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ABSTRACT

KIT encodes a mast/stem cell growth factor receptor and is known as a possible candidate gene
responsible for dominant white coat color in mammals. To investigate the genetic variation of KIT gene in
Korean wild boars(Sus scrofa coreanus), we carried out PCR-RFLP and DNA sequencing for three
exons(exons 17, 19, and 20) and intron 19 of the KIT gene in Korean wild boars. PCR-RFLP results
using NIaIll restriction enzyme in the breakpoint region between exon 17 and intron 17 and Acil
restriction enzyme in exon 19 indicate that Korean wild boars did not have previously identified white
coat color related splicing mutation and missense mutation, respectively. These results also indicate matings
between Korean wild boars could not give white coat color offsprings. We also found new SNPs in exons
19(C2661T) and 20(A2760G). Of these, the SNP in exon 20 is a missense mutation which might induce
the change of amino acid iso-leucine to valine. However, no relationship was identified with this missense
mutation and coat color. In this study, breed specific new SNPs were identified in exons 19, 20 and
intron 19 and these results will give important information for genetic variation of porcine KIT gene.
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I. M 2 U &5 JAEEs THEsE ESERES
bl HE Ee dnog ASEHI e
obulEl | (Sus scrofa)s= oFAlobel i, B Aotk H HlEA FAA digk A=

ol |7} o] Az 27 o}Fo] B¥a= A oY I AH L 9 FAo) oYL A}
o2 A YtiHerre9t Rohrs, 1977). $-2] 38t o5 7I5EFe 543 Hlasie] g4
Ugle] 2¥3R= wlex)i= sl o}F S scrofa AES A% 7S whdEshy] fd Were

coreanus® EFE L Qlom, tiiio] ool  ATEaL vk HEFL AGER AMAshs s

Corresponding author : Sang-Hyun Han, National Institute of Subtropical Agriculture, R.D.A., Jeju 690-150,
Republic of Korea
Tel : 064-754-5734, Fax : 064-754-5713, E-mail : hanshO4@rda.go.kr

-1 -



Cho et al. ; Novel Mutation of KIT Gene in Pigs

Z(subspecies) &2 H-E] HHAH o7 AZEAS
Aolet= 7Hdel gt SRR EE SAE0]
olef] 2] el digh A ThSE A Apset
o] HluE &3 AAE7IE s}l th(Watanobe
= 1999; Giuffra ', 2000; Kijas =, 2001).
FHEEEA EALE T 7EA] M (eumelanin
3} phagomelanin)®] oAl 3} B3Eof o3
oge] 7H4 AP vehin, dutdow =
A e MCIR fr3dzke] /93t B+= Agouti

=
(Jackson, 1993; Evert -, 2000). X+
of #E HZo| Ao wmEW Wi
A s =Y, A3 SRR
KIT 42 a19ko]&-Fnfo] 2] 2 (feline sarcoma
virus) -1 2k2]  homologue®]™, X-f-F<]
FA A A proto-oncogene &2 E=A] 54 tyrosine
kinase?] &< mast/stem cell growth factor
receptors 5.3} sh= 2o R Ha1¥ATHJohans-
son ‘&, 1996; Marklund 5, 1998; Pielberg -s,
2002). HZ= mousedl ] KIT 84 7]59]
93] 4 © (Geissler 5 1988; Chabot &, 1988),
o] F QIZH &, & 5 AP ERFEEANA AT
o] fxxke] Eddol(mutation)o] <8
A WmA s wA wol v 5 A ol
(pigmentation disorder)E Z | &tvta e AL
A UH(Fleischman 5, 1991; Herbst 5, 1992;
Reinsch 5, 1999). # ] KIT 2= 8 A
Aol ez stEo] glow 21719] exono & o] F
o121 JrH(Marklund -5, 1998; Giuffra 5, 2002).
A7k HA2 o] B gdAgy} Ao} 7 7}
Al KIT tig1Atg o] BarxlaL, o5 5 exon
17-intron 17 ZAAF-$lelA 2] &< o]= splicing
mutationS FESFAL KIT f4AF] ol $]3]
3k LINE element9] 352 A Z¢H(homologous
recombination)e] A3z FAH AMdo FTH
(duplication)- alternative splicingS- £3l = %] 2]
AA Ee F4AHQ ¥R Zdo] ¥l A

o7 gel¥¢lthJohansson 5, 1996; Giuffra =,
2002; Pielberg &, 2002; A 5, 2004).
Hool oM Fhbco] MAshs op wis)

AE BPoR AFHAFSS TRIE Fo
S B F Sl WA B AYH ©
L Sk KT FaAe F74 Wl

A3k
0. e ¥ o
1. AlE2 3 DNA F&

Aol o] &3 A FFoERE WY FF
Landrace®} Large White, =21353-21 Hampshire
9} Berkshire2 thato = 7} % & 20 FHS
o] &3 aL, A= ol T E-Hd A E
7 ol g Yo A 4oL} DNAE AlF
whol ofAlHlE]#] 30 FE o]&3}3ith DNA F
=& AN FEF Aot AN
AW 2, B AR Sell FESISIT
JoN o2 HE genomic DNAS] FE2 Wizard
Genomic DNA Purification Kit(Promega, USA)S
o]-g3st3lomn, A oA DNA FE2 sucrose-
proteinase K ' H(Birren 5, 1997)2 ¥4 W
&lo] ek ar, ikl 49 DNA F%& Chelex
100 resin(Bio-Rad, USA)S o]-&3lqit). F=3
X DNAE RNase(Sigma, USA)S A3t &
phenol-chloroform =} ethanol o= th
Al #]43kal TE bufferell 8-33te] PCR T%-&
e FP o= o] &3tk

2. HX| KIT F8X 5F

7€ BRay #HA] KIT 32k 471449
(Genbank accession number : AJ223228-AJ223231)
S o]&3lo] exon 17-intron 17 73 Aol A <]
splicing mutation®} exon 19-exon 20 <3 <ol A
o] F14 ol FAslr] fIske] primers Al
Zhakelet. A8 primere] A7IME vt
2l K17FY} K17R(G-gTA TTC ACA gAg
ACT Tgg Cgg C-3, 5-AAA CCT gCA Agg AAA
ATC CTT CAC gg-3), K1920F$} K1920R(5-CCC
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ggA ATg CCA gTT gAT TC-3, 5-CCg CAT
CCC AgC AAg TCT TC-3). PCR ZZ-2 10xy}
5 &%, 20 mM dNTP, Z+Z} 200 mM primer,
1.5 units Taq DNA polymerase(TaKaRa, Japan)oll
At gk ol 2E Hrksto] 25 SFo R W
Ssholch dol, I, LSoll A &3¢ 10-100
ng, AAARANME 1-2 ng, 1 7o BEozh
Bl %% DNA A& PCR F3Oo2 o] &3}
Sl PCR &% PTC-200(MJ Research, USA)
S o] g3te] 43519931, PCR HFS-2 947 ol A
4:+7F pre-denaturationS A A|EFAL 94Tl A 30
i, 64TOlA 45%, 72TColA 18 F 40 3
WHE ek 5 72°ColA 1081 HE Al st
o] 4co AFsAY. FF AHELS ethidium
bromide(EtBr)7} $H+-¥ 1.5% agarose 2 “Joll A
A7195% &, uvatell A g1t

i

fi

3. §H™Xt cloning@t DNA H7|MY HH

TR A e A7IME 2RSS
skl DNA sequencingS 5=33&F3ith A% PCR
2HE-& TOPO TA Cloning Kit(Invitrogen, USA)

o= AFJS F, Wizard Plus SV Minipreps
(Promega, USA) 2. plasmid DNAS F+=3}3it)
5% plasmid DNAS F3 2= dye-termination
W8-S 585193 MegaBase 1000 (Amersham
Pamacia, Sweden)2 ©]&3lo] AVIMES A
Aottt 2449 71D 7]Eo Bad
MAES 7]F 22 exon-intron FAIE F2I5H3
31, CLUSTAL W(Thompson 5, 1994) program
o® A7 ES T ARl E &
lstalth. 2k 4de] dol} exondt intron
o AAFEE 7]E Higl 17HGenBank
accession number: U63834)1} = =|e] A4 <E(AJ223228-
AJ223231) S 7o 2 A4Sl

4. RFLP £4

A7IGEA ARE o] g3t 7wo] o
Aof] thall 2FF<] AZFAA(NIall, Aci1)E A
Aste] Al Al Algdas g2 Ax
A AHAME wgkow HA Lo A overnight
whgato] Adsilar, Ad el FR1e 10%

T 15% ZgjolaHopulol= Al AldA 77

Table 1. Comparison of the polymorphic sequences of porcine KIT exon 17, exon 20, and

intron 19 in pig breeds

No. of nucleotide sequence®

Exon 19 Intron 19 Exon 20

Breed 2 2 2

6 6 1122223333346 7

6 7 222564537891239871 6

1 8 4569608346958070324 0

Landracel AGC GTG AGCGAACTCACCAGATCAG CAT
Large White e e e e e e e e e e e e e e e e e e e
Landrace2 @ ... ... . . . . .G . . . .. ...
KWB1 ... .C. T..A.._.CTG GA. . ...
KWB2 ... .C. .. .A_.___CTG SA L L L L.

KWB3 ... .C. .. .A_.__CTG._.GA. . ...

KwB4 ..T .C. .AAA. . T..GAA. .GGT.A .G.
Berkshire T .C. .AAAL. . T..GAA. . .GT.A

Hampshire ... -C. - - -G. .. .GA. .. .G.CG.

mRNA AGC GTG CAT

Landracel S Vv |

KWB4 S A Y

Underlined sequences are located on the recognition sites of Aci I restriction enzyme.
#: the number of nucleotide positions for exons 19 and 20 was identical with the porcine KIT mRNA sequence

AJ223228.
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FEe ¥ EBrE FAste] uvstelA g<lst 3 HlEfA]= CIC = Ko Marklund 5(1998)°]
Z| K I}

At ae} AX% ARE Bo] a1 ITHFig. 2).
m. Za E‘cl Nk, M P KWB BS HS LR LW
~—
B _ A
THFA A BEe] FFAY 32 NwiwleimiE
Gk Aow Sel KT FA49) 04 N b b b b b b b
HolE ghitizo] M Ash= BlAE HE
A EESo| A 131}, Marklund S(1998)- Fig. 2. AciI -RFLP patterns for exons 19, 20
Landraces} Large White Eojlx] ©-xjwlalo] and intron 19 in porcine KIT gene.

Abbreviations are given in the legend
of Fig. 1. An arrow for 280-bp band
indicates the fragments produced by

Zdo #3k BAA4 ZAE exon 17-intron 179
2] splicing mutation®} exon 19 C2678T T+l

7] e](single nucleotide polymorphism; SNP) restriction digestion for the PCR pro-
2 BRusigh ducts containing the genotype 2678T/-
M ZFel Folahs Aow A F at exon 19. P, PCR product; KWB,
7HA SNPE TellA WA Edwolel o) KIT Korean wild boar; BS, Berkshire; HS,

Hampshire; LR, Landrace; LW, Large
White. M is 100-bp DNA ladder plus.

m
('D
><
O
:

A 9] splicing mutations Uo7
17-intron 17¢] ZAFEL] gk o}

o_>|:
mlo
_1

g—,
.E
;U
T,
%r&

SFTh frdate] FEabEe] g N w52 kel A exon 19¢] 2678Tell &t
S e Ay 7 o Eede]l #EESl = 280-bp Aulo] BEEA et S 54
tHFig. 1). 719 A5 B8 Ry wAEs S5 w93 Aoy, Ar7dE W= Al
—Eo0]#9] RFLP 3= type B)o| Landrace Al 1*—‘1%%%@‘: TEEE 28 A7Ho)
9} Large WhiteolA] Eo]do g #zd whd 7} A5S RT3 9tk DNA G714 E &4
)

Sk oAl ElEixE xEE A FFE Al AFEA Aci 1o JIAF-9fol st
(Berkshire, Hampshire)oll A= 13 ##Ex] & & M2 A7|W0|5(A276G, C289A)°] intron

Qkt}. 1904 EAFTE Intron 199 276G =AY
Type A Type B ESET WA F3 Fds FAES
Ml KWB BS HS LR LW M2 3 MAZES PR T 3hte] markers}

[

e e b ey e ] e s e

g oz Atgdn. ¢, B AoA THd
haplotype KWB4+ intron 1994 289 A ¢17]
7} C— A= transversion® AL SAEZE3}
Fig. 1. Nlalll-RFLP analysis for the splicing e, e>for_1 _2001]}\1 ATt B7IAE el
mutation on the breakpoint between A2760G7} Zstel SA5E B sl A A
exon 17 and intron 17 in porcine KIT =4 H& Al &<l haplotype MEE2He
gene. KWB, Korean wild boar; BS, #tol& HSIth A2760G+= o} =4t iso-leucine
Berkshire; HS, Hampshire; LR, Lan- valineo.2 X3xZ 4 Yok AA7A 8+
drace; LW, Large White. M1 is 50-bp o AAFt= ofA =lgx]e] mAlo] HAl
DNA step ladder and MZ is 25-bp W oL} WAl WA w So] WMilEx] o=
DNA step ladder, respectively. o2 1=0] exon 20¢] SNP A2760G7} ML
HA oA MAZ A} AvkE E Sbe] SNP W AAoR AEHA P ZloR
Q1 exon 199] C2678T+ AciI-RFLP #4102  molxuk oA ol@dxgtomnwt #zy]7)
Slskalt. 2678TS YERUl= 280-bp AL wiitell Ak e] RESh KIT fdapel] o3t
WAYEFAA TT S@3E UA SAEFE 24 5 Wask MYs

.Ié >>LJ=rE rulo
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A= FF AFA] AL o] Folxof &
= Zo|t} o]9lo| % exon 1994 SNP(C2661T)
7} Berkshire$} =2 KWB4 A GollA 712
AERNO ofn| it A Ee] WshE gely]
A] gkt

Table 2:= 7+ 7} PCR-RFLP &A1 4¥&
gste] 71Eo] Bad FHAE I 3 ‘)rEP
W Zlolth MiAlS vEhE AR 1=
Landrace®} Large Whiteol X =57 AT
B2, A vpgke] WA wr Ao R Wy
FE9 Hampshire(IBe)b EoAFea EA sk
RFLP ZA¥vlo 2= SAE329] Berkshire2} T+
R e Y g ga“oé‘ 4391 i = Berkshire
o] BE JAA Edstlorn, E4dQ of
b P R o P e R L AR e e KR o
ARl ioll e WERaL At

EARe BEAREE ddfdxte] Td o
ol whek A4 7] Boe oY 7R fAdat
o] #pgo o] HFAoR 63*351% Zo R
delx] Aok AF7HA A KIT F324e] §
o] Rl =5 57] exon @A 8 7HA]
SNP7F QlaL, o] 5 27FA] SNP= ofmfi=ik A
o] WE ZYste Wolglon, ¥ Azl
2 exon 199} exon 200014 AlgF v F AL
=AE Flskdth. S FF<Q1 Berkshireo}
Hampshireol] t]gk Nlall-RFLP A=}= splicing
mutationel] th3k A 5(2004)2] Hae} UX|s)
231, exon 19914 2678T/- AA] 2HAHA] &k

o1n

smc G EAREREY =9
LERA™, MCIR HOWOM A Zdo]
sk AR ] FAlel WA FFo A st
+ frame-shift mutation SGA| TAEZA] LSS
Zetshi, KIT %A} exon 17-intron 17 73 Aol
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Table 2. Genotypes combining two different RFLP analyses and SNP frequencies for the KIT

gene in pig breeds

NlaIIl-RFLP Aci I -RFLP

Breed Coat color Genotype® Ex%r;:;;iggirﬁpﬂ %%gsleg AZ?GGIntron 13:289A

type A type B TT GG AA GG CC CA AA
Landrace white I 20 20 0 20 0 20 0 O
Large White white I/l 20 20 0 20 0 20 0 0
Hampshire  black/white belt 1%/1% 20 20 20 0 0 20
Berkshire black/white spots ifi 20 20 20 0 0 20
KwWB wild type ifi 30 30 30 6 14 0

# : was followed by Giuffra et al. (2002).

The number of nucleotide sequences is given in Table 1.
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G A ok B Ao bR A A4
skal ol opAHlsh A o] A ] glojA KIT
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