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ABSTRACT

Most cattle breeds have a coat color pattern that is characteristic for the breed. Korean cattle (Hanwoo)
has a coat color ranging from yellowish brown to dark brown including a red coat color. Variation in the
Hanwoo coat color is likely to be the effects of modified genes segregating within the Hanwoo breed.
MCIR encoded by the Extension (E) locus was almost fixed with recessive red e allele in the Hanwoo, but
other gene (s) might be affecting the variation of the Hanwoo coat color into yellowish to red brown. We
have analyzed a segregation of coat color in the F2 families generated from two Hanwoo bulls (yellowish
brown) mated to six F1 dams (black) derived from Hanwoo and Holstein crosses. Segregation of coat color
in the offspring found a ratio of 1 (yellowish brown) : 1 (black) and this ratio indicates that a single gene
may play a major role for the Hanwoo coat color. We further investigated SNPs in MCIR, ASIP and
TYRP1 loci to determine genetic cause of the Hanwoo coat color. Several polymorphisms within ASIP
intron 2 and TYRP1 exons were found but not conserved within the Hanwoo population. However, the
segregation of the MC1R e allele was completely associated with the Hanwoo coat color. Based on this
information, it is clear that the MCI1R e allele is mainly responsible for the yellowish red Hanwoo coat
color. Further study is warrant to identify possible genetic interaction between MCI1R e allele and other
coat color related gene(s) for the variation of Hanwoo coat color from yellowish brown to dark brown.
(Key words : Hanwoo, Coat color, SNP, MCIR, ASIP, TYRP1)
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3 oy EfEEelA B ATt ol FoRle
H, ol @& F elA male] Aol wet
Eo|Holn tjekalA W E= wFolt} (Jackson,
1997).

5o wA

[¢] =1 il

b 9o mAoE vehbs old AgEe
A, He), 2 celm Agale) £ )
ol AozH, thFst ma

Aelli= MCIR, ASIP 2 TYRPL 5]
A SR AR el M A-E AT (Rieder
= 2001).

29] 18 AA Extension #-$Jo 91x]8h=
Melanocortin 1 receptor (MC1R)= melanocyte©l]
FA1351H, melanocyte stimulating hormone (MSH)
¥} adrenocorticotropin hormone (ACTH)7F2] A%
g oF wWahde] s Wt sqn.‘% 2}

3= sEE a2 2 dyd dr) o)y
gk MCIR r%2+= open reading frame (ORF)°ll
A 209684 7)ol st TA7IED)7T ¢
ZIENE A& b2} opn|:=AFE Leucineol]
A Proline 2 A3E = EAWol9), 31094
371¢] GY7I(E)7} deletion(e)Poll wat 15574
o] olmi=Ato] frameshift H& F FH =9
HolE 7ML = Ze® Hawol gl
(Klungland %, 1995). L& <13} Extension <
o= 370¢] thE+423 (E™: dominant, dominant
black; E": intermediate, recessive black; e:
recessive, red)o] A, o]E9] tH-FHAt
7} zgsto w6719 EYE®, EY E', E' E,
E%e, E'le, ele o HAAHS wHEo|dith o]
T Ao BAS Jhd gl A Ee (9F
0.05)%} ele (¢F 0.95)9] FAAHT e}z A
o= 9l Hr}(Lee 5, 2000; Sasazaki &,
2005).

A 4 13 AMA] Agouti Flel EA)
= Agouti S|gnaI|ng protein (ASIP) -2 A=
MCIR¥} A&2hg-& sro=x HAophdo] Wy
&g A Hrh S ASIPS] ko] Wol

2
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AW gdq ez MCIRe wHdoke =&
¥ Ao|th(Barsh, 1996). =, MCIRS G-
protein coupled receptor®] ¥+ FTFZMH MSH X

© ACTH®] Aol oJal] cAMP o] &4 5 A
AS ZA3A71A =o] tyrosinase] eumelanin
9 %“é% ST7HA HAANLE s Ao

™, Agouti THMAL MSH7} MC1Re| 2
= AL gAFgo =M tyrosinased] FA]S
BAaMZIA Ela 2 A3} pheomelaning o @
o] WA Ho HF2MAE vt=x oy
(Klungland ‘5, 1995; Cone &, 1996; Vage &,
1999).

Tyrosinase related protein 1 (TYRP1) A=
2 8H AAA S Brown 9] melanosomal
membrane T el Jx|ahe Aol HehdS
dote ggs Hidshy, Aod 4 A
oA eumelanin®] 3o HPITFL HXE A9
EAS dilution A|tHE Balx )

5, 2003). Zo] mAME A oA TYRPL
9] mRNA 28 o] 7HAFS d

ohd 3]ZAAe] wAlo] WHEQTIAL KIS
t} (Rieder 5, 2000)
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SAX|HY EHSJAMAL Primer A7 2 PCR

oA
I

il

del A mA B S vAE Fuf

s SE37] 93l MCIR 734} (GenBank
accession no. AF445642), ASIP % 2} (GenBank
accession no. X99691) % TYRP1 -#7Z*KHGenBank
accession no. NW_001495437)2] |7|HEES
o]-83}e] PCR primer o] A=t =1L (Fig.
1), °o]E°] 3t HEE Table 10 TAHo=
7148kl A=k primer 24 ©]-83)o] PTC-
200 thermocycler (MJ Research, Watertown, MA,

r Candidate Genes in Hanwoo

Z adar 72ColA 30%7Fe] cycles & 423
HhEEk Tk HEHow 72T 587 7149

3t DNA 5% A4S $53slqlt) (Table 1).
PCR =52 EF 1% agarose gelollA] 100mV
Akl Al 307e] W7 ES FE 1=

o},

=

PCR ZE429 97IMg
HA(SNP) 24

ol [e]
= B

MCI1R, ASIP, TYRP1 Sz}

PCR AF=E(20ul)2 PCR AA| kit(cat No. SGP
2101, Solgent, Korea)S T3 A#l¥ ¥ “ABI

3700 sequencer” (Applied Biosystems)oll 23l <
ZIqge] EAFEATE BAE A7IME A
“Sequencher 4.6”(Gene Codes, version 4.6, Ann
Arbor, M) X230 o3 2 F-HAREL] #

USA)°llAl h-Tag DNA polymerase kit(Solgent, F9¥ 7|4 <E % EE3F AjolE ¥3lE=d o
Korea)s ©]-83ke] PCR WHg-& 383l + &= Ach
A&l PCR 2712 template DNA 50 ng, primer
ZF 05uM¥, dNTP 7} 200uM, 10 X PCR 4. RNXId HITE =ZAlSH| €8t PCR-
buffer 25uL ~12]31 h-Tag DNA polymerase RFLP &4
25 UnitsE #7138k wrsol 25|12 o]-&3}3itch
PCR cycled ZHZx 95Co|A 158-7F ou)7d A7IME BAS E3 F0 ¥ SNPES
3k 5 95 CollA 20%, Z} annealing =54 20  PCR-RFLP A|2F2 $J3] New England Biolab
Exl.160bp Ex2.65bp Ex3. 177bp
I 1] Intl. 1315bp (] Int2.3422bp 1)
| I
SUTR A-248C }—1571' 3R
Ex1.954bp
— J |
SUTR C296°T %lndﬂ IUTR
Ex2.469bp Ex3.326bp Ex4.205bp Ex5. 180bp Ex6. 183bp Ex7.153bp  Ex8.294bp
SUTR 754101 755610 758831 Fa2528 Jelten 765227 768357 O0NIZ

T62545

Fig. 1. MC1R, ASIP and TYRP1 gene structures and SNP locations. The SNPs used for
genotyping in this study were marked with solid black arrows. The TYRP1 gene SNPs
discovered by sequence comparison were marked with white arrows.
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Table 1. MC1R, ASIP, TYRP1 primers and PCR conditions and restriction enzymes

Ampli- Pro- Anneal- No. Restric- Incubat-
Saer?]i acgeiz:?)inﬁo fied duct ing Primer (5° = 3’) of  tion ing
" Region size Temp. SNPs Enzyme Temp.
.. F; AACCTGCACTCCCCCATGTACTACT MspAl | __.
MCIR AF445642 '
Bxon 1155 88C o ACATTGTCCAACTGCTGCACCACGG Msp | o C
.. F, GCTTCCTCACTGCCTACAGC
X99691  Bxon 1 810 S8C o ocAGAACCTGGGTGTGTAT 0
NW 00150 . F; GCCAGGGTTGAGAATTGAAA
- Intron 1 846 58C 0
R; TGCAGACCTGGAGACAGAGA
ASIP XM_001250 F; CGGAAACACAAGACCATCCT
BClop9r BPXON 2 788 BT o 0 ACCAGGGAAGTCCTGTTA 0
NM 206843 IMroN 2 o . F GCACTGGACAGCATAGCAAA , TSRI 65C
~Exon3 R; TCAGCAGGTGGGGTTGAG Mse | 37C
.. F, GCTTTGAGGAATGGCGTGTGT
Bxon 2 242 80C o GGCGGCAGGTTCCACAG !
.. F; GCACAGAAGAAAAGAACCG
Bxon 3262 54T o GTGCCAGGTGAGAAATGCT !
AF445638 . F; GCTGCCAGGGAGTAAACCA .
EXON 4 250 BAC L T COCAGACT 1 BtsCl 50C
TYRP NW_001495437 Bon 5 208 sic i GTGTTCAAGACCCCATGTA Hoy188 | .
1 AF400250 R: GCAGCCCTGTTCATATCA Hha |
. F; CACAATTTGGCTCATCTAT
NM_174480 Bxon 6 196 S0C o p s crataecaTCTGAACAG .
.. F; GGCCTCCAGTTACCAACAT
Bxon 7188 S0C o CATAGTGGAAAGCTGTGGG !
.. F; CGAACAACGCCTACATTTA
Bxon 8 185 S0C o GACCACAGACTGGTTAGGA !
(NEB)oll A A|-¥3H= “NEB cutter 207 T2 73  FHE wWold FHA 43S vX = A4S
of o3 AgaiE Fed olfe] HIUn = o dEA B2 Al AF7F Holql
(http://tools.neb.com/NEBcutter2/index.php), A12t€  (Klungland 5, 2000). 53] Extension }$]<]

PCR-RFLPol| tjst F+A412<l ARE2 Table 1
o] 7178kt PCR-RFLPE: Alstase] A
kS =2 AF A 4X 7 o] Ake] wkS-S

3 Avkd dHes

1% TBE buffer’} el 2
2~3% agarose geloll A 100mV Z<gtellA4 30
o] d7|FEss T NE AEe] A

bty

o]

(€]

MCI1R-2 Agouti
el S 2
=

F-8hH=

919] ASIP frdzkel A
TS A=E o =24 eumelanin
S (AN pheomelanin(FH-SA4)] we <F
- AAFe|th (Klungland 5, 1995;
Cone 5, 1996; Vage 5, 1999). %3 Brown %}
$19] TYRP1 %A= melanosomal membraneo]]

A Ak

Ik}

m. Za 3
Aol S VA ole) Fufid
L

1=
% MCIR, ASIP ¥ TYRP1 A=

=
=

AR el AAe] Wepde el Aol
o oleld FRAAAEe] weel =l U
of VA= GGt o5 FAAe] AIPehe)
el et 2A1E glal 2 Aol Say

AT



Do et al. ; Investigation Coat Color Candidate Genes in Hanwoo

1. gt —Z2Etel wejEclolAe  2AXE) Q143H= Mspl (CCGG) AlRFEAR, w45 3
FMXES| PCR-RFLP 2! SNP £4 g Adt 2 AEF oA S Ad 35

Ao fFAAEe BF ele Fom WSO

FUAOE WA Ak AIE wel AR maAg AU Hold Yol 379

o]
£ e maol fidE FRskund, B A4de EYs FA¥ QAT ol
AFANE B Eavd wAYRE 24 G} YR wge) 112 vers
o o] o83t (Fig. 2). - TE9F & 21 MCIR A7t §h9-9] mdell Fo
AE) FUE 6FE WTeRA BT AR @ B8 nAn b Aew Amar (g
AL AW 65O FL FWSE Adson,  2). AT, @99 mA] BN Fpuow
JES E Th B9 FReh wulE Ao mAHe] e AL ohyldl the FHAEe]
24 opntele] F2 ALES AE & itk REHOR Pojshs oR weEh ulehy
F2 A&59] D/\HO 74%4/\11:1/], %71&10] Z7y7} MC1R o]g]o E&,J‘?j}?:ﬂ_ I HGAANESS %7].%4

vk 11e] WEE 7HHAL Bfojidtt ©

27 3
A9 o BAsqn,
L

QEP%H —ir 3l genomic DNAZ o] &3} MCIR¥} Ag=-8-8 Fal Ao wdd o
AP SAAES] MCIR, ASIP, TYRP1e] & Wz ASIP SAE BA3517] 98 F
037]7\1":‘ = —Eﬁ‘s}‘/’iﬂr. W) intron JY AF-Z ¥3Hsl= 370 exon H-

390l A E'fe (2F 0.05)9F ele (2F 0959 olA] primer HES AASIL, o] PCR
AAE W7} LEbG (Sasazaki %, 2005) PCR- 5% 3 97jAg BAS
RFLP S o] &3}e], MCIR A2l H$  exon FHo|A= DNA Ho|7} &
EPE'ES <1218k= MspAl (CV°Ge®G) E/ee o intron 999 % exon 3WollA] IEHIEF

— Y&y Yey Yey Yay Yey Yay
AN Ty g b N £ N

I P .-I FARL -rI 4 --I & I i -rI L d

1 6 1 3 12 6781
1-1 6-1 111 3-2 121 6781-2
Black Yellowish-red-brown

MCIRC296T EP/E* EP/E* EP/EY E'/E* EY/E* EY/E*
MC1R G310del Efe Ele Ele ele ele ele
ASIPint2 A-248C M A C C C M
ASIPint2 A-157T w w T T T w
TYRP] ex4 C77G S G Clg C s S
TYRP1 ex5 A71G R G Alg A R R
TYRP1 ex5 G88T K T Git G K K

Fig. 2. Family structure of Hanwoo crossed with Holstein, and genotypes of MCI1R, ASIP and
TYRP1 genes in F2 offspring.
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)

248HA Holx 9l P79 “A-248C" TU]
71thg /g 7 157HA "Hofxl “A-157T oA e
A7IHEAAE B & 5 ASdTh(Fig. 1). ©

FAAVGEAES Ao whE
o A FEElE ajolE Wl F2 oA A7)
A 7]k A o]

st . FFe VAA S

d

2

o

=
Z12]a, Brown FH9lol] EAjstH el mA
W] Fedsis TYRPL Aol AE 3719
Tl 7thE g 5o] exon FoolA WAE =
I, ©] % exon 4H 2] 77A GUA7|THHA(C
—G)7} exon 5 2] 88WHIA| w7 THH A (G
T)S ojn=2ke] WslrE ¢l synonymous SNP
o], exon 5HC] 71HA wAdA7I|TIEAS
G 97I7F A 2712 A= 32004 o
kS Glutamic Acid (GAA)SIA  Lysine (AAA) 2.
2 \}o]S== nonsynonymous SNPZ E1E0
ot AR e AT A F2 J
Aol A B e] whde] FE @S v
Al Hohe Ao VERgTh sARE AHd e A
w31 Glutamic Acid7} 971439
Lysineo.2 W= 32001 ofui=il WHol=
TYRPL whijg o] F-x¢} 3}8b2 dAel gk

in}

0] =

o)
A& A=

=
Z 5 gt Jow AEse], SAueln 2
Bauge) maold] de F 5 Ao
@ F7h8el A7} ool Aok & olth
2. NCBIol S cie EZol d7|Mn
Ul

h9-— SRl oA A E ghg-o
MCIR, ASIP ¥ TYRP1 SHAE9] d7Adx

NCBIol sAlE v FFolAe] ZF F4d4 4
ZIMEE o HluE FE ddd <
ZAFe - A3 MCIR¥} ASIPS] 74-9- exon -9
oA o o]l SNP7F I A ergkond,
TYRP12] 7% &l|o] 3= (GenBank accession no.
NW _001495437), &2E}<] (GenBank accession
no. AF445638) 2 3lo]E AEZ| (GenBank acces-
sion no. AF400250)2] Q7|MEES] HuE T
g F7HHoR 6719 "dddVIEAES d
WEASHA E AT} (exon2 “C361T”, exon3 “C55T”,
exon5 “Al111T”, exon6 “C142T”, exon7 “C130T”
2 exon8 “Al183G”) (Table 2).

o] Z TYRP1 exon 8%°] “A183G” w7
TS S — 2Bk el A o] gk
EAZNAE A tHEFAAE N v ¥, NCBI
o] Fojx= A7IMLol= G HHEFHAAE
o] sAE] A= AHE IR0 T F UUTh o
2§k pol= gh9-oF Aol H|:gh FlojE =g
FES AET F dE BARIAEE &89
7hset7lell ol& AT Bkl ol& fl&) g
$-9} &lo]E=9] 87] DNA AZoA TdH7]
@A Aol FaEd= A A g9
dlojx= FehfolA 2zt shte] tiyfdat
ol agE Blo] ofe}t FF W shAlel ket

o
AolE Rol= Aoz vrei itk

TYRP1z} ASIP

P

£37
=
-

B APs F8 wAE ASIPF TYRPL f-3d
Zpe] GdAr @ sl ghe-ob mAjo] Hls:
g o E=CA ow i HHFAAE REE

T
93l PCR-RFLP &4

Table 2. Sequence comparison of TYRP1 gene using NCBI database

Exon 2 Exon 3 Exon 4 Exon 5 Exon 5 Exon 5 Exon 6 Exon 7 Exon 8

F94S Al47A T262T K329X A334A F342Y D408D Y464Y S531IN
Hereford
(NW._001495437) TTC GCC ACC AAA GCG TIT GAC TAC AGT
Holstein (AF445638) TCC GCC ACC AAA GCG TAT GAT TAC  AAT
White Charolais
(AF400250) TTC GCY ACG RAA GCK TIT GAY TAT  AGT
Hanwoo TTC GCC ACS RAA GCK TIT GAC TAC  AAT
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Table 3. Genotypic frequencies of ASIP and TYRP1 gene polymorphisms in Hanwoo and

Hereford breeds

Gene  SNP location Breed I\Cl:(;tt;?af Genotypic frequency Allelic frequency
AA AT TT A T
IrI:\tfcl)lr:])Z A(|\;|127|)T Hanwoo 16 4 8 4 05 05
Hereford 18 9 5 4 0.64 0.36
AA AG GG A G
(I—(|;;‘) y71§38AI) Hanwoo 19 6 7 6 0.5 0.5
TYRP Hereford 44 26 16 2 0.77 0.23
exon5 TT TG GG T G
?HE: I-; Hanwoo 20 7 6 7 0.5 0.5
Hereford 44 4 14 26 0.25 0.75
T3 o] MARAS A -9} o= FF ol
ASIP 7 Atell A L intronic SNPE -9 A EAHolo] JIFE = 7 e AoR AR
18579} #loj2= 1652 DNA°|A PCR-RFLP U}
w40l 3 HAS W Msel (TTAA) AlFHa A RAIE ] FHSARl FEe i A
7F Aeld “ALsTT G978l 49 A FRb ZFEFE ekl Fash dytdidelA]
AR NETh S EEGA 06, F9ol W, obHE ThEA Uehbs 71 E37

A 052 YERTE A-248Co] ©rU 7T A
< Ske] “ALSTT” tigR A ddEdd
AE 7HAAL dvkar AFgE ST EA4E 53
a4 YT (Fig. 2). ASIP F-=Fe] “A-157T”
A7 E S EAe] Hsgk gh9-of F|of

=
FE A oA W=l AolE HolA| 92

3

TYRP19] coding SNPEC] g fx3
5 #9lsr] 93l exon 5HUS] “GTIA'E
Hpy188l1l (TCNNGA)¥} “G88T”+= Hhal (GCGC)
W Ze AFEAES o]8ste] PCR-RFLP
A& Fa3elth Exon 49] “CT7G"E 14)8h=

A|&E 2] BisCl (GGATG)S °l43 4= AL
o A7IMEEA AR vFo] exon 5W19]
T oadIvEd Y ddedds A 9l
71l A& sHA @Skt (Fig 2). A+
EAda e 7 odddrivddol R
059 tiHFAAE W=rF uehd vk, 8o
FE= “GT1IA7Y] - A dEF AR 0] 0.77,

o
“Ge8T"= G i dAFol 0759 MER U
et oled faAge] MEdv 924

B3 390 i) A3
AL o™ 7] 2] o] 3
7V atrstalat shaAe] m
AAEAS Ad Z2ERIAe] W s S8 v
T F23©e] DNAE ©]&3}o], MCIR, ASIP ¥
TYRPL FralA @ s} ohemd welokds A
w4 aglen, B g HudelA e ol
AR NES AR a4 SR o
A FRAAA el Al dadt

—717—



Do et al.

ARE AFSaA % MR f77el 7
9 F2AAE 2 359 AL BF efe
do yezen, AQLAS AU Hoju
G e Aol fadEe e
Qe dersigin BT A4 g

o] 112 Yy2theE 32 MCIR 9 f-#x7}

o] mAe] Fad JFE vA= A=
AFEEEE MCIR o]9]e] A J&es =
T U= ASIPSE TYRPL A& F2 3wt
A A7IMESe B4 A ols FdAkEol
- AR S G MAA @
Aoz Wbt AN TYRPL f-dAtol A
A% 329 (Glu329Lys) olv:=AF o=
TYRPL Wizl o] 9} 3hebs] Aol &
Z 7 v AoR AlRHo] Fe-fdels 2
dAupeke] EAdoelo] G@FE & 7 A=Al
B

Y, o
o it
i

vg F7H91 A7 o] Fol Aok

V. Ab A

o] =i 20068hdE FhE ISt ShEdT
AAAlel oJste] AFEHAL, FEASH )
0] 9 1721 “39-8 9P e-S WS 93
SARF 7AW e os] ArEAT oEv}
AgEREUT. =48 AL wS8elF
A5 A2eA BK21 ARe] AstES S8
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