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Carcass traits are the most economically important traits in Hanwoo (Korean cattle). Recently, the de-
velopment of the field of genomics has made it possible to identify DNA markers for the genetic eval-
uation of carcass and meat quality traits in beef cattle. The objective of this study was to assess the
genetic effects of single nucleotide polymorphism (SNP) markers related to carcass traits by field eval-
uations in a commercial Hanwoo population. We evaluated 15 SNP markers (TG g.371T>C, APM1
g.1454G>A, FABP4 g.2834C>G, FABP4 g.3533T>A, FABP4 g.3691G>A, SCD g.10153A>G, SCD g.10329T
>C, CPE g.601T>C, EDG1 g.166A>G, NPY g4271T>C, GPD1 g.2766C>T, PDE1B g.17122A>G, PDE1B
g.17507A>C, TNNT1 g.6650C>T, and RORC g.20152A>G) related to carcass traits in Hanwoo. Geno-
typing of these SNP markers was performed using PCR-RFLP analysis in Hanwoo steers (n = 1,536)
to evaluate their association with carcass traits. Seven SNPs, APM1 g.1454G>, FABP4 g.3691G>A, SCD
g.10153A>G, CPE g.601T>C, PDE1B g17122A>G, TNNT1 g.6650C>T, and RORC g.20152A>G, were
significantly associated with carcass traits such as marbling score (MS), backfat thickness (BF), muscu-
lus longissimus dorsi area (LDA), carcass weight (CW), meat grade (MG), meat color (MC), and ma-
turity score (MA). The results suggest that these SNPs may be used as DNA markers for the selection

of Hanwoo with higher meat quality.
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Table 1. SNP markers related to carcass traits in Hanwoo (Korean cattle)

SNP Gene Related trait Reference
TG . Cahyadi et al. (2012)[3]
g371T>C Thyroglobulin MS Shin and Chung (2007a)[14]
APMI1 . . Kwon et al. (2016)[10]
¢ 1454G>A Adiponectin LDA, BF Shin and Chung (2013)[18]
FABP4
3.2834C>G
FABPA Avilés et al. (2013)[1]
A533TSA Fatty acid binding protein 4, adipocyte MS, CW Lee et al. (2010)[11]
& Shin et al. (2012b)[17]
FABP4
g.3691G>A
SCD .
¢ 10153A>G Kim et al. (2017)[8]
Stearoyl-CoA desaturase MS, BF Avilés et al. (2013)[1]
ZC1€329T>C Cho et al. [4]
CPE . .
601T>C Carboxypeptidase E MS, BF Shin and Chung (2007b)[15]
NPY .
¢ 4271T>C Neuropeptide Y MS, DG Chung et al. (2011)[5]
EDGI Endothelial differentiation G-protein MS. BE Cahyadi et al. (2012)[3]
g.166A>G coupled receptor 1 ’ Chung et al. (2010)[5]
PDEIB
17122A>G i
& Phosphodiesterase 1B, TD, DG, CW  Shin et al. (2012a)[16]
PDE1B calmodulin-dependent
g.17507A>C
RORC Avilés et al. (2013)[1]
¢ 20152A5G RAR-related orphan receptor C MS, BF Barendse et al. (2007)[2]
GPD1 .
¢ 2766C5T Glycerol-3-phosphate dehydrogenase 1 MS, CW Kim et al. (2016)[9]
£§g€é>T Troponin T type 1 LDA, CW Shin (2010)[13]

CW: carcass weight, BF: backfat thickness, DG: dairy gain, LDA: musclulus longissinus dorsi area, MS: marbling score, TD: tenderness.
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o5 AT Aol e SNP FH ot 4 ¥4 8 I
=¥ Table 19 A AT, & AFolA = TG g371T>C,
APM1 g1454G>A, FABP4 g.2834C>G, FABP4 g.3533T>A,
FABP4 g3691G>A, SCD g10153A>G, SCD g.10329T>C, CPE
g.601T>C, EDGI g.166A>G, NPY g4271T>C, GPD1 g.2766C>
T, PDEIB g17122A>G, PDEI1B g.17507A>C, TNNT1 g.6650C
>T % RORC g20152A>G 5 % 157} BARAE o=
71 ANA AFS D A BalEd AA A A =
15367 W&t 2 EAFAE SNP genotypings F3 302
AW E7t @9 45 AdoA ol RAEA Y a8 =
A7) A8 A APe P

PCR-RFLP (restriction enzyme fragment length polymor-
phism) 7| & ©] &3} SNP markerE #4138} t}. Primer
3 software program (http://www.bioneer.co.kr/tools/)< ©]
§3to] Table 20 A A& primers A4 2 A3, PCR F
& T3 4 EAEA S DNA @< AEsdn. PCR
FEE AT &Y 242 genomic DNA ¢F 50 ngell F,
R-primer 7+ 10 pmols, dNTP 0.2 mM, Tap DNA polymerase
05 U (Solgent, Korea), 10X bufferg 713t ¥ 20 pl= &%
g & 7 FEAEY] 7] 9 annealing £5E alEjete] Hx
94°C A 5% 13], 94Tl A 30%, 55~64 Coll A 30%, 72°C o]
A 302~189 2702 30~353], viA %o 2 DTN 52
7kdstel PCR S&e= TR T SFu30 #4854

PCR-RFLP &

2 AR 7H7ﬂl%

Est 2XEXIQl SNP genotyping
1:1

A3 A 8] SNP genotypings 93l

PCR % AHE2 2% agarose geldl 271953t FZ ¥

28 BG4 FATAE 3208

Table 2. Primer sequence for PCR amplification of candidate genes

=9l Table 39 A4

SNP marker Primer sequences (5" - 3') Product size Annealing . Gen_B ank
(bp) temperature (C) accession no.

TG F-GGGGATGACTACGAGTATGACTG -
g.371T>C R-GTGAAAATCTTGTGGAGGCTGTA > »e AY615525
APM1 F-CGCTGTTGTAAGAGGCAAAGAT .
g.1454G>A R-TTGAATCAGTCGTCCTTACCCT 323 6Le DQI56LLY
FABP4 F-GCTGCTCTCATGGTTAAGATGG 591 55°C
§.2834C>G R-CCTTGACTTTCCTGTCATCTGG
FABP4 F-ACTGCTGCCTATAGCAAACCAT o
g.3533T>A R-TACGATGCTCTGTGGGGATAAT 5% 60¢ NC_007312
FABP4 F-ACCCCTATGATGCTATTCCACA 565 55
g.3691G>A R-ATACGGTTCACATTGAGAGGGA
SCD F-GATGAAACATTCCAGTCCTTGC 600 55
g.10153A>G R-GGAGAGGGGTCATAAAACAGGT AY24193
SCD F-TTATGACAAGACCATCAACCCC 363 55°C
£.10329T>C R-AGCAAGACTACCACCCAGATCA
CPE F-CCTTACTGTCTTCCCAAGTCCA .
g.601T>C R-GTCGTTCCTTCTACAAAGCTGC 450 5L AY970663
EDGI F-GTAAAGAAGCCACTCAGCCTCA
g.166A>G R-GTGGAATTCTCAAGACCACAGC 691 60 AC_000160
NPY F-CCCCAGGGTGATTCTAACATCT
g4271T>C R-GGTGAGTGAGGACATGGTCTIGT 713 %8 NC_007302
GPD1 F-CTCAGTTGGGGTAAAAGGCAC 699 6
g.2766C>T R-GAGTGATCCTGGCTTTGCTTC
PDEIB F-AGCAAAAGAAAGTCAAGGGAGG
g.17122A>G R-ACACATGGGAAGCAGGAAAATA 800 » NC_007303
PDEIB F-AGCAAAAGAAAGTCAAGGGAGG 800 55
g.17507A>C R-ACACATGGGAAGCAGGAAAATA
TNNT1 F-GGGTTATCTGGTCAAGGTGAGTT
g.6650C>T R-CTCTTCTCCCATGTGGTCGAT 255 » NC_007316
RORC F-CTCACCGAGGCCATTCAGTA 719 55 NC 007301

220152A>G

R-AGTACCTTTTGTGTTTTTAC




g AFELE A7 Aefste] DNA ¢S Adsty, 2%
agarose gelol 7] 953t PCR-RFLP £4& S8 3ttt
4ol gud 74 FAZA Y el direct sequencing #4&
ko] SNP FAAFE @714 de £43td 45E 73
3ttt Direct-sequencing ¥4 BAH PCR FZHAHE
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forward % reverse primerg 77 T tubedl EF3t1,
BigDye Ver. 3.1 sequencing kit (Applied Biosystems, USA)<
o] &3t ¥WFO R direct sequencing WH&S Y3 H .
PCR FZ A& ZR DNA Sequencing Clean-UP kit (ZYMO
RESEARCH, Irvine, CA, USA)< ©]4-3}¢] BigDye % primer

Table 3. Restriction enzyme and reaction temperature for PCR-RFLP analysis of SNP markers related to economic traits in Hanwoo

SNP Restriction Reaction temp. SNP marker
enzyme (C) genotype DNA fragment size (bp)
Mo T TT 72, 195, 278
TG g371T>C lc XTC 37°C TC 17, 72, 178, 195, 278
cC 17, 72, 178, 278
Pus 1 GG 105, 218
APMI g1454G>A | 55 GA 105, 218, 323
CC'CWGGG A 03
Hou188 I cC 3, 86, 131, 372
FABP4 g2834C>G T(’%l oA 37°C CG 3, 86, 98, 131, 274, 372
GG 3, 86, 98, 131, 274
b 1 TT 86, 469
FABP4 g3533T>A Gf”T AC 37°C TA 86, 469, 555
AA 555
Niall GG 31, 71, 463
FABP4 g3691G>A c AF‘;GV 37°C GA 31, 71, 230,233, 463
AA 31, 71, 230, 233
Neo I AA 284, 316
SCD g10153A>G ; 37°C AG 284, 316, 600
C'CATGG i ‘00
Aci . TT 53, 310
SCD g10329T>C C'CGC 37¢ TC 53, 310, 363
Beph I TT 143, 307
CPE g601T>C i 37°C TC 143, 307, 450
T'CATGA oo 150
AA 79, 612
EDGI g166A>G 5 ]\T/Igé (fvgé 12_3, 37°C AG 79, 612, 691
GG 691
Hin 1 TT 10, 295, 406
NPY g4271T>C ) , 37°C TC 10, 295, 406, 701
5-G v ANTC-3 e 10, 701
cC 61, 62, 74, 106, 396
GPD1 g2766C>T g,”gé f?éﬂg 37°C CT 61, 62, 74, 106, 396, 457
. - TT 62, 74, 106, 457
‘ GG 62, 130, 133, 475
PDEIB g17122A>G S,Aélzé l(BCSéB(I;) » 55°C AG 62, 130, 133, 263, 475
- - AA 62, 263, 475
Kpn 1 cC 231, 282, 287
PDEIB g17507A>C , ) 55°C AC 231, 282, 287, 518
5-T | CCGGA-3 N 282, 518
cC 117, 118
Bsp1286 I o !
TNNTI g.6650C>T , , 37°C CT 117, 118, 235
5-GDGCH | C-3 T 235
Hinf 1 GG 186, 211, 322
RORC g20152A>G 5.G | ANTC 37°C AG 186, 211, 322, 508

AA

211, 508
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& AAT tha 70% ethanol® A A3k sequencing ¥H&-&

AASGFHT. 1 2 10 ul formamideZ HH3&ES #EHS}
L, BCAA 223 WA 8 34 34 A& 71A ABI 31304
DNA analyzer (Applied Biosystems, USA)& ©] &3ta] €7
NE& B4ste 2 EAEAE SNP A8 & 243

B2 AN ERERQ| HEHY 24
A =

A Gy T BT £, 2t BAEAE 5
A4E SPstel 24 Auol 9 so-ana By oy

Moo R
ofN g

)

il

A F8Y SR 4 FAEA L SAS 9.2 Package/PCE
=

genotype &35 LERIIL: 7} &
ashe] frelgol vebd B4 5 daj e WA 4FAY
< Tt FRAAYE fFrode HAASA

Table 4. Frequencies of genotype and allele for the SNP markers (n=1,536)

DNA marker SNP genot;;zquemies = Allele He Fic X - te;t—value
TG g371T>C ;E Z;I;)Cg 5C3C3 222 7§8 0.545 0.447 2.57 0.276
APMI g1454G>A 266 SCE)/?) 122 6; 6 3? A 0.555 0.457 20.50 0.000
FABP4 ¢2834C>G 3C4C2 SC()((;) 1(;5(; 552 48;.8 0.608 0.531 0.92 0.628
FABP4 ¢.3533T>A 1T7.T3 4TgA4 g: 4; 1 5‘;9 0.615 0.539 0.17 0.915
FABP4 g.3691G>A 2)69 ;36/?) ?? 759 Zil 0.498 0.401 5.33 0.069
SCD g.10153A>G 1/?)A9 ;A;(; 3%(; 339 6;;.1 0.553 0.478 36.77 0.000
SCD g.10329T>C 4T2T3 5T7C7 gg 7$0 2(50 0.488 0.369 28.63 0.000
CPE g.601 T>C 2"1;T9 ;;C?) 1C7C8 51 6 4§ A 0.590 0.521 10.59 0.005
GPD1 g.2766C>T 2T2T6 5T9C1 1%% 55 1 459 0.566 0.503 24.87 0.000
EDGI g.166A>G :81; ;9(2 C;Z: 827 153 0.437 0.353 6.395 0.040
NPY g4271T>C 2T7T1 5T8C9 1C4C0 525 455 0.560 0.492 28.42 0.000
PDE1B g17122A>G ;5A6 ;?)(32 ZGZ 537 453 0.623 0.553 0.014 0.992
PDE1B g.17507A>C zflA?, 4A2C6 1C6C1 6? 6 35 A 0.622 0.541 5.817 0.054
TNNT1 g.6650C>T ;;CO 4C9T9 1T7T1 5§0 42T‘0 0.612 0.537 0.443 0.801
RORC g.20152A>G /22 3A9(; 5?3(; 225 755 0.549 0.455 0.325 0.849

He: heterozygosity, PIC: polymorphic information content.
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Hof oA Aol dFsHAoH, CCES 7H A S0l
CT S TT < 7k /WA Eoll Wlal fold oz =A vetyt
th. RORC g20152A>G #AE A 9] 3%, $A Ao e 2
WA EMS), 2AZFMA) 2 2 5TFMG)H 94 o
AAo] Y=HY otq SHHANGAE HHﬂZ]—JIZ]—D:]X-](LDA)
g EAFI fo4 dHgdol AdSHAT. SHANE 9 &
AsHolM CC¥ & 71 A0l CT 9 TT¥E 7K1 7HAl &
of el foldos w4 detstth AFDTAA 7 A
A A4 Ade ez Fo4 du4ol dFHdd =4
e & 479 ¥4 A4 Ads s 794 A
Aol AisH FAES v A3, APMI g1454G>A [10, 18],
FABP4 g3691G>A [17], SCD g.10153A>G [8], CPE g.601T>C
[15], PDEIB g17122A>G [16], TNNTI g.6650C>T [13] &
RORC g20152A>G [1, 2] #AEAEY 4§, 5L 4o
A ZAEA G ool S H AT, 53], FABP4 g3691G>
A, SCD g10153A>G, CPE g.601T>C, PDEIB g.17122A>G,
TNNTI g.6650C>T % RORC g20152A>G SNP 2 EF ¥
AR SWANE Fd3 2 daFo gl &
AH A, WA, TG ¢371T>C, FABP4 ¢.2834C>G, FABP4
g3533T>A GPD1 g2766C>T, EDGI g166A>G, NPY g4271T
>C 9 PDEIB g17507A>C SNP A &= ojHl A5 {97
Aol gl Ao BHHAT Lee 5(2014)[12]0] H 13
F¢ EAZE A EAEAY @A AF AT NA FABP4
g.3691G>A%} SCD g10153A>G EAEA & ZA g JM il
Aol ASHA ko, & AFMe F & }IXI
TEHOE TWALE 2 SHTFHY 9

[‘_8,

l‘

ol

Aoz FAHT o 2 Ao Aoy & ﬁﬂﬂﬁ?oﬂﬂ
AHEE A% A% O ARE 7685)S AxolA E3hd o
oo g5 o R BAE Aolx, B AFA AHEE
A% A5 A3 NAES e FES5FTFEAE A=
¢ AH(F 1536F)S ol &t £4€ AF2A HA i
MA Aee] F79F FRe) Zpolol] ot A3tef Aol AL
2 ARdd

2 AT7E 53 ¥ =AY 49 B4R @7 £ &
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M BF TEHOE A AV S e AR %*454
At 53], APMI g1454G>A BAEA 9 Aol £ AF
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o2 Az,
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Table 5. Association analysis between SNP markers and carcass traits in Hanwoo

SNP marker Carcass trait Least square means + SD of SNP genotypes p-value
GG GA AA
MS 5.987+0.086 5.884+0.072 557540191 0.137
MC 4.893+0.017" 4.948+0.014° 4.875+0.038" 0.023
Meat FC 2.994+0.004 3.007+0.003 3.000+0.009 0.105
quality MT 1.096+0.014 1.094+0.012 1.112+0.033 0.873
MA 2.048+0.012 2.0670.010 2.087+0.027 0.297
APMI MG 3.751+0.044 3.696+0.037 3.562+0.099 0.204
g.1454G>A - - -
BF 12.354+0.217 12.625+0.181 14.187+0.482 0.002
Meat EMA 89.210i0.484§ 91.287i0.4052b 92.275+1.076" 0.001
) CW 427.906+3.410 429.015+2.019 449 812+5 356" 0.0007
quantity MI 65.015£0.163" 65.089+0.137° 63.742+0.363" 0.002
QG 2.098+0.030° 2.078+0.025° 1.862+0.668" 0.006
GG GA AA
MS 6.018+0.067° 5.703+0.090° 5.688+0.253" 0.014
MC 4917+0.013 4.926+0.018 5.000£0.051 0.299
Meat FC 3.003+0.003 3.000+0.004 3.000+0.013 0.856
quality MT 1.086+0.011 1.1210.015 0.066+0.044 0.147
MA 2.051+0.009 2.081+0.012 2.044+0.036 0.150
FABP4 MG 3.764+0.035° 3.612+0.047" 3.577+0.132° 0.022
.3691G>A
BF 12.445+0.170 12.878+0.229 13.644+0.645 0.091
Meat EMA 9063720381 9025920514 91.822+1.422 0.563
) CW 427.566+1.895 432.677+2.552 447.355+7.160° 0.013
quantity MI 65.152+0.128" 64.710£0.173° 64.087+£0.485° 0.022
QG 2.099+0.024 2.019+0.032 2.022+0.091 0.125
AA AG GG
MS 5.626+0.135° 5.863+0.070™ 6.101+0.097° 0.013
MC 4.873+0.027° 4.946+0.014° 4.908+0.019™ 0.041
Meat FC 2.993+0.006 3.000£0.003 3.009+0.005 0.125
quality MT 1.145+0.023° 1.097+0.01°° 1.078+0.016° 0.039
MA 2.056+0.019 2.062+0.010 2.062+0.013 0.968
SCD MG 3.575+0.070° 3.684+0.037° 3.810+0.050° 0.019
g10153A>G
BF 13.221+0.344 12.561+0.180 12.503+0.247 0.188
Meat EMA 90.544+0.770 90.519+0.403 90.643+0.553 0.983
) CW 436.601+3.830 428.724+2.004 429.542+2.752 0.184
quantity MI 64.438+0.259 65.0360.135 65.069+0.186 0.095
QG 1.955+0.048 3.088+0.025 2.091+0.034 0.062
TT TC cC
MS 5.664+0.121° 5.886+0.066™ 6.170+0.122° 0.013
MC 4.949+0.024 4.930+0.013 4.875+0.024 0.079
Meat FC 3.010+0.006 3.001+0.003 2.994+0.006 0.221
quality MT 1.106+0.021 1.099+0.011 1.077£0.021 0.581
MA 2.045£0.017 2.062+0.009 2.072+0.017 0.537
CPE MG 3.593+0.063" 3.698+0.034° 3.839+0.064° 0.023
g.601T>C
BF 12.598+0.308 12.617+0.169 12.782+0.312 0.886
Meat EMA 89.015+0.687° 91.147+0.378" 90.155+0.694 0.020
) CW 433.822+3.430 430.529+1.887 425.176+3.466 0.197
quantity MI 64.695+0.232 65.040+0.128 64.936+0.235 0.430
QG 2.055+0.043 2.061+0.024 2.108+0.044 0.606
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SNP marker Carcass trait Least square means + SD of SNP genotypes p-value
AA AG GG
MS 6.123+0.101° 5.816+0.078" 5.660+0.133" 0.010
MC 4.916+0.020 4.922+0.016 4.918+0.027 0972
Meat FC 3.000+0.004 3.004+0.003 3.006+0.005 0.645
quality MT 1.072+0.017 1.103+0.013 1.113+0.023 0.278
MA 2.058+0.015 2.058+0.011 2.094+0.019 0.256
PDEIB MG 3.832+0.053" 3,650,040 3.578+0.070° 0.005
g17122A>G
BF 12.621+0.264 12.782+0.203 13.037+0.347 0.635
Meat EMA 91.407+0.583 i 89.918J_r0.448b 90.654+0.766 0.126
quantity CW 433.66142.922° 436.659+2.249 441.748+3.843° 0.002
MI 64.996+0.198 64.869+0.153 64.444+0.261 0.230
QG 2.069+0.037 2.049+0.028 2.012+0.049 0.659
cC CT TT
MS 6.154+0.097° 5.753+0.071° 5.743+0.154° 0.002
MC 4.911+0.019 4.919+0.014 4.983+0.031 0.131
Meat FC 2.993+0.005 3.007+0.003 3.000£0.008 0.098
quality MT 1.065+0.016 1.105+0.012 1.132+0.026 0.061
MA 2.049+0.014 2.064+0.010 2.090+0.022 0.288
INNTI MG 3.828+0,051° 3.639+0,037° 3.636+0.080° 0.008
g.6650C>T
BF 12.500£0.250 12758+0.184 12793+0.397 0.677
Meat EMA 90.065+0.550 90.558+0.405 91462+0.971 0.394
) CW 425.582+2.764 433.298+2.036 430.818+4.381 0.080
quantity MI 65.0910.187 64.808+0.138 64.963£0.297 0473
QG 2.065+0.035 2.050+0.025 2.099+0.055 0.716
AA AG GG
MS 5.725+0.237" 5.674+0.088" 5.998+0.073 0.016
MC 4.960+0.046 4913+0.017 4.929+0.014 0.562
Meat FC 3.000£0.011 3.000£0.004 3.0030.003 0.767
quality MT 1.156+0.042 1.116+0.015 1.083+0.013 0.101
MA 2.019+0.035° 2.089+0.013° 2.053+0.010° 0.042
RORC MG 3.607+0.124 3.593+0.046° 3.757+0.038 0.021
g20152A>G
BF 13.470+0.612 12.756+0.227 12.575+0.190 0.355
Meat EMA 93.980+1.348" 91.715+0.501° 89.64310.419E 0.0003
) CW 438.490+6.808 436.241+2.531° 426.839+2.116 0.009
quantity MI 64.684:0.426 64.890:0.171 64.959:1.143 0833
QG 2.039+0.087 2.054+0.032 2.070+0.027 0.897

MS, marbling score; MC, Meat color; FC, fat color; MT, Meat texture; MA, maturity score; MG, grade of Meat quality; BF, backfat
thickness; LDA, musclulus longissimus dorsi area; CW, carcass weight; MI, Meat quantity index; QG, grade of Meat quantity.
** Within a row, means with different superscript letter differ (p<0.05).
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