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ABSTRACT The identification and utilization of potential candidate genes with significant effects on economically important
traits have become increasingly important in poultry breeding programs. The ovocalyxin-32 (OCX-32) gene is located
chromosome 9 in chicken, plays an important role in eggshell formation. This study was performed to assess the association
between single nucleotide polymorphisms (SNPs) of OCX-32 gene and egg production traits in the Korean native chicken.
Four Korean native chicken population (n = 181; including 46 females of Ogol, 46 females of white, 43 females of gray
and 46 females of black) were used to analyze two SNPs (c.494A>C and ¢.267T>G) in the OCX-32 gene by PCR-RFLP
(Polymerase Chain Reaction-Restricted Fragment Length Polymorphism). We measured egg production traits of age at first
egg, first egg weight, egg production ratio and egg weight. The SNP c.494A>C was significantly associated with egg
production ratio in Korean Ogol chickens (p<0.001) and egg weight in Korean white chickens (p<0.05). SNP ¢.267T>C was
significantly associated with egg weight in Korean Ogol chickens (p<0.05). But there was no significant association in Korean
gray and black chickens. Results suggest the possibility of using molecular markers in OCX-32 gene as a tool for performance

and egg production traits in Korean native chicken breeding program.
(Key words : OCX-32, SNP, Korean native chicken, egg production, PCR-RFLP)
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Aol wol 2zt o] F el EYF o A EHA A Al 2733 vt gick gk Al fxd o=
7b A3 sl BF 9719 ARhLee 5, 2011). 1 Ao 7RIS R3] QT YA, A1H 28 OIS &
23 o] {2 TN AYFNAEL S o= Al F ol7] flal A4t T ko] dfH o= g Axolrh
@o 2 RE V|2AE FHs 1F 50 e EFAE 2 BA AETHA 7ol theksiAl wEshHA 715e
<= S8 g Y] Aee Fd 2Ale fA BE ZAA el G vA = T8 A Quantitative trait locus,
ol & 722 g Har] T 9 B AAdE FRIeHAA QTL)S] EAol| #3t A7} 7K&Esteo] Bal S o
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el Q71 = g el WER Yehtes d7] ¥olE st
™, SNPell ofaff 7A|Zte] FHo] v=2A yYehtes F313
Holof] tigt #4lo] =olA|a 9ATtk(Bell, 2002; Wang and
Moult, 2001; Kim -5, 2013; Oh -&, 2005; Kong, 2013; Seo
=, 2013).

Ovocalyxin-32(0CX-32)< 32kDa®] whl A & -z} g4 o
w9 GA oA Apg Yol 32 FEo 2 EA) S (Gautron
5, 2001). OCX-32 ©hld xR/l npgZ W7hs A3t
o] vjole] gztgol| F23F IS Ik (Xing 5, 2007).
2T B 9sh, 0CX-32 F-2k= §e] Aket 54 9 A

E43} Ao] AT 0CX-32 FH A= White Leghorn
x Rhode Island Red F,2] 2Feh-& 2 Algko] ghalz]=9} {1t
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Table 1. Information on SNPs markers used in the this study

1 OCX-32 74 2ke] SNpe] &= Al Add@d el nAe 9%

DNA Extraction Mini Kit(Intron Biotechnology, Korea) 2=
AZA e wet F= % FAlskith 2% DNAE PCRS
&17] Aste] BF FEAZ 260~280 nmolM FHEE =

Hote] BEsh £ AT,

3. OCX-32 FTXt Primer &4

= A OCx-32 FdAke] SNP A2 913l 7]1&
H 1% Uemoto 5(2009)2] =ll4] SNP c.494A>CS} ¢.267T
>G2] primer sequenceS Genbank(Accession No. NM_204534:
c.494A>C; NM 204534: ¢.267T>G)l| A A=} &elslgl o,
230 o] &H SNP c494A>CS} ¢.267T>G primer 42|
714<E HHEE Table 19 #A|A]gE vl 2t}

4. OCX-32 7TdAte| PCR &%

DNA Z%& 9% PCR 7]AE Veriti™
(Applied Biosystems, USA)E AF8-51%1.2™, Top DNA poly-
merase (Bioneer, Korea)S Al8-3t] PCRS A A3}SITh

PCRZ 93t H7He 27 S 2+ Genomic DNA 50 ng,
primer 0.01 yM, 0.2 mM<] dNTP, 15 mM MgCLymLE ¥
313l 10x PCR buffer 2.0 uL7} Al 24389k w3 =71
O 25 HZE 94ColA] 1083 pre-denaturations 3+ 3 94C
ol 4] 303} denaturation, 57.5Cel|A] 3033t annealing, 72°C
oA 1837} extensions 353] WHESIH 1, FF 72ColA] 5
§-71 final-extension & PCRS 4319 th SZ4 AHEEL

2.0% TBE agarose gel = UV/gollA| A7]g 5ot SFofH-
9 A7]5 el

Thermal Cycler

5. XY 24

OCX-32 572} SNP c.494A>C9} ¢267T>G2] -9
£ 53t alleles A4 517] 951, fast digest A|3HE A Neol
3} Tail S AFESFATE 23 30 pLol] A E s 0.5 UX &
7¥sted, 24z} 37°C9F 65Tl 5EZE A=tk F-AAE S
A3 Y3l 2.0% agarose gel 2 7952 AAISHS T

6. A =4

SNP Primer sequences (5'—3") Product size (bp) Annealing temp. (C) Enzyme
F: TGTTTCTGATGAAGAGCCAGA
>
CAMAZC R CTTTGCCACTCTGTAGGCTGT 250 373 Neo 1
c267T>C F: GCCCACTGGTCAGAAAAGAA 405 538 Tai 1

R: CCTGCAGAGGAAAAGAGCTG
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cht @A I E Ao tigk OCX-32 FAke] c.494A
>C 9 ¢.267T>G SNP2| #3238 EAJol|A allele frequency
£ Cervus Ver. 2.0 program(Marshall 5, 1998)2 ©|-83}%1

PCR-RFLPZ %3] OCX-32 42} SNP c.494A>C B
c267T>G7} &= A ste] T8 Akt PAFe] G nlA|
© &5 tHsk] flall FE el Aket @A el A
FIAE SAS 9.2 Pakage(SAS institute, Cary, NC, USA)E
o]-g-3le] PROC GLM 222 A EA3t3ith SNP #-31
A B3] frojide] veRd PHel theiAl= Duncan’s
multiple range testol] €]3F FAAEE Fo0X HH S AA
st A Ao o]&g BYe v Atk

Yi=u + G + g

9 AellA,
Y = §37F F8A
w= 7t §3ke) Bt
Gi = 1 WA SNP f7d#g<] &3}
ej = o] oA}
Zu 8 nF
Ohh -5(2005)°] Hirel efabal gk Aee] 2704 %
A7 AlBE 2 WA 76.27), 34 77270, A 73.67) ]
o, Ahg R B 7M7)t 61.9%, 63.9%, 62.2%2] Akt 5
e 7RI Aol g AeE At it A
2L WA 71.0%, 24 65.3%, S 67.0%= AP ATE B
o] BlE HlwA e AAS THE e E RIS
OCX-32 772 c494A>C E ¢267T>G SNPE w4 3}
7] el Aol AHE JHANE = Al A A At
F9l AlAFd#(the age at first egg), AlAPdS(first egg weight),
AFeh&(egg production ratio) L2311 W=(egg weight)2] |
A GBo] U@ HHE olgdlel 0Cx-32 FAA] F
SNP¥te| AadS EAsk=dl skl vh(Table 2). 42t
@& Qobis] 5] PCR-RFLP W& o] 83fe] 2t Ao
= Aeste] A 543 Aol Fstedny. AREL:
Neol & ¢494A>C =AM} dojule 54 AN 48t
Al Hlo] Zhzke] s o el Hul, Aol Aot AA
genotype®| 250 bp, AC genotype= 250 bp, 194 bp, 56 bp=
o] &™), CC genotype- 194 bp, 56 bp= ol A A]
oh T3 AR E A Tail c267T>G EAWele] 5% A4
< 123} TT genotype 238 bp, 167 bpE, TG genotype-

238 bp, 167 bp, 150 bp, 17 bp=, GG genotype< 238 bp, 150
bp, 17 bpE o] zch

A7l F& AA=E = AW 0CX-32 F772] F SNP
genotypes 273t FAAE 4 WIEE FA 8ISt Table
3). S ZA19] c494A>C genotype Rl=E= AAE 6.5%, AC 67.4
%, CC 26.1%%= AC A o] 7P & HIEE
), ¢.267T>G genotype HI=E TT 93.5%% 7H HS Hlw
= Yeldoh Az ] c494A>C genotype HIEE =&
SR AA 52.2%, AC 39.1%, CC 8.7%°]™, c¢.267T>G
genotype W12 TT 54.3%, GG 32.6%, TG 13.1%% YEFs:
T} c494A>C genotype?] Rl=e= QIAIS} =4 A Ho] &
AbgE &S BRI, WA zEfete] 77, tHERA 0% AA
FAAFg el Nert =A BSHATE ¢267T>G genotype] Bl
L= Al WA QoA TT Fxtdel 7 =4
WS A, 3| A3 24 gl A = GG genotype©] 7t
A BSEAT ol JhdE {AAE W= Aol

7

= [e] RIS
Aeperel auf el os) At ztel 7t Sl A e® AL
¥k

g Al OCX-32 FdAke] c494A>C 2 ¢267T>G
SNPo| Akt Ao JFE FEA] oty flate] st &
A 259} PCR-RFLP #'H o 2 EA3)h genotype AHRE ©]
45} SAS 9.2 Package(SAS Institute, Cary, NC, USA)Z
A #Askaih

A0 o] &8 18179 gk AlNE 5 2= A9 c494A
>C9} AFHE(EPR)2 CC genotype®} AC genotype©] Hit
75.0%<} 75.8% % =] BSE WA, AA genotype 48.5%
2 9 YERtth(p<0.001). WA a2 Ehe] c.494A>C SNP}
FEHEW)S CC genotype©] 52.0g0.2 ThE A S
H)3 =4 UEREOH, AC 51.2 g, AA 48.1 g 802 97
ol AFEAAZE YERITHp<0.05). 3 eZAlel 0oCx- 32
¢.267T>G SNP<} FZ(EW)-2 TT genotype©| 53.3 g&. &2 7}
2 =kon, TG(52.3 g), GG(@472 g) £ o & F2]4<l Ajo]
7F JERATHp<0.05). LFAIS A3 3= A se] Atet
&3} OCX-32 57424 W c.494A>C SNP 7Fe] #2129 z}o]
B YA AN A2 A 3R E cCP R
AATFO] EL FAE Hole AL I ol A
o} gitEl= AREA 0 FAl9] F HolAl A viAR o]
48 F e 77 =2 3o E AlRHEn.

OCX-32= &l W2t PAdoll T8 982 Faste &
w2 oAz o) Miksik 5(2007)9] Haro] sbH, OCX-
32¢ d2te] FEIZSoA HAEATE 0CX-32 F3AR=
o] 91 Al eF 21.4 Mbp Al EA3taL 9lom, 67)
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Table 2. Association between SNPs of ovocalyxin-32 (OCX-32) gene and egg production traits in Korean native chicken

) Trait"
strain SNP Genotype B
AFE(days) WFE(g) EW(g) EPR(%)
AA 159.3+7.8 36.0+3.1 53.6+0.7 48.5+£16.5%
AC 146.8+2.0 36.3+0.7 52.8+0.7 75.841.5°
c.494A>C
CC 152.6%5.4 38.8+1.4 53.3+1.0 75.0+1.9°
p-value NS NS NS <0.001
Ogol
TT 149.4+2.1 37.0+0.67 53.3£0.5" 72.7+2.0
TG 135.0 36.0 52.3% 70.4
c.267T>G
GG 150.0£12 34.0+1.0 47.240.6° 87.9+3.8
p-value NS NS <0.05 NS
AA 150.0+3.1 31.8+0.8 48.1+0.7% 71.8+2.9
AC 149.2+2.8 31.2+1.2 51.2+1.0° 70.1+3.7
c.494A>C
cC 142.8+0.8 31.8+1.0 52.0+1.1° 70.5+4.1
p-value NS NS <0.05 NS
White
TT 148.7+2.7 31.6+0.8 48.8+0.9 69.2+3.3
TG 148.546.6 32.7+1.3 51.3+0.9 65.5+4.7
c.267T>G
GG 149.9+3.4 31.0+14 50.1+1.0 76.2+2.3
p-value NS NS NS NS
AA 144.0+11.4 32.8+1.8 47.5+0.7 65.9+2.9
AC 144.5+ 2.7 33.0+0.8 49.7+0.6 65.5+1.6
c.494A>C
CC 140.0 35.0 494 62.3
p-value NS NS NS NS
Gray
TT 142.0+6.7 33.7+1.8 49.7+3 4 68.2+2.1
TG 139.9+4.1 33.1+1.9 51.3+0.9 62.3+3.6
c.267T>G
GG 146.5+5.4 33.0+0.8 48.9+0.7 66.7x1.5
p-value NS NS NS NS
AA 148.0 34.0 53.0 76.2
AC 136.4+1.4 36.7+0.9 55.6+0.6 66.1+1.9
c.494A>C
CC 136.5+3.6 37.4+1.4 56.5+1.2 68.5+4.1
p-value NS NS NS NS
Black
TT 138.0+5.5 37.6+2.8 56.24+2.3 65.8+6.9
TG 138.0+2.8 36.0+1.0 54.1+1.3 61.6+4.4
c.267T>G
GG 136.2+1.6 36.9+0.9 56.0+0.6 68.3+2.0
p-value NS NS NS NS

' AFE = age at first egg; WFE = weight of first egg; EW = egg weight; EPR = egg production ratio.
2 Means with different letter in each row are significantly different(P<0.05).
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Table 3. Genotype frequencies of SNPs on OCX-32 gene in Korean native chickens

. c.494A>C Allele frequency c.267T>G Allele frequency
Strain No.
AA AC CcC A C TT TG GG T G
Ogol 46 0.065( 3) 0.674(31) 0.261(12) 0.4 0.6 0.935(43) 0.022( 1) 0.043( 2) 0.9 0.1
White 46 0.522(24) 0.391(18) 0.087( 4) 0.7 0.3 0.543(25) 0.131( 6) 0.326(15) 0.6 0.4
Gray 43 0.093( 4) 0.884(38) 0.023( 1) 0.5 0.5 0.070( 3) 0.256(11) 0.674(29) 0.2 0.8
Black 46 0.022( 1) 0.695(32) 0.283(13) 0.4 0.6 0.109( 5) 0.152( 7) 0.739(34) 0.2 0.8

2] exons 7FZITtHGautron 5, 2001). Takahashi 5(2009)2]
A Tol] w2 W, White Leghorn Foll4 OCX-32 F-724=1<] =
o]7} egg weight, short length of the egg, long length of the
egg, eggshell weight, non-destructive deformation®llA] |t
FA4H #HE 54 FAH(p<0.05)% FFE A= As
grelatgith. 3k Dunn 54(2008)9] .ol ©]shH, OCX-32
Frzte] SNP2 Alte] f7352] 79 S st

Uemoto 5(2009)= White Leghorn(WL)3} Rhode Island
Red(RIR) % WL x RIR F, &°] OCX-32 f7dAke] SNP
Toll A ¢.494A>C genotype®] WLOIA] AA type©] 40%= 7}
A =9ka, RIROIA] CC typeo] 37.5%= 74 =9koH, F,
ZFoll A= AA, AC, CC type°| Z+2t 33.5%, 35.7%, 30.9%=
YERGTE ¢.267T>G genotype WLOA TT9 TG type©]
40%2 7 =%a1, RIROIA = TG type©] 43.8%= 71 =
ko, F, FollA= TT, TG, GG type©| 212} 33.5%, 35.7%,
30.9%= JERTh T3 0CX-32 F A W SNPH}F HA| &
A (Yellowness, Egg production ratio, frequencies of meat spot)
o] ARG E BRASHATHp<0.05). 3HARF k=t A sl A
OCX-32 fr7d7te] SNP#} Ated ddate] ddde & A3
oA Agoz Husle Aot

= Aol 23, 0CX-32 A2 W SNP ¢.494A>C9} ¢.267T
>Ge = AdEe] AdEg A AwdS g U
o} s e ' v A7) o] 5 Y-S B2 N
ATE B TR A FAFe] AR Fe A7t
Z1d=H, 2 A5 A2, 0CX-32 F7312F Ul SNP ¢.494A >C
S} c267T>GE &= A s STl 71x A5= AME
U Ao R AREoZITh

H

g A ZRIaReIN ZAROR Fad o] A
A9 1 fAxe] Ad 9 H8e 94 o FediAw 9l

%_
t}h. Ovocalyxin-32(0CX-32) A= S 9l A2 Ao €

A8 Y8l st
PCR-RFLP "}'H-& 53l 3= 237 4657, WA 4657, 34

= Z 181579 = A 9 4F
o] SNPS EA5Ith At a8 Akl e, AlahdZ, 4b
s, do] /K] FES x3ete] S48 0Cx-32
A W c.494A>C SNPE @ A 9] 2bk&3} 2491 2}
°]& YERI 2 H(p<0.001), WA Aol s 9
20l AATA7F YATHp<0.05). ¢.267T>G SNPL 7
o] W7 FolAl Aol VERSTHp<0.05). 3HAIRE 3]
Az} S Aol e Fo Al AAEAZE JehA] &
ATt 2 AT AT, g Al Ee] AN ZEOFelA Akt
FAL A¥ete vAR AMEEVIA] F5 9 B2 AT
S B3 A3t eFEHU, 0CX-32 A2 W c.494A>Co}
c.267T>Ge] A A7|He)7} = A T =A<} A
A 2 EAJ0] ulE DNA A npA 2 &8-3
T Ag Aoz AlgHnh

(AQ1o] = A, A, 0Cx-32, FLA7H )
Al AL
B 7= GSP £2AY T4 E(PJ009925012014) 9}

Aieietin B2 w (12014038 )l €3 o] Folz.o.
H, ol A=Y H.
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