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This study aimed to identify single nucleotide polymorphisms in exon 8 region of the calmin (CLMN)
gene and to evaluate their associations with meat yield and quality traits in Hanwoo (Korean cattle).
We compared gene expression pattern of CLMN between high and low marbling score groups with
extremely different intramuscular fat content of the longissimus lumborum muscles in Hanwoo. The
CLMN gene was highly expressed in the high marbling score group. Total of nine SNPs were identi-
fied in the exon 8 region of CLMN gene, genotyping of the SNPs was carried out using direct-se-
quencing analysis in Hanwoo population (n=300) to evaluate their association with meat yield and
quality traits. As a result, g.23249G>C in exon 8 was significantly associated with marbling score. Animals
with the CC and GC genotypes had higher marbling score than those with the GG genotype. We con-
structed haplotypes of CLMN gene by linkage disequilibrium analysis and analyzed association be-
tween haplotypes and meat yield and quality traits. Haplotype of CLMN gene was associated with
marbling score. As a result, animals with the CC-CC haplotype (g.23249G>C and g.23465T>C SNPs)
had higher marbling score than those with CT and GT haplotypes. These findings suggest that the
SNPs of bovine CLMN gene may be a useful molecular marker for selection of meat quality traits

in Hanwoo.
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A Hla B4& 98] ddRT-PCR ¥ qRT-PCR £4& 433}
%}, Table S19 A/ A€ primerEs AA 2 F43std &
T 0}% o1, GAPDH #A7& B4 {7 7} (control gene)=
Agake] A BdFE M AT ddRT-PCR &4 & 7}
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FEHE S FHAAS. FFo| ¢5d FELESL 25%
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& vl E4ei
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USA) kit®} ABI 7500 system (Applied Biosystems, USA)<
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W3S T PCR §H8-210-& T A 155, 58Tl A
25%, 72CAIA 202702 % 403 cycles 33T ABI
7500 system (Applied Biosystems, USA) ZA| & o] &3t &
Zo] &5 PR FEZ4HE9 & realtime PCRE 53313 T
FAA o] A AFe JCtEi (N E9 Ctat - GAPDHE
CtEh S Aeta, RN B ACtRL - BT A8 LCt
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Direct-sequencing #4-> A€ PCR $F4H&< forward
‘%l reverse primers 77 THE tube] ¥53} 1L, BigDye Ver.
sequencing kit (Applied Blosystems, USA)< o] &3to] &
& O & direct sequencing ¥F8& TRt Ath PCR 534+
£& ZR DNA Sequencing Clean-UP kit (ZYMO RESEARCH,
USA)& ©] &3} BigDye % primer% AAZE B 70% etha-
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Table 1. Association analysis between g.23249G>C SNP marker of CLMN gene and meat quality traits in Hanwoo (n=300)

Genetic effect

SNP Traits SNP genotype (n P-value

genotype (n) Additive Dominance
GG (161) GC (118) CC (21)

LW 538.461+6.742 537.105+7.887 537.142+18.376 0.990 1.318+£19.574 -1.393+25.139
CLMN CW 307.730+4.056 306.236+4.744 302.714+11.055 0.903 5.016+11.775 2.028+15.123
£.232491G>C LDA 77.211+1.061 74.578+1.241 73.000+2.893 0.165 4.211+3.081 -1.053+3.957
BF 0.776+0.035 0.663+0.041 0.714+0.095 0.114 0.062+0.102 -0.164+0.131
MS 2.153+0.203° 2.894+0.238° 2.857+0.555° 0.005 -0.703+0.591" 0.778+0.760

LW: live weight, CW: carcass weight, LDA: musclulus longissimus dorsi area, BF: backfat thickness, MS: marbling score.

" P<0.01,

**Within a row, means with different superscript letter differ (p<0.05).
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Fig. 1. Gene expression of CLMN gene between high- and low-marbing score grades of the loin muscle in Hanwoo. (A) The mRNA
expression of CLMN gene by differentially expressed reverse transcriptase-PCR analysis. (B) The relative quantification of
mRNA level for CLMN gene using quantitative real-time PCR analysis. Data are shown as means + SD and P-value. The
relative quantification of gene expression was analysis using ,aCt method. The 1Ct value was determined by subtracting
the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) Ct value for each sample from the target Ct value. The ,,Ct was
calculated by subtracting the low-marbled group 1Ct value from the high-marbled group »Ct value. Fold change in the relative

gene expression of target were determined by calculating the 2
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Fig. 2. SNP annotation and linkage disequilibrium analysis among SNPs of CLMN gene in Hanwoo. (A) SNP annotation of CLMN
gene in exon 8 region (NCBI bovine Reference Seq. AC_000178.1). (B) Sequence chromatograms of SNP genotype of CLMN
gene by using direct-seqeucning. (C) Linkage disequilibrium analysis among SNPs of CLMN gene in Hanwoo. The color
code on the Haploview plot follow the standard color scheme: shades of pink/red(|D’|<1, LOD>2); bright red(|D"|=1,

LOD>2). The number in cells are D" value.
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Table 2. Association analysis between Haplotypes of CLMN gene and meat quality traits in Hanwoo

Least square means + SD of CLMN haplotypes (Block 2)

Traits P-value
cc-cC GT

LW (kg) 531.6986.693 540.754+6.693 538.847+3.125 0.569

CW (kg) 302.339+4.014 307.773+4.014 307.679+1.875 0.470

LDA (cm?) 73.849+1.054 74.075+1.054 76.692+0.492 0.103

BF (cm) 0.662+0.035 0.715+0.035 0.752+0.016 0.060

MS (1~9) 2.943+0.200° 2.592+0.200" 2.271+0.093" 0.002

LW: live weight, CW: carcass weight, LDA: musclulus longissimus dorsi area, BF: backfat thickness, MS: marbling score.
**Within a row, means with different superscript letter differ (p<0.05).
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XE : 512 CLMN XXl exon 8t 4ofo| Alf7 EHIT|CIE Tt ZLHK|RIZO| CIZEMO| BHSH oI
AME - HolE8”
(AW FEAYHEF )
® d7E & CLMN 37 exon 8% ¥99 ddd7Id s 3 2 23239 d3A4S H7hsh7] 9
a st £, ¢ sAEANA 2§ W ARTFY FHE Aol & YEl e 2ALS IS AAES
O% 7F CLMN 329 dd s vlw A3t 1 A% CLMN f8A4E 128§ 2594 o A4 4
=t &% CLMN 14749 exon 8 G F 9749 ddd7 |ty & @%3};’12‘4, o] & SNPY| frx73
3 5% 9 $4PA9 AR E HUtst] Y3l direct-sequencing 41 535t 2+ | AH SNP genotyping &
FPsAh. I A, exon 8W G ol EAFHE g.23249G>C SNP7F U AL E AT F9 73 A@4 o
e Alw BHHNY &, CC Y GC #2448 < 7 MAEL GG FAAF S 713 AA Sl Hlg) Fo4e
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(2.23249G>C and g.23465T>C SNPs)& 713l 7jalE0°] CT % GT haplotype zte A £ vls) fojdoz
O & TWAREE 2he 218 S8ttt gabA & dFoA 228 CLMN F4749 SNPe &7 §43
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