native
cattle (n=100)

Table 6. Association analyses of 4 polymorphisms of FASN gene with carcass traits among Korean native cattle

Gene-SNP Phenotypic trait Genotypic least squares means ( SE ) P-value ?,(_13;3;8 ng;ﬁ?:t
FASN-10568 (C/T) Meat color CC : 5.120 (0.091)° CT : 4.941 (0.070)“"r TT : 4.575 (0.110)r 0.0004 0.0122 0.4311
(n = 99) Texture CC : 2.059 (0.041) CT : 1.980 (0.032) TT : 2.099 (0.050) 0.0501 0.3212 0.0187
FASN-11280 (G/A) Meat color GG : 5.120 (0.091)° GA : 4.941 (0.070)8'f AA : 4575 (0.110)f 0.0004 0.0101 0.4554
(n = 99) Texture GG : 2.093 (0.045)" GA : 1.975 (0.035)1’ AA : 2.095 (0.055)" 0.0114 0.3043 0.0044
FASN-13125 (C/T) Backfat thickness (mm) CC : 6.154 (0.670) CT : 7.684 (0.458) TT : 7.696 (0.463) 00912  0.1344  0.5477
(n=100) Quantity Index CC : 69.543 (0.598) CT : 68.097 (0.409) TT : 68.263 (0.413) 0.0879 0.0330 0.0420
Backfat thickness (mm) GG : 6.877 (04050 GA : 7.892 (0.530)*> AA : 9.446 (0.958)° 00179  0.0147  0.2655
FASN;LZQQ;(G/ A) Quantity Index GG : 68.824 (0.367)" GA : 67.929 (0.480)° AA : 66.955 (0.867)° 0.0495 00021  0.3010
Meat color GG : 4.848 (0.073) GA : 5.012 (0.096) AA : 5.170 (0.174) 0.0967 0.0198 0.0290

Significance level: *"0.05; “0.01; *F0.005.
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