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Abstract : The aim of study was to investigate genetic diversity for the calpain/calpastatin gene in three Hanwoo breeds
[(Brown (n=62), Brindle (n=81) and Jeju Black (n=30)]. Random samples from three breeds of Hanwoo were selected
and genotyped for the 7 SNPs of calpain/calpastatin using TagMan method. Allele frequencies were investigated for
CAPNI1/CAST gene. Allele frequency of CAST2 SNP was 0.75, 0.59 and 0.22 for Brown, Brindle and Jeju black,
respectively. The CAST3 revealed allele frequency of 0.59 and 0.57 in Brown and Jeju Black, while it showed very
low allele frequency (0.07) in Brindle. In particular, favorable allele (G allele) for the CAPN1-2 SNP which was shown
a strong association with tenderness in Taurine and Indicine cattle revealed 16% and 17% higher allele frequency in
Brown Hanwoo (0.82) comparing Brindle (0.66) and Jeju Black Hanwoo (0.65). AMOVA demonstrated that among
population variance occupied only 10% of total variance and among individual variance was 0%, while within individual
variance was 90% of total variance. This result showed that population effect contributed very small portion of genetic
to these three Hanwoo breeds, while within individual variance contributed large portion of genetic diversity within these
Hanwoo breeds. In conclusion, three Hanwoo breeds (Brown, Brindle and Jeju black) showed a genetically homogeneous
based on the 7 SNPs of CAPNI1/CAST gene and it came from same ancestor to form modern Hanwoo breed.
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Table 1. Information on the genotyped SNPs of CAPN1 and CAST.
Position AA
BTA . Recodi K fi
Gene SNP (Btau4.0) SNP N ecoding ey reference
AA=0
CASTI
AST Asp/Gl AG=1 -
CAS 7 (rs109727850) 97350808 A/G sp/Gly G
GG=2
CC=0
CAST2
97420163 T/C Val/Ala CT=l1 -
(rs109384915) TT=>
GG=0
CAST3
97432440 G/C Ser/Thr GC=1 -
(rs110914810) cc=
GG=0
CAPN1 29 (rsCl/;§$216739) 45330760 A/G - GA=1 -
AA=2
CC=0
CAPNI1-4
45330924 C/T - CT=1 -
(rs17872093) TT=2
CC=0
CAPNI-1
45332752 ly/Al =1 P 1., 2004
(rs17872000) 533275 G/C Gly/Ala CG age et al., 200
GG=2
AA=0
CAPNI-2 45349336 G/A Val/lle AG=1 Page et al., 2004
(rs17871051) GG=2
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Table 2. Sequences of the Tagman probes used for SNP genotyping.
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SNP name Forward primer (5'->3") Reverse primer (5'->3") Probe 1 (VIC) Probe 2 (FAM)
CAPN1-3 GCCCAAGGCAACGAG GTGGCCTGGAGCTGTC TTGGCATAGGCTTT TTGGCATAGGCCT
(rs17872079) TTCT C CT TCT
CAPNI1-1 AGCTGCTCCCGCATGT
T AGGTCAGT TCCA! TTCCA Al TTCCA
(1517872000) AAG GGCTGGGCAGGTCAG CCACGCCGTTCC CCACGGCGTTCC
CAPNI1-2 CCCCACCCTCTGCAGA CCTGGATCTGGTCA CTGGACCTGGTCA
Al ACGTACCT
(rs17871051) GA GGCAGGGCACGTACC TC TC
CAPN1-4 GCACGTCTGAGGGCTT TTGCGCAGCTCGTACC CACCGGCGGAGTC TTCACCGGTGGAG
(rs17872093) TGA A A TCA
CAST1 CAAGCCTTGGGAGCAG CATGTCCAGGAAATGA ACTCAGGCTGATG CTCAGGCTGGTGA
(rs109727850) TCA CTGACCTT AAAA AAA
CAST2 GAACACTGCTTTCTCAA CACTCACCGCTGG CACTCACCACTGG
GCTCCGCCCACAGCA
(rs109384915) GACATTTCC AGC AGC
CAST3 ACGATGCCCTGGATCA  TCTCATCTGGATCAGGC TGCCCGAGAGTGT TGCCCGAGACTGT
(rs110914810) ACTTT TGTCTT CAG CAG
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Table 3. Numbers of animal genotypes and allelic frequencies for the seven markers and the three types of cattle.

- Favorat:)le Breed ; Genotype Allele frequency
allele 0 1 2 p q

Brown 62 19 30 13 0.55 0.45

CASTI - Brindle 82 19 43 20 0.49 0.49
Black 30 8 15 7 0.52 0.48

Brown 62 34 25 3 0.75 0.25

CAST2 - Brindle 81 31 34 16 0.59 0.41
Black 30 0 13 17 0.22 0.78

Brown 62 5 57 0 0.54 0.46

CAST3 - Brindle 84 0 12 72 0.07 0.93
Black 30 4 26 0 0.57 0.43

Brown 62 18 28 16 0.52 0.48

CAPNI1-3 - Brindle 84 26 39 19 0.54 0.46
Black 30 7 17 6 0.52 0.48

Brown 62 33 25 4 0.73 0.27

CAPN1-4 - Brindle 83 56 26 1 0.83 0.17
Black 30 11 14 5 0.6 0.4

Brown 62 36 22 4 0.76 0.24

CAPNI-1 reco((jle= 0 Brindle 74 39 29 6 0.72 0.28
Black 30 23 7 0 0.88 0.12

Brown 62 2 19 41 0.18 0.82

CAPN1-2 reco((}le=2 Brindle 83 8 40 35 0.34 0.66
Black 30 5 11 14 0.35 0.65

YFavorable allele indicate to have significant effects on the tenderness score in cattle.
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Table 4. Table for analysis of molecular variance (AMOVA) in Hanwoo.

Source df SS MS Est. Var. %
Among Pops 2 29.225 14.613 0.162 10
Among Indiv 173 256.161 1.481 0.000 0
Within Indiv 176 266.000 1.511 1.511 90
Total 351 551.386 1.674 100
Table 5. Pairwise Fst analysis for two candidate genes (CAPN1-CAST) in Hanwoo.
Brindle Brown Black BL
0.000 Brindle
0.056 0.000 Brown
0.048 0.015 0.000 Black 001 BK
o}, 3k CASTSO] QoA B WS U A% H9o]  Aeka Fach Jeu, AR AARE $4H o7t 90
ojA= 22 0,54 9 0,572 B|Sg HIeE HY oL, 2 e 2 A4 telde BT Fig, 204 Holae
FHaol QlojA= 0,072 w9 W& RS HSir 59, 3} Zro] Al 59| kol SlofA F57F 84 Aol
U B9, Dbk Ul 9o GlojA] Almet A oF 10%E Ul AT, ARKE $4 Aol7t 9092 2 A
191 CAPNI-2 SNPO| ool QIEZHAIE M2 favorable &, A BEEDA 49, B2 L AF 59)0] fH20=

AR
9L, mAko] THE ofge] BEow

allele(CAPN1-2, G allele)?] 94218 ¥IEE v|w3t 2 o9 5AAS 7HA AL Q1A =

I} CAPNI-29] G allele> S gho7) 34 W Al & 7K 4= 9lg Zolth, Al 719 &5 47 shie] 552
9 Hr} 2474 0,16, 0.17 =2 Wleg Byt Al 719 o2 2 2stal, 57t {414 2JolE F-statistics(F) &
- F54F CAPNLT CASTH-AAHS] SNPE H|iL 243t =F& o] 83t &5 §-414 B4R F743I9itt. Table
23}, AeFHAaTE B3l CAPNI-29] G allele®] AL 5oflA] Hznje} 2o, Al 5t 544 Thef/d2 0,015-0,056
g RIE7E HA(0.66) E AFZ2-0.65) vl A4 gt o8 BAY Jro] 44 B3t deS & 4 AtkRyu
$(0.82)°] QoA L W7} 2 olf= THAY $159] et al., 2006).

SRSl Bk 7hsAdo] qlet, §3], gkl QloiA A CAPN1¥} CASTH-2AFS] 77 SNPAYHE o]-§-5fo], 3t
T AR ket vl dAgtke] Qlo] Hal Sl §- Al F57t A% (linkage disequilibrium) % UHj
JL(Kim et al,, 2008), 1982 gFp7EFo] A& o]¢ & AP (Haplotype) ZpolE A5G Fig, 10]|4] Hi=H}e}
WA Shgs SX1817] fIsto] 7ieko] Zldj]o] ghe Pol, F51 AWMERY 27 ¢ e & 4 At
A 1 Y] mabrh 24 vehal Slck(Park et al., 53], J24 3o 9lojAl= CAPNI-3, CAPN1-4 ¥
2013), CAPN1-10][A] - 733t A H S B2 T = 3l%le

CAPN1¥} CAST-H-3AFE] & 77119] SNP9| 7121 A}
£ o]83te] ghe- Al FE1F $-44 2to](Among Pops),
W HAIRE 344 2to](Among indiv) “LE|al A A
A 744 2to](Within Indiv)E 24 £-4HE4(Analysis
of Molecular Variance)S Z35}0] B35t} Table 49
A Bz Hiel ol AR AR R MR 5, AT

)

L.
¢

Tt AR o 10%E AAISHAL ISl E5W WAL
AR 0% 2 55 W AHARE 4 e A e

U, Al S-9-ollA= CAPNI-37} CAPN1-40f|4] AHES
o] PAE o] I, FAojAE CAPNI-3, CAPNI-4
18] 3 CAPN1-13} CAPN1-20]|A] Z+zt a2y do] &
‘dElo] USiTh 3 ujAE FRE AT EY, Aol
CAPN1-72L2] 471 SNPo] tjst dufA|go] 771 FA =]
ot A ghe- 9l A5 9o glojAl= 7t 67) 5709
dufA o] FA= L, olefet A= Fart e &
77 tpofAdo] thekslal, £3], Table 52| dendrogram®| A
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