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The +1316 T/T Genotype in the Exon 3 of Uncoupling Protein Gene is Associated with
Daily Percent Lay in Korean Native Chicken
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ABSTRACT Uncoupling protein{UCP) is expressed exclusively in brown adipose tissue(BAT). It is known to uncouple
phosphorylation from oxidation and hence to be involved in energy metabolism and heat production, especially under cold exposure.
In the present study, we identified single nucleotide polymorphism(SNP) in exon 3 of avUCP gene in Korean native chicken(KINC)
population. It was detected a SNP T+1316C in exon 3 of avUCP gene by sequence analysis in KNC population. For PCR-RFLP
analysis of the SNP T+1316C, used by 4fl III restriction enzyme. The result of PCR-RFLP analysis showed that allele T has two
fragments of 255 bp and 86 bp, and allele C has only one fragment of 341 bp. The genotype frequencies were TT type, 0.7875;
TC type, 0.1875 and CC type, 0.025; and, the frequencies of allele T and C were 0.881 and 0.119, respectively in KNC population.
Next study was conducted to investigate the effect of the SNP in avUCP gene on economic traits in the KNC population. The
TT genotype had a significant higher daily percent lay(84.61) than CC genotype(p<0.05) in KNC population. This study may be
useful for genetic studies of avUCP gene and selection on daily percent lay of KNC.
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* Uncoupling protein(UCP)-& 24 x|HubA|Z o] wEZRcg] AZE, 4, 91, 325 odelv EAsta glow (Fleury et
o} Wbl Za5 uncoupling oxygens Ea ATPS A4k al., 1997; Gimeno et al., 1997) UCP3¢} 7Z-¢- 253} AU E
goia deiA lem, Axue] HAot dUAE 2 A oA F2 W IrhBoss et al, 1997; Vidal- Puig et al,
71e A% 7D ek 24 APTAEE AT oy 1997).
avlel 24 83 ATE dIsin e Aes UHA e
ATHGarlid et al, 1996). = FE2] 244 ALzt & & Adgto 2 S 2Htn g2 9 riDuchamp
At e UCPeh 1AM S 7Hd oF3(UCP2, UCP3)9] &A1l et al, 1999). UCPE= 53] F9j] 483 7k <) +%
7} B E A THFleury et al., 1997; Gimeno et al., 1997; Boss et ofgjell A Sold oz HHo| TUlshe Aoz BuHItt
al., 1997; Vidal-Puig et al., 1997). UCP2¢} UCP3& UCP13 a2 4AJ7E o] F9lo] =ZE Hho] FAdholA UCP g
FZAQ 4TS Holx glom 75H WolAE f4 F2 FIHoA dte Rauw® gich(Raimbault et al,
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2001).

Q1A oA UCP1 fAxte] &S ol=gddl S B3 wid
AARA Y 2AE vba 9YrHCassard et al., 1990; Clement et
al., 1996; Bouillaud et al., 2001; Shihara et al., 2001). «J2] E
oA 5UTR 1 -3826X)4 9] THEA(A-3826G)e] H|Z<)
Z73} AR SAF o)A FoH He] AAE 7L
V&S 75 Bl HF3ATHOppert et al,, 1994; Kogure
et al, 1998; Bouillaud et al,, 2001). o] Tk e Az=2 t}
olOJEE 5 AFe AT Afe] Jvtn Eid ui
¢l tHFumeron et al., 1996). =3 T}& oj 2] o) wp=29 o]
Aol wole vty vgk #A AWAE ddo] Je&
AZ3tgtHFogelholm et al.,, 1998; Pihlajamaki et al., 1998;
Hayakawa et al., 1999; Sivenius et al., 2000; Heilbronn et al.,
2000; Proenza et al., 2000; Herrmann et al., 2003).
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1. A=

B Ao o] &d FAMEE FAFE #H AAE
£-3} White Leghorn 40 4=, Cornish 40 %>, Rhode Island Red
0 s} BF A 80 £2 AL T suiomLe] B
EDTA7} 3H+¥ tbedl] Aj8&t3it)

e

2. Genomic DNA2| 22| & HA|

A& Ao 2HE DNAY #2] 2 %A= Genomic
DNA Extraction Kit(Bioneer ) 2.5 2] o] wla} £ & A
391, 2e]¥ DNAE TE Buffer(10 mM Tris-HCIL, pH 7.4,
1 mM EDTA)ol| &35t}

Table 1. Primer sequences and positions used for UCP gene analysis

3. PCR Amplification
= UCP gene?] 9714 <G (GenBank Accession. No. AF4

3317002 A= o] primer® A %3}ATHTable 1). PCR
(Polymerase Chain Reaction) ¥+-2-5 £]3}¢] Template DNA
100 ng, 10 X PCR Buffer(100 mM Tris pH 8.9, 50 mM KCl,
15 mM MgCl,, 0.01 % gelatin, 0.1 % Triton X-100, 10 mg/mL
BSA), 10 pmole of each primer, 40 uM of dNTPs and 0.5 unit
TagDNA polymerase (Promega, USA) 2 Hi<+E #H7lslo
Z 10 L9 mixtureS £H)3l 94T 4] 4837} denaturation
% 94TA 40z, F Fg|o| o3t annealing &%= 61.3Tel|A]
40z, 72CoA 283t 358] WHgAIZ1 & 72TlA 10 £3F
final-extention &}S3t}.

4. UCP Gene ¥4 &7|MYE &4

PCR product 5xLol] ExoSAP-IT (Amersham Biosciences,
USA) 1 2L #Arteld & 23F 64LE 3l 37Tl 30
1, 80TAA 3025t THeAlA SFH AE ol98 AES
A Askd £ t+S E.T terminator dye (Amersham Biosciences,
USA)S A|ZAte] )3 Mo] w2} Table 19] primere} )
peltier thermal cycler 200 (MJ Research, USA)S- o]-8-3}] A
SZ YL sk A AP S B3l Lol ES
MegaBace DNA Analysis Systems (Amersham Biosciences,
USA)E <] 83l d7IMg8S et dde B3 2
AE 71 g-L seqMANTI(DNA STAR Inc.) EE213E o]
&3t #o] A9 gl &8st

5. PCR-RFLP Genotyping

PCR-PFLPE 9|3) A28 primerS A}&8lo] ZZ A7) A
& g4 A9l T+H316C F9of BolH oz ¥-33sl=
13E & 4% 471 M(ANCRYG _T)Z AH&-8t] JiAE F-AAHE

-
2435

2

tlo

6. Statistical Analysis
BARNE olele] & o] §311.00] SAS(SAS 92) =

Primer Sequences Position Usage
avUCPe3F S'-gtagggaccgactacctca-3' 1,097~1,115 PCR & Sequencing
avUCPe3R 5'-ggcatgagtgtagggatg-3' 1,540~1,557 PCR & Sequencing
avUCPe3F2 5'-gtctccaacacgtgeect-3' 1,231~1,248 PCR-RFLP
avUCPe3R2 5'-gpcatgagtgtagggatg-3' 1,540~1,557 PCR-RFLP




Oh et al.: UCP Gene is Associated with Daily Lay in Korean Native Chicken 241

28 ALesle] BAg SUTR exonl I il ¥ V W 3UR

Vg =u + b + G + e

fﬁAﬁAAﬂﬁAAN

B_H & €E

=

w

A HAA yp = BFHA mt ;:\/;\’G‘{}‘/c‘ Pl

u =2t B4l U B 2

b = FAA S Fig. 1. Identification of sequence polymorphism(T+1316C) on the

G = $AxE exon 3(Gene Bank accession no. AF433170) region in av-

e = A9 03} UCP gene. Leader and trailer sequence in white, coding
sequence in gray and intronic sequence in black. wt: wild
type, mut: mutant.

4 1

M cc TCc IT

5 UCP gene?] exon 3& F3et1 Y& primerE A 2}3)
o PCR FE-2 IS 23 460 bpe] S

31 o] FEAE-E direct sequencingS £3) A7 \MEL AR
AT B8 97D S 712 BEanE 9 UCP gened)

71A1€(1316 bp, Gene Bank accession no. AF433170)2} )
3885 EAF A7} 1,097 bp~1,556 bp A F &
A3 21 exon3 A FL 1,255 bp~1,453 bpA| oz 3
=it

H71 ¥e] A& 28l 938l 30922) A2 DNA sam-
ple2 direct sequencing 3ttt 2 2% exon 3 A <=2] 1316
bpoll X T7F C2 A go] ot A7} Y& FAstHTh

PCR-RFLP £-21& 918} T+1316C |20 Eo]H o g WIS
e A1 M(A'CRYG_TE AHE-31%oH B9 Helg ¢
8l T+HI316C A& TFslo] 41 I AFES 97} $48k 317 )8} White Leghom 40 2=, Comish 40 4=, Rhode Island
Al EASHE 341 bp 719 DHE TEY = YEZ A2 Red 40 29 = A2l e 80 58 PCR-RFLP B4 A7}
primerZ 4| Z3}d A}-85191th. PCR-RFLP £ A3} T allele White Leghorn#} Comish #EZol| A= C alleled R2-J3t1 ¢l
& 255 bp9} 86 bp T o] AEHEY 1 Wol7} ot C llele € /WA= EelA] ekgkon, Rhode Island Rede} &H= Afe)
£ 341 bp ©¥o] AEHY) T C allele?] ¥IEE BA g FFA C alleleo] &5 ATHTable 2). Genotype %1
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Fig. 2. Restriction fragment polymorphism patterns for exon 3
region in avUCP gene using Af! 1II restriction enzyme.
M: size marker, CC, TC, TT: corresponding genotypes.

Table 2. Genotype frequencies of UCP gene in 4 breeds chickens

Genotype frequency Allele frequency
Breed Number of animals
T TC CC T , C
Leghorn 40 1.0 - - 1.0 -
Cornish 40 1.0 - ~ 1.0 -
Rhode Island Red 40 0.95 0.05 - 0.975 0.025
KNC 80 0.7875 0.1875 0.025 0.881 0.119

KNC: Korean native chicken.
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Table 3. Effect of UCP gene variation on economic traits of Ko-

rean native chicken

Geno-  Daily percent Egg Body
type lay (%) weight weight
TT 84.61+1.729° 48.88+0.478 1637.27437.554
TC 79.93+2.962% 47.66+0.819 1614.66+64.318
CcC 80.032.471° 46.01+0.572 1603.05+49.105

** Different superscripts within columns are significantly differ,
<0.05.

£ 318 A7} Rhode Island Red:= T/TS} T/C7} bzt
0.95, 0.052 AEHUL C/C= AEHA Fut}. wha, o=
Aste] S T/T, T/C, C/C7} 242} 0.7875, 0.1875, 0.0252
2 AZE Hof 3= AU 55T 14 F2E FF
2= 01211;],_

&AL o
FaRuce:h %*—18&
84.617} C/IC 5-AAE 2] 80.83 7+e] £-2]A(p<0.05) z}om
o] A ThTable 3). 3 TT FAAE & 71 At
o] ] & BAIA AL HehA] kAN 3= Al
dE3 AF AN 7 =& AAE el 9l

A2 Hadol ned P4 exst & 2xd =4
5ol AF SAFE 2R Y 8 28] =
o P4 e =29 ¥ Fdo] AF} 3

p

FollA #A Jebgem o5 el UCP gene expressions -

A A3 F90 =2E JelM o5 =7 2=
ol& F8dl =2d HEol F9dl ¢85 st A<
AR E o83l B2 WAAI]7] el Yehvbe d4
o2 23} (Collin et al., 2003). E3F 5] UCP AR}
Aule) U] thatel elstn 98-S YR o]t of
UA| iAleh Besled T AR TR Ao 3188 A
Abeha ickn @ 4 giok

B A7E 535 = AelEe] UCP -4 A} exon 3 A<
EA3} = SNP (single nucleotide polymorphism) T+1316C
E A&tk T+H316C A9 e] o7} Lot C alleled] 2
ANEE BHE A = AU FolA 10% o1 de] o

0.05) ;(]'O]'é‘ Ho|m ,\,\E](Table 3).
ol THI316C X 2] T alleleo] Atek-&3} AHH
o glo] Callele o} £2 & & 7171 A&
(o]
]

et w3 T2 FAE glojA HIF BAH

i‘%

AEHA FIAT TT F-AAEE BH3 3}
HZ-2] Aol A VeI A& B uj T alleleo] %23+ &
2

2E vl A $& 48 rA 1 e Ao

Z=AAT) 742F SNP X929 C alleled] SH¥IEE 9=
253} ¥ w3t 23} White Leghom®} Comish A& o
T AEE AN P R AEE HAE Calleled
AR 99k Rhode Island Redo| A &= 0.0259) 2He Wy
HEE Ml wbA gk Aol e 01199 & 2d vl
TE #IE Y ole &= A G2 ) FF
HE UE 253 943 222 R YSL =3 &
UL 4Hehgol] H¥E AAFA M 7Fed e WEstn
ATk R1ZFe} UCP faate] o)z} vigholn} vinta} ed g
ol gks nFga B uE$] o H(Fogelholm et al., 1998;

Pihlajamaki et al., 1998; Hayakawa et al., 1999; Sivenius et al.,
2000; Heilbronn et al., 2000; Proenza et al., 2000; Herrmann et
al,, 2003), H|gko] W2} ol o WHI HAR/AE 72 3l
So= ¥ 479 P E 9uE AARlD ok B 9T
AgelN $5e BAL /AT AN T allele S FF &
o AeEe] B4 §F ol #I AFE 53 AHES

MFehe v o] & 71dg & Aoz 7 €k

I

Uncoupling protein(UCP)-2 22 x| vk EZoj|A Fo|& o
2 0gsha glom B AEe] I 44 gl Bold
o gEA 9o B A7 3 AQaw Agke] UcP 44
Ahfell EAsh= SNPE st e Ae T
UCP %787} exon 3A9je] @171 24 23} 1316 bpoil A
TE7)17F CE7 2 X &H )AL delslg) T+ 1316C A Y
©] PCRRFLP 24& 9)8) Agak 4 S AHE31c) &
= Adg Ao $349 WEE TV} 07875, TC7H
0.1875 2] CC7} 0.0252 AZEEHN L thP Az |l
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T T7} 0.881 28]3 C7} 0.1192 et £33 A4
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