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ABSTRACT

Leptin, the product of the obese (ob) gene, is an adipocyte-derived hormone for the regulation of whole-
body energy storage and energy usage. It has been reported that the homozygous mutations in the gene for

leptin (LEP) induce obesity and reduce energy expenditure.

In cattle, LEP has significant roles directly or

indirectly related with phenotypes such as body weight and fat deposits, therefore SNPs of LEP have been

considered important genetic marker to estimate carcass fat content in cattle.

In this study, SNPs were

screened in LEP (2,222 bp) between intron 1 to 3-UTR from 24 independent Hanwoo (Korean cattle) by
PCR and DNA sequencing. Total 25 SNPs were found and two nonsynonymous SNPs including T1163A
(V19E) and G3256A (G132D) were newly detected only from Hanwoo. Among 20 SNPs previously

reported in cattle, 16 SNPs were found in Hanwoo; however,

the frequencies of some SNPs were

significantly different between Hanwoo and western cattle breeds. The other 4 SNPs were not detected
from Hanwoo. These Hanwoo specific SNP patterns in LEP will be used in development of molecular
marker and application to genetic improvement of Hanwoo.
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2S5 AF A positional cloning® el )3
EolElomn 32kb cDNAE 167709 ofu|x
ke dwslelal vl (zhang 5, 1994). A (Ji
5, 1998), <17k (Isse 5, 1995), 3 W =]|(GenBank
PTU96450), 11&zZ} (GenBank GGU72872), A

(Bidwell -5, 1997; Ramsay &, 1998), 7l (Iwase

First two authors contributed equally to this work.

Corresponding author : Young Bong Kim, Department of Animal Biotechnology,
+82-2-450-4208 E-mail : kimera@konkuk.ac.kr

143-701, Korea. Tel:

Konkuk University, Seoul

—295—



Lee et al. ; SNPs of Leptin Gene in Hanwoo

5, 2000), Lol (Sasaki 5, 2001)°lA] leptin
frazke]  97IE ARIE BHaxo] 9l

Leptin &l &% dlo|A] =33l 16 kDa
of dARA 9 <5, Efnt 2Ea 1 A
IAME A EEEAY, FE AEAE
(adipocytes)oll Al H-H]H = S2F0 2 A 50
e ol wet STV AAgtHAhima
¢} Flier, 2000). %5k AW olUA7} Aul= o
S7kstH, EFAIY A duA 4E =
ARJIAEM A 8-& AAet7] 98l AHs A
stal, 1 A7)E 2Eshe F8% 98-S 3§
A TH(Halass 5, 1995; Weigle 5, 1995; Hwa -&,
1997). A el A vivke] A} S W]
171 sl o &ef APgebRell Aol Skt
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AF A FriCampfield 5, 1995, Halaas
1995, Pelleymounter &, 1995; Fruhbeck
1998). 1 B2 H|FF {3zl ol oY
tiake] Ws), A AL 2 A EA T 2
WAZE glem, wwk 42k leptine] -
leptin®] ==l we} AR AlF o] 2d¥w
AA ] A3 AHe] JUAZA ] ALE A
7 gE Aow dEA rHHalaas 5, 1995;
Ahima$} Flier, 2000; ¢ 5, 2004)

FAF FopollA] olefg wAESHA T
AR F& A4 v ARE o

[t oft

EO

I oo off

e 2 o O gl

TPHRE w9 AL, ol w7 BAA
o9& A 4 e W Fo shteltt
Leptin -+##ke]  Shiell  91x|8k= BM1500

i

microsatellite WFA 9} A|&&ol ek JHdAE
ZAFeE Ay} 138/138 homozygous 2 % rib
fato] Hztx]o W3] °F 1.5% = YEld 3
B3kl 9Juh(Carolyn 5, 1998).

B oAM= 9 24FZHE|  genomic
DNAE FZ3lo] leptin F742] exon %
intron §-91= 313k 2,222 bpE PCRYESZ F
313001, 0|59 AVIMES AAste] 9
A= @Y 971 B A(single  nulcleotide
polymorphisms, SNPs)S 2H=3gic) W= o
d 7] A ARE EAEte] @ 5ol¥

9 @7] A 91T & Sold |l 4]

i

ARES FFE B9 HAA AT L FAS
o] i Sol Fad AuE AT Aol

1. 2A|= 2 genomic DNA £2|

Aol AR SAHES A7 b B
G Aol A FQ S RS
A, ZA AT 320kg ool =Rk 24F 25
B =4 A] g4 ACD g0 Eof9lE
VACUTAINER (BD medical, U.S.A)l A5
ml)S AF ke —207C9] Wsarel] Bl
DNeasy Blood & Tissue Kit(QIAGEN Co.,
USA)S o]-&ste] HdE=E5E genomic DNAE
=, BAsIen  aokstd thed
Microcentrifuge tubeol] & 200ulE w5+ g
<, 20ul2] protease (10 mg/m)<} 4 ul9] RNase
A (100 mg/ml)E F7}ste] 55ColAl 16A11F Hi
oFaFoitt Kitell 3 AL Buffer 200 ulE 9
a1 7PEA E5e 3, 56Tl 1043F wjeke
T, 99% ethanol 200 ulE o] &3 F, o] &
NS 2ml collection tube <Foll U= spin
columnell %7]3 8,000xg= 183+ AAE
3T} Spin columng A Z& tubeol 71 T
Kitell 33%H AW1 Buffer 500 ul& %3, 8,000
xg= 133 dAlEeE stk Spin columns
AN 2L tubedl] #71 F, AW2 Buffer 500 ul=
Yl 13,000 x goll A 3Tzt HAEEEE $
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microcentrifuge tubeoll Spin columns %71 %,
AE Buffer 200 uls Wal, 2-20A 183 s
3kal, o4& UhA] 8,000 x g2 137 AR
aF3ith &3 genomic DNALE A7|9%S 5
3] selsiglon], BR/1E olgdte} Beld
DNAY F%=E& 43 ¥, °o]Z PCRY o

o]-§-s} Tt
2. Primers Mzt 3! d7|ME AAH

319-2] genomic DNAZY-E] leptin 4 2}5
AR g F9lol EAleE 9 7] o
“J(SNPs) BHEZ H=3}7] 9lste], NCBIo| &
5o} Sl BTUS0365°] 9714 HHE o
g3t AEYl fx}e]ES]  Primer3  program
(http:/Aww-genome.wi.mit.edu/cgi-bin/primer/primer
3 www.cgi)S ©]83}o] leptin 54 A1) intron 1
AR exon 29} 3 1E]al o]E T exon Abo]9]
intron 2& S&AIA 4 %S primerss A%
3otk AFEE primerse] o3 QJr|HEe
Table 1%} 2t}

Genomic DNA 50ngS 3 ° fa g SHEA
A WHS(PCR) =71 95T 5
T 30%, 52C 13, 72C 3«5—{}4 bl
vk & 72°C 5%%ke] A1 wkgS
Atk 971 AE AR g ol&s= FI
DNA2] &=+ <°F 300ng2] PCR HES
o]g3kqlar, Wk =72 95T 5%t A
9T 10%, 50C 5%, 60°C 43730 W3- 25
3] wHESkelch W §- 95% ethanol 25ul, 3
M) sodium acetate 1uIE' “gsle] —207Col

SNPs of Leptin Gene in Hanwoo

%—‘ﬂ Wi, A 30u|4
70% ethanol U3l 13,000 x g2 4ColA 5E7
LA & ATE AAG 7] FelA A
ZA AT A% % 10pl9 HiDi Formamide®
olal, 95T 27t A& Uit & 34 skl
o}, olgA HAE Ahﬂ;‘;—% 96-well plateol] <
71 ABI 3100 ©37] M Fx|o] A=sle] A7)
Aae Ak

PN

3. Bt 7| of

0

M 2y

A7l M 24 AAl ol £4€ PCR <&
ZAHE2]  chromatogram AFEE linux  7]9HE]
Phred / Phrap / Consed  package (Ewing@}  Green,
1998; Ewing 5, 1998) Z 2 13& o] 83l 1
M1 AV RE EA18E1 AL, polyphred
(Nickerson &, 1997)& ©]-&3l] ol5 7|A <
AroA T 47] d@A o 9o dR
£ At o] T2 o]gsH 7]
M AR F 9 97 BP9 FHE 6
7 Aoz yehd, 67H4 Al 1 red, 2.
orange, 3. green, 4. dark blue, 5. magenta, 6.
purple® 1H2 2%l Bl3] 10¥] %2 7Fe <
ojujgich, o]y Fe RIS o] 83t
A Al dehde A ke 9d o
7] vgAE wAskelh =Rk =] AT &
64011 e 9l @7 vdEe ARk
BoATeke] frejd B vl 7] BgPdAd 11
FHIA S AT

Table 1. PCR primers for amplification of leptin gene in this study

Primers

Sequence (5'to 3')

Position in BTU50365

Leptin_Bo_F02
Leptin_Bo_R02
Leptin_Bo_F03
Leptin_Bo_R03
Leptin_Bo_F05
Leptin_Bo_R05

GACAGCAAATCTCGTTGTTATCC
CTGAGCTTATGGACCTCAGAAAA
CAGATACAACCCTCTGTGTTTTTG
TTTCTCTAGGAAATGCAGACACTG
GAGGAAGCACCTCTACGCTCTA
AGGAAGACTGCTGTGAAAATCC

966 - 988
1700 - 1722
1646 - 1669
2376 - 2399
2904 - 2925
3604 - 3625

BTU50365 : Bos taurus leptin (obese) gene, complete cds.
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m 2 % JOF

Leptin ¥4 adipocytesol| A #H]% = &
o adEA Zao AT, WA aL
AEA ol AR e AR

2a, o]yt BAW 7sS Hst
o] =AWl YA AFHE ZHsHA] Hato]
HIRES do7)= Y91Fe] = defAar 9l
Uh(Liefers &, 2005). = A7 - leptin
AApe] AXE-S direct sequencing ‘HOZ
SNPs 45 dAlste], 2579 SNPs& s}
Atk

1. Leptin SAXle] £2] Y Fx £4

Leptin frd2b= 4H G| 2] 49329] 21|
=28, 3712 exond} 2709] intronoZ A
o] Qlth o] leptin 2] F2E ZHeFSHAl
YeERN®A Fig. 17 th Exon 12 33 bpE ©]
Fojx Qo opmniks StuslelA] @
HIH -2 o] =™, exon 22FH °F 17kb
o Agell et Uk TS Qtssiel
I A= exon 29} exon 3 ZH7; 144bp 2 360
bpell slidst, 167709 ofn|=ito g F4F
ads okstela Sk o]F exon 2004
o}3 3lslE N-Zehe] 217)9] ofu| Ak signal
sequence=A] leptin Tl F o] FH]o] T
Rnem, 754 dTs zhe F9e vmA
146709 ojuj=2tow  FAEo]  dtH(Liefers
s, 2005). # AgelAE o] HdE=NEH
Ho 8uge] =% =2 genomic DNAS )3}
%tt. o]& genomic DNAS F3 o= 3o 3%
o] leptin -2k 5o]1# Q1 primer (Table 1)5&
o]-g3sto] PCRS % A3} ZF 72702 DNA
GHES 95 F AUtk o] IS5 contig
= A3 Axt 2,222 bpell FEEFI o™, Kon-
fortov 5-(1999)°] .13k 225F-2] oA I
SNP &4 of <ol sfatl(Fig. 1).

- 24 FEFE] A7 leptin FHAFe] A
719488 gl GAASEA phred/phrap/
onsed packageel 3 Ao Az
polyphyredE ©]-83Fe] SNP HHE AUt} =

™) Poproximatoly A (553"om

( Il |

_D D) LI T

: 2222 bp :
SNPs reported previously in cattle

wv A4 WYV VWYV VWYY
[ 1
L1

A*A QA AAA  AAA M AA m

SNPs in Hanwoo in this study

Fig. 1. Gene structure of bovine leptin gene
and the polymorphisms reported pre-
viously and in this study. Exon 1 is
located approximately 17 kb before
exon 2 and not translated. Location
numbers and gene structures refer
to Genbank access number U50365.
Previously reported SNPs are upper
arrows, and SNPs in this study are
lower arrows. The newly found
SNPs in this study are in askerisk.

2o A AlFE= SNP ARE fetow 7

Mgk B HEH o 25709 SNPsS sl

thFig. 1). A7 971D L olulatom W3

3k & wjwsk Ay, A4 (Capra  hircus)oH=

98%, SX|(Sus scrofa)}= 92%, IL%o|(Felis

catus)2}= 90%, 7H(Canis familiaris)2}= 88%,

Q1ZH(Homo sapiens)@hi= 84%, Z#MA|(Pan tro-

glodytes) b= 83%2] ofv|=it FEdE UER

ct.

b 3@ o

2. 8 Leptin
(SNPs) 244

TRl ot Ho(cty

A7IME AA 5 A% A leptin A}
9] intron 1 Y-, intron 2 ¥ 3-UTRelA 1671,
exon 29141 270, exon 34 770 5 & 2571¢]
SNPsS Waetgiomn ols 7|Ee] MY #F
oA W7i¥ SNPs¥} H|aldle] Table 20 e}
wglon, ofu|i=Ake] WslE f-=3H= nonsyno-
nymous SNPs2] 7% Table 3o YERHSITEH
Exon 204 2709] SNPso] =T,
T1163A+= Valine©| Glutamine .2 W3}sl= o}

Akl W3KHVI9E)E  fSk=  nonsyno-
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Table 2. Comparison of sequence variations between the cattle and Hanwoo in leptin gene.

SNP number and primer

for detection

Location in leptin gene
(position at U50365)

Variations in Korean cattle
(Hanwoo) in this study

Variations in cattle in
previous reports*

Sequence Frequency Sequence  Frequency
1 Leptin_Bo_02 Intron 1 (978) CiC - CIT 0.59/0.41
2 Leptin_Bo_02 Intron 1 (1001) GIG — G/C 0.59/0.41
3 Leptin_Bo_02 Intron 1 (1018) CIT 0.95/0.05 CIT 0.98/0.02
4 Leptin_Bo_02 Intron 1 (1064) T/G 0.94/0.06 TIT -
5 Leptin_Bo_02 Exon 2 (1163) T/IA 0.95/0.05 TIT -
6 Leptin_Bo_02 Exon 2 (1180) (oh) 0.83/0.17 CIT 0.59/0.41
7 Leptin_Bo_02 Intron 2 (1410) CIT 0.71/0.29 CIT 0.88/0.12
8 Leptin_Bo_02 Intron 2 (1412) CIA 0.94/0.06 CIA 0.95/0.05
9 Leptin_Bo_02 Intron 2 (1474) AIG 0.75/0.25 AIG 0.98/0.02
10 Leptin_Bo_02 Intron 2 (1518) GIC 0.86/0.13 GIC 0.95/0.05
11 Leptin_Bo_02 Intron 2 (1600) CiC - CIT 0.95/0.05
12 Leptin_Bo_02 Intron 2 (1619) TIT — TIC 0.95/0.05
13 Leptin_Bo_03 Intron 2 (1726) T/C 0.50/0.50 T/C 0.68/0.32
14 Leptin_Bo_03 Intron 2 (1734) T/IC 0.70/0.30 T/IC 0.61/0.39
15 Leptin_Bo_03 Intron 2 (1741) G/IA 0.96/0.04 G/IA 0.95/0.05
16 Leptin_Bo_03 Intron 2 (1838) AIG 0.93/0.07 G/IA 0.95/0.05
17 Leptin_Bo_03 Intron 2 (2059) TIC 0.71/0.29 CIT 0.75/0.25
18 Leptin_Bo_05 Exon 3 (3011) CIG 0.96/0.04 c/iC -
19 Leptin_Bo_05 Exon 3 (3100) CIT 0.71/0.29 CIT 0.93/0.07
20 Leptin_Bo_05 Exon 3 (3256) G/IA 0.82/0.13 GIG —
21 Leptin_Bo_05 Exon 3 (3257) (oh) 0.79/0.21 CIT 0.75/0.25
22 Leptin_Bo_05 Exon 3 (3260) TIC 0.71/0.29 TIC 0.68/0.32
23 Leptin_Bo_05 Exon 3 (3272) TIC 0.70/0.30 TIC 0.68/0.32
24 Leptin_Bo_05 Exon 3 (3356) CIT 0.70/0.30 CIT 0.68/0.32
25 Leptin_Bo_05 3-UTR (3468) G/IA 0.76/0.24 GIG —
26 Leptin_Bo_05 3-UTR (3496) TIC 0.68/0.32 TT -
27 Leptin_Bo_05 3-UTR (3521) G/IA 0.76/0.24 GIG —
28 Leptin_Bo_05 3-UTR (3541) TIG 0.80/0.20 TIT —
29 Leptin_Bo_05 3-UTR (3551) T/C 0.90/0.10 TT —

* Konfortov et al., 1999, Bucanan et al., 2002, Liefers et al., 2002, Liefers et al., 2005.

nymous SNPO.EA, 7]&Ee] Aok EZoA=
AR 82 SNPolt}l. C1180T W3+ Arginine
o] Cysteine 2 2] o}r]i=Ail WMEHR25C) 7} Ao
U= nonsynonymous 3t SNPO.Z, 7]E9] A<
FEAAME vl = WIE(C/T=059/041)=

EABARE gkl A= 1 Hop W2 HlE
(C/T=0.83/0.17) & }E}wILh

Exon 391 & 770 SNPso] AU}
C3100T+= Alanine©] Valine 2. % (A80V), G3256A
+ Glycine©] Aspartic acid=(G132D) Z}Z} o}w]
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Table 3. Nonsynonymous SNPs and their frequencies found in Hanwoo in this study

Frequency in Korean Frequency in

SNP position Nucleotide change Amino acid change cattle (Hanwoo) cattle*
T1163A GTG to GAG Val19Glu 0.95/0.05 -
C1180T CGCto TGC Arg25Cys 0.83/0.17 0.59/0.41
C3100T GCGto GTG Alag80Val 0.71/0.29 0.93/0.07
G3256A GGCto GAC Gly132Asp 0.82/0.13 —

* Konfortov et al., 1999, Bucanan et al., 2002.

[‘

=2 WSS {123 nonsynonymous SNPs©]
Fomn o] F GI/EAE 7]Eo] MY FF
e BAEA &2 SNPo|™, C3100TY 4%
719 A9 FEZ(CIT=093/0.07)°4 HT} =
2 Wo|(C/T =0.71/0.29)5 YERNSITE C3011G,
C3257T, T3260C, T3272C, C3356T+ 5 o}v]
S dEstehe FEo] Al WAl $1x]351]
A3 opH|=AkS F=3dk= synonymous SNP
o]glom, o] T C3011GE= A% FEolA KL
X 2L SNPolH, thE Wolse] RIE: g
FolM= A FF Aok Al LERs

o

Sk-9- leptin - AF2] intron 1°A4:= C1018T
7 T1064GS]  27H9]  SNPso] A U=t
T1064GE A9k FFoA = s x| 2o SNP
olw, C1018T9] -9 AMF EFTNAet 3=t
Wito & zpol7h gigith Lefu 7]Eel] B
a1¥ C978T9} G1001CE= A Y #FFdAE B

HAJAARE, 2 AT oA DR A] o
¥t Intron 204 2AE 971e] SNPs X4
MY FFAME Bad A 2k 2,
7)o BaE C1600T¢}F T1619CE - A9
Sh-oll A= AR ko A FFA &
o]H¢l SNPsiZz A}=E|QItHTable 2). 3-UTROl
Al WHAE G3468A, T3496C, G3521A, T3541G,
T3551CE A% EFo| 4 SNPsoll that ®aiz}
7] wEel oMt v SNPsE ALR
=3

AE FFNA Barg leptin F-2F2] SNPs

= 209 702, Buchanan -5(2002)<- Angus,
Hereford, Charolais, 22|32l Simmental 1545l
] genomic DNAE #g|dlo] SNPsg A3

A3}, exon 204 C1180T (R25C) 17H, exon 3
ol 4] C3100T (ABOV), C3257T, T3260C, T3272C,
C3356T 5 5709 SNPs7} EA18ta 9o

&k glem, lean P} fat P2 3uk] Aol
leptin F-A2ke] Q7| ES AAS] H|w

A3} exon 22 C1180T (ASOV)ol A C allele

lean& oA, T alleles fat oA YElRTH

H318kal glth(Konfortov %, 1999; Buchanan
, 2002). T3+ PCR-RFLPZE AAJse], Chi-
square A4S B3 F 7F NIEE FARGE A3
C1180T (A80V)2] T allele™= Angus$} Herefordol
2] Charolais (P =0.01)1} Simmental (P = 0.04)°]|
AR A YeRgth 2 dTelA YERd
C1180T+= CIT allele®] ®%7} 0.83/0.17=2 C
allelec] Bt} A Yepsit olep 22 A=
HE 39 Angustt Hereford X.U}= Charolais
Lt} Simmentalel]l 7M7he FAHRE
Aoz AlgEr) ek Aol AL leptin G
AApel A RFLP1O.Z 2#A i intron 20
8= C2059T7F At Aol Sl= A
o7 4HA r}(Liefers 5, 2002; Liefers 5,
2005).

719 &zl SNPs# Hlashd, MY EFF
3} 9o FE o= UERd SNPse] 4%,
At il A s Uil 495
L, frojentgt AfolE yEh= SNPsE W
A 53] ofn|ieate] skt 0‘01‘%*
523k SNP2I exon 29] C1180T (R25C)<] 74
Schenkel 5(2005)& & ThE SNPsﬂr ﬁ]oM
2MF 9@ abm] oknl o] g9le-o Ei’]’
g9k e EH‘“/‘T"r 2t
HolA, & 1o A o3 g+ P

ot K ro rotb 2

]
ZEa =

ir e fo :(o ol

o

Lo X
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ke zpol7b Uehd= Ao AR UKL
5, 2006).

o AFo M= 39 24F2HE leptin
A5 BAste] 257] SNPs HHRE A&
Ak ol oigt wo gEek fdxEol
& ARE 47] A E A 24 A
o] Z7PF destE et Atsdrh E=g oy
SNPs R ZHE A3l haplotypeol] thgh o
A REE AAste] FHxE AR 13
7o ARBAE BAToEHN, FHAES gix

= oY SNP =& haplotype®S 7fdtale=
o] 7heate]et AlsEM, olF Este 3he-

r Nl Fa3 A s AT
& dSs o AlsHh

oy S ye

V. & of

% ?i:rL{— tﬂ"‘?* 24"1:!‘9] QQHQEE—T‘H geno-
mic DNAE F&3ke] leptin %1%k intron 1
BE 3UTR FE7H# 9 &7 HES AAsH

1670= 719 MY wFlA

.
. I
A= =] [e) [e] =]
HEs 2ol 45 FA e,
T

2 3
2 fFoAe] J&EE Aot AHAe= Tk
Intron 19] T1064G, exon 294 AR

nonsynonymous SNP (T1163A, Val to Glu)¥}
exon 3°] C3011G % G3256A (Gly to Asp)
SNPs2 7]=ell HarHA] & ghpollA Al
A A" Zow & ko] Zols yeidie= A
. ol2lgk gh9-©] SNPs FHi=

o #79e A4skn, w4 % 52

HoAgE FEUEH vlo] L IH21A(F
W5 20070501034009)2] Aol 2ols o] Fo]

A

A

=

=

10.
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