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Genetic polymorphisms of adipocyte determination and differentiation factor 1 (ADD1) gene were screened
in Hanwoo and Jeju Black cattle-derived commercial (JBC-DC) populations. The ADD1 genotypes were
determined using the presence/absence of 84-bp fragment at intron 7 region. The association of ADD1
genotypes for economic traits was examined in both populations. In the Hanwoo steers, ADD1 D/-
carcasses showed significantly thicker backfat levels than those from WW (p<0.05). However, the thick-
est level of backfat appeared in WD heterozygotes, whereas thicker backfat did not appear in DD ho-
mozygotes in the JBC-DC population (p<0.05), leading to the supposition that synergic effects of alleles
W and D increase backfat deposition. On the other hand, there was no association between the ADD1
genotypes and intramuscular fat deposition measured as meat quality index and marbling score. From
these results, we concluded that the bovine ADD1 affected the backfat in subcutaneous tissue, rather
than intramuscular fat in muscle tissue. In addition, the DD animals showed higher levels of meat
color than those from W/ (p<0.05). Interestingly, a highly significant difference was found between
the genotypes and carcass weights only in the JBC-DC population, and D/~ animals were heavier by
more than 38 kg than those from WIW (p<0.001). The results of this study reveal faster growth rate
and differences in steer productivity according to genotypes of the ADD1 gene. These findings dem-
onstrate that ADD1 genotypes may effectively function as molecular genetic markers for the improve-
ment of Hanwoo and Jeju Black cattle-related crossbreeding systems.
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T)ol AdEol 4
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AFESo F22 54

el A e EZEYol A%
ANae gye AT AFTHATH B4R 2N B4R
AR MCIR, ASIP $348 9] 2210, 2, 23], 29 9%
#YE Y& A7 9 microsatellite, indel marker?] TF& 4 3}
HEAAY] £X Fo] AFHATHLL, 12]. ¥, A9 A5
971 1990 ol Aol S4E Fwol, 15 EA43
2 A S4L Y% ATE %JTEM[lszo 29], 7} 7

APA NFS 93 AFASE A AFF AAo|t) FA

vzt 237] kel glo) M T8 %ﬂldé 4
3 5%, & A W ARFEH Aol & 5 Yk A
TAE TS HE 4R AL A Y, 849 24,
AR Y oo T U sAL FANE w¥LE
MAH A4, 35]. ©] & SHAREE §d& Z2Ashe T2
g FEE T AUE, FEAYSAA P B4l HFol HAU
1[6, 36], =552 @7l 7HE E dFE WAL o

o

Adipocye determination and differentiation factor-1 (ADDI)
A W7 M) & (preadipocyte) 7t A WA 2 35} 5 =
H4& zAse YA 14 T EZ([29, 41, 45], AFAT
Hol FAH = FAANA AR FE FAo
o g 7HA FAA EE S 2dse AAUAE A
Atk 53], ADDT Fd A= APAE £33t F4 2 42
< T Y3k peroxisome proliferator-activated receptor gamma 2
(PPARy2)SH EA #&stol 2% frefo TUE V1AM E
(muscle-derived mesenchymal stem cell, MDMSC)$| &3} 9]
#Foste 02 d#A Ao MDMSCY| ARAHE £3h=
=5 Yol Al 2 A ¥ (intramuscular fat)o] F4-& A3
7 a3 AR T 5 A2 7 “]. A2 T4 &
FZE0 Ud AdFRILAAM ADD1 FH A9 intron 791 A
84-bp 2719 A/Z2AH &AW o] (insertion/ deletion muta-
tion, indel)E L7389 3, Nanyang &5 €5EAFH 4
FEAT 5o BABA] A G oA B
< UEhITIL Baskgive].
2 ATdME AFE WM AFH =58 3 AXT
A AFE¢9 5o wEd AFS-L$s5T

rl

Ao =A¥ 43 ADDI 44 dd A9 FRAAE A
3t FF AFE T, AFES L AFES FHh o A
S F44 A F8E ¢ = 712AEE vHdstaA
TYstAth
TE U
SNE=
ATl o] &d AFZTH LT (Jeju Black cattle-de-

rived commercial population, JBC-DC)& A FEHAA = &
ANZAS TGS AGE FAZIANGHAA BT

AFES £29 §79 5ARAL Tawo}, ATFHL 5
A AFE W S 92 Ba 9 AAT AFE
9o @l 1A JH BT AE Solx FolA FHA
ANE B AFES FR97} RA 02 05T, A5
A H olF, AFFS Bo] RARAAL HF FuA 7
Ase A7 gaoz AR #44 VAR
MCIR $474% B5& AFEANE 220FUolA &
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H & =59 J&2 JBC-DCY = 6}/«1 719} 'rrA]-a} A7) oﬂ
Z3td, 23149 307 €4 AAES AAH L, =3 F4
EEAYIILAM AN F %‘ A Ao A =2 AAH
AA, A4 AAIA MCIR FAAE e AAETHE AE
ate] o] &3¢tk [BC-DCY &4 BT AM S-S M A sho]
FAAY BE5 SFAEA o] &35kt

9] DNAE AFSEAAE 405434
AA PR el A B 35<l genomic DNA

= &Lt ol%fs}ai o, &9 JE 2012¢ 79 5E 2014
5847t AFE U PR S T =5EH =540

TR A ANE ZHAEE o &35t JBC-DC &
AFE FAAT LN FRAAHAE Hal +318 ALA
S s genomic DNA ¥75 FFwot ALgstdtt ¢ =
=59 2 A DNA 2|+ Sambrook 5[33]9 ¥4

< Yotk 2A EATF 242 nudei 1y51s buf-
ferg o] &3t B33y, FZH] RNaseE A&l & phe-
nol-chloroform< ©] &3t £83}5th DNAE ethanol 34
M2 34313 TE bufferd] &313t%t FH1E DNA &9
< NanoDrop ND-1000 spectrophotometer (NanoDrop
Technologies, USA)E FHEE ST $ Axo/Am 1.8 ©1%
2l DNA $95< 50 ng/pl2 845t PCR $Z& 93 F
FO= o] &3t

EE2M4HS (polymerase chain reaction, PCR)
ADD1 A% 35S 9% PCR $%< 93 Huang 5
[16]° ]3] National Center for Biotechnology Information
(NCBI, http:/ /www.ncbi.nlm.nih.gov/) database ‘ol Ei
H accession no. GQ2022182] M &S thdo = st
bADD1_84del_F1 5-ACC GCT CTT CCA TCA ATG AC-3,
bADD1_84del R 5-TCC CTG ACC ACC CAA CIT AG-3".
Han %—[8]9] B AH2E primersS A3t PCR
2 10x5H-3-4FH, 20 mM dNTP, 22 200 mM primer,
0.5 units Tag DNA polymerase (TaKaRa, Japan)$} 50 ng ge-
nomic DNA §-jo] B#¢ "ol2sE 7bstal, PTC-200
(MJ Research, USA)E o] -&3tAth. +3 < DNAS ©d7te



WA 27]o] UTHA 58 3T &, UT 02-AF2E
(ADD1, 607C; MCIR, 68°C) 402-72C 50% 2 By cycle®
353] HHEEIH T PCR 5% 4HE2 agarose gel oA A7 Y
THOE g & FHAY B4 o] &

7O Z2H

ADD1 F+H A9 ﬂ A4 L Huang 5[16]9 W< W3}
of F3etA 1, FEH PCR AHE S 1.5% agarose gel 3ol Al
NSt 281-bp (W), 197-bp (D) Ed X4 ol &3t
WW, WD, DDE #5399tk MCIR #4439 #5& Han
S0 e w}%’}gﬂl, Alul®t Mspl AlFrE L2 Ads A
A& 25% agarose gel oA AAst] EY, EY, e R UAES
#=sdnh AFS A LS d9 JdoA ADDI o
AR Wl D, 428 WW, WD, DD9| £x9} RiE, f2
2 thFAd o] t¥ B7He CERVUS 3.0.7 program [17]% °] &

ol

kol ArEsih
EXEE S50 7Y 24
39 AFTSALRETY EAHHL FAEY}Y
ATALS B2 FEAA 44 479 Ake Jug
< 55 23 H T =AF (car-

cass welght CW), 54534 (meat quality index, MQI),
A% 77 (backfat thickness, BF), 54 @% % (eye muscle

area, EMA), ZWA %% (marbling score), 54 (meat color,
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A A (fat color, FC), 22 7} (texture index, TI) 522
P%S’x‘jr A71H SHAFTEATE SEATE S TAR WS
(35w, L, 2549, 2 154, 3 1+5%, 4 1++55;

), —;LLHX]%Eb ohAl 9B A (H A 1-3 1 9, MARB1) & 27
ARA 1/0= 1, 1 9/++E 27, MARB)Z 251 £7)
Ao ol &tk 2AHE AREA ZAA A AP FHA
¥ Ao Z3= SAS ver 801 program package/PC [34]¢]
General linear model (GLM) procedureg ©]&3te] 43} %
O BARAL Y=+ SNP+ e (971A, Y= 283, u =
AA B, SNP = SNP marker?] &3}, o= 4] 2213 o] &
L, AMSEHE s 7] wo] A ades 1eshA
&t B3t 2ol= Duncan’s multiple range test® fr

AAPE frofa A4 dAsiH.

A o 1
HFSPL8STY MFE SET0M ADD1 7Y
A oy

F-2.2 A8l MCIR #5993 44 JBC-DCS}
F AM S el A ADD1 32+ intron 7] 84-bp M H
o frioll met Byd e Uetds Wi dA Wet D, ol wt
2 37149 FAAZEWW, WD, DD)o| F Heto|A =5
A= 5 A} (Fig. 1).

Table 1& 3-8} JBC-DC F©e] ADDI
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Fig. 1. PCR amplification patterns for the insertion/deletion polymorphisms of an 84-bp fragment in the intron 7 of bovine ADD1
gene. Allele W and D showed 281-bp, 197-bp bands on the agarose gel, respectively. M is 1-kb DNA ladder plus.

Table 1. Genotype frequency and genetic diversity parameters at ADD1 gene in the Hanwoo and JBC-DC populations

) Genotype No. of Allele X Diversity parameter
Population . -
WW WD DD animals 4% D (HWE) Ho He PIC
JBC-DC 0.603 0.333 0.034 189 0.770 0.230 p>0.05 0.333 0.355 0.292
(114) (63) (6)
Hanwoo 0.704 0.273 0.023 961 0.841 0.159 p>0.05 0.273 0.268 0.232

©77) (262 (22
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At AR MEE Uehd Aolnt. JBC-DC oA
ADDT 374e] W Hi @ dAe] HEs 077022 3¢ e
N5 084150 o w2 NIEE Yeplolth #2448 sol=
WW f 32 o] = HgdA 25
3, DD $84 %< WEE JBC-DC %JDPOM 0.034, &5
Aol A& 002302 2AE ] JBC-DC J Tl A dojd oz
o £ WES Yt P AaeA e @49 BC-
DC A9 §448 Exe BF p>005 |42 2 Hardy-
Weinberg B3-S Yetlilth. =3 3 AR FS Udetd=
PIC %o] JBC-DCOIA 0292, 9ol A 02322 FAFE ¢, B4
| F fddolM ADDI A 4 g2 2L £
ddds YetliAe & o2 #9EA

NIFZ &9 ZCe| THEEN ADDT 7HAL CHEMol &
F¢ =55 Aol A =A443k ADD1 41}
T4 Ao}, 2Abd BE 2EF 3
TP A7 74 < i}

ot
-IF’

o] & YERY 3 (p<0.05),
LHZ]%]—E jT)JJ ;qauu leﬁ—)oﬂ i‘_‘:_
WA % kT (p>0.05).

SASTFAL B9 ADD1 £ AE DD FIHF A
oA WW B3-S HAEY SARFALTG ¥ 1.3 mm
O FAE 202 2AHAG Bt Fo4< Aol vE
WA gokou, WSl /RA S =A 5 (407.25:1.494 kg)&

DDSl A9 =AF(41350+8.289 kg)oll wls) H9lou,
WIVE] 54 T 7 (84.049+0.334 cm’)©] DDl 7§ A ¢ SA &
2 (82.955+1.852 cm’)ell HlE] B Ao wFol Hol
ADD1 DD #2424 8E& UYetl< HAEdA Y A5 F7}
T A 5 2HEAY 5T Sk o =AFY FUHL
ofye}, SATo] WAWRL MAE Bt o] Bo] 8o &4
F9 e oplste Ao® FAH.

UmA FES(EAT, 2

ﬂdﬂﬂl
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HFEEF
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Table 32 JBC-DC =482 3} ADDI

MBslET0| THEIY ADDT REK CHINO)

$374 a4

Table 2. Association between different genotypes of ADDI gene and carcass traits in Hanwoo population

Trait Overall ADDI genotype P-value Signiﬁcance1
mean WIW (n=667) WD (n=262) DD (n=22)
CW (kg) 407.408  404.25+1.494 411.29+2.402 413.50+8.289 0.7585 ns.
MOQI 3.665 3.698+0.038 3.595+0.061 3.454+0.211 0.2152 ns.
BF (mm) 13.210 13.03£0.166 13.59+0.267* 14.3240.921° 0.0381 *
EMA (cm®) 84142  84.049+0.334 84.481+0.537 82.955+1.852 0.6416 ns.
MARB1 5.822 5.888+0.077 5.698+0.124 5.273+0.4278 0.1863 ns.
MARB2 16393  16.589+0.232 16.027+0.372 14.727+1.285 0.1865 ns.
MC 4.854 4.855+0.015 4.844+0.024 4.955+0.084 0.4457 ns.
FC 2983 2.984+0.006 2.981+0.010 3.000+0.035 0.8655 ns.
TI 1.165 1.158+0.014 1.179+0.023 1.227+0.079 0.5371 ns.
LS Mean + SE values in the same row with different letters are significantly different at 5% (*) significance thresholds.

n.s. indicates not significant.

Table 3. Association between different genotypes of ADD1 gene and carcass traits in JBC-DC population

Overall

ADD1 genotype

Trait P-value Significancel
mean WW (n=114) WD (n=63) D (n=6)
CW (kg) 389.21 373.47+4.551" 413.29+6123° 412.33+14.029°  2.861x10” i
MQI 3.293 3.368+0.087 3.270+0.117 3.750+0.269 0.261 n.s.
BF (mm) 15.101 14.123+0.515" 17.079+0.693° 14.000+1.589" 0.003 *
EMA (cm?) 80.360 79.193+0.786 82.000+1.058 82.833+2.424 0.062 n.s.
MARB1 5222 5.272+0.169 5.000+0.228 5.917+0.522 0.248 n.s.
MARB2 14593 14.693+0.511 14.016+0.688 16.667+1.575 0.292 n.s.
MC 4.899 4.877+0.037" 4.873+0.050" 5.250+0.115" 0.008 *
FC 3.032 3.035+0.017 3.032+0.022 3.000+0.051 0.807 n.s.
TI 1129 1.272+0.041 1.238+0.055 1.083+0.125 0.350 n.s.

LS Mean + SE values in the same row with different letters are significantly different at 5% (*) and 0.1% (**) significance thresholds,

respectively.

n.s. indicates not significant.
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A MEe FH§E intron 7914 84-bp indel THE A ol k=
Mol M &5 ADDI A2 AA A el A opr]=4ke] Mot
£ W7 &AW o] (frame-shift mutation)$} 22 @2 ¢33}
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55 Yehlr| = 325, 28, 37]. ol S S, $iA SPPI intron
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