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ABSTRACT The hepatocyte nuclear factor 4 alpha (HNF4a) gene is related to lipid transport, including abdominal fat and
growth, in chickens. Interestingly, the A543G SNP within the HNF4a gene has previously been reported to be associated with
body weight in both broilers and Korean native chickens (KNCs). However, its exact position within the HNF4 is not yet
reported. This study aimed to identify the position of the A543G SNP and to identify additional SNPs that can be used as
genetic markers in KNCs. A total of 128 KNCs were used for the sequencing and analysis of these genetic associations. As
a result, AS43G SNP was located in intron 4 of the HNF4a gene; it is reported as rs731246957 in the NCBI database.
Fourteen SNPs were detected in the sequenced portion of the HNF4a gene; three of these, rs731246957, rs736159604 and
new SNP, intron 6 (249), were significantly related with growth in the chickens. In this study, the TT genotype of
18731246957, previously reported as A543G SNP, the GG genotype of rs736159604 and GT of new SNP have are highly
associated with body weight from birth to 40 weeks of age in KNCs (P<0.01). These results suggest that rs736159604,
1s731246957 and intron 6 (249) SNPs within the HNF4a gene could function as growth-related markers in the selective
breeding of KNCs.

(Key words: HNF4a, Korean native chicken, SNP, sequencing)

M 2 aQlom <laf HZAo] Fol LnjFe] g5dhe FAlolth
(Nam et al., 2010).

S A A= A 8o =2 ool Ao B|E AA Hepatocyte nuclear factor 4, alpha(HNF4a) -+ A<= AV
< GolAA 5ol Fnleh AE 7R A slen, &7 3 5o 2081 FAA el xSk, Al M= HNF4a -
o vla] $5eF A FAS 71 (Choi, 2000; Choe et al., ZAzte] Wol7t #7 Ao wdw Eslo] wE Qlede]
2010; Jeon et al., 2010; Kim et al., 2013) A=A A5 o 24, A2 ] I T3 AuE] glow, 1A

7} & tH(Jayasena et al., 2013; Jayasena et al., 2014). F+ & X 73}, oFE 2 AE tjatel] FEF o] 9 THArgyrokastritis
71 &, A7 vlel] ABArEe] Z717F A, 7F4A A et al.,, 1997; Ellard et al., 2006; Lee et al., 2008; Wang et
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al., 2008; Kim et al., 2009; Woodfint et al., 2017). EollA]
HNF4o 532= 5% oF2ol oa] HAL 24| 7153,
G54t A9 A EH e A 4 o (Wang et al,
2005), 5=3F Ahmed 5(2015)2 wjjo}7]ol| Ztoll Xl HNF4a
2] mRNA o] =& we] 7o) vz vl
ojdo=m w2ty Hustrh Silva 5(2012, 2013)<
HNF4o 572 6] intron®] A543G SNP2 PCR-RFLP '
S Eslo] BEAste] s SNpol S719] ) wey) =
WlAbel] fold A¥de] vk Bastdom, Choi &
(2016)> A543G SNPo| gtmAlefAle] A A nX=
kol thate] zAlsle] o] SNP7}F A Ale] A3kl 2l A
G vtk Busisinh oleh e g AFEe] 4
= HNFfo 53A7F 5ol AHS3 ol f94 93 n2
1ol S-S AAlEl o, HNFda S7AF2] A543G
SNPl| thgh A &het 9= BHawA] et

upba] B A7 7129] A543G SNP7} Al Al o] A
T ek ARl AAMSS A718, wel 2004 A
A Fol| A 2] A543G SNP2] &3t /X & setsta, 1
o] SNPE ®HAlste] A F2 BAE F2la F7122A HNF4a
FRZ Ul 22 vAE wZete] AlAle] 4FE A
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1. SASE

2 AdTe Agusrievda T AMSE =
Y HA BAfre] B A SAES olduttoz ke @
A A 2570 27 T A7 Al BEg Ve R A
3t 24zt 57 Z2EelA 12854 FAARR o] 83t
Zyzkel Il elol A 3.0 mLe] S A|F3te] EDTA
tubeol] B8}, ©]F 1X SSCE 23] A% 2 YAl 2e)st
o] el g B A om, o] 5 genomic DNA &
o o] &3tict AefAle] AP AZN YA FE 2~4F 3T
Ao 2 4057 YATE A3k

2. Genomic DNA F&

Genomic DNAE F&35}7] flal 4+ gl 5Ee] 27 10
uL, 1x Red Blood Cell Lysis Buffer(Sigma-Aldrich, USA) 90
L, 1x SSC 100 uLE 71l E A H S e & 4=
o 1047k QlFwlo|’ gt 7, 8] H-S G-spin™ Total DNA
Extraction Mini Kit(Intron Biotechnology, Korea)E ©]-8-5}
o] 9] ¢gDNAE F=3199th. F=F gDNAE NanoDrop

Al
A

e

ND-2000(NanoDrop Technologies, USA)Z DNA®S] &

E3% 260280 nm £E2 =45t

3. Primer A4 ¥ &4

AefA] A freole Aede] 7| SNP rs73124
6957 X33 HNF4o A2 69 intron A32] 937]
LS BA317] 8l Primer3 Plus program= ©]-8-3lo]
71ME 627 bpE TEFL F UEF primers TARISHA &
™, GeneBank(Accession #NC 006107.4)°14 7 E3}FA T}

Primer sequence % PCR WF&-Z712 Table 19 #|A|8FS T

4. PCR ¥ Sequencing

PCR-2 DNA Engine Tetrad 2 Peltier Cycle(Bio-RAD, CA,
USA)E o]&3t9th &= & WESAIZE 2712 Pre-denatu-
ratione 95 CollA] 58E3F 83} 11, ©]F denaturation 95°C
30%, annealing 58°C 30%, extension 72°C 1%#3} 353] W&
Z2 33t} Final extensions 72°C 723t 3y gh H g5
TEIFoH, TF AES —20ToA WE EAsIch
PCR oz FTZH &S GAs7] 28] Multiscreen
filter plate(Millipore Corp, Darmstadt, Germany)S ©]-&-3}<]
SZo o] &HA &S nucleotide®} primerE A|ASFA T

Sequencing BigDye Terminator v3.1 Cycle Sequencing
Kit(Applied Biosystems, USA)E AI8-31%1.2™, ABIPRISM
3730XL Analyzer(Applied Biosystems)E ©]-83] PCR 4H&=

o] Ar1Md B AP

5. SHZEA

HNF4a +7329] sequencings 3 AE SNPEH A
T ARAES A7) flste] SAS 9.4 package(SAS
Institute, USA)S ©]-8-3}] GLM(general linear model)*dH
o7 BA A5 o, AbE AR S o8-St
o|g+F P<0.05 9] el A8kt

Table 1. Sequence of primers and annealing temperature for the
PCR

Annealing Product
Primer sequences (5' to 3") )
temperature  size

TAA GAA CAG TTT GGG
CCT GA

Forward

60T 627 bp
CTG GCT CAC ACT CAC

ATC AA

Reverse
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2 o nE
Aol AXg HNFda T84 = <1
’d iAol 8%k JE8E sta, gh
% °Z4ZH TG BAY, AL IAEA ZHA E] E3t H
koA e] k& A EAE A 3FCH Argyrokastritis et al.,
1997; Lee et al., 2008; Yang et al., 2014; Woodfint et al.,
2017). ¥9t o2} ANF4a= A& UALS AdE fHA=
Handschin $(2005)& HNF4a 7327} 29 28 = tA}e}
A CYP7Al(cholesterol 7-hydroxylase)2] 2& ol o 3FS
Xtk Busk o, Kwon 5(2016)S o] 4219
g3} o] HRkE: o5 & e A AR L 5 U
i Bauskdch ole} o] Al X HNF4a 7141 Oﬂ—?
= oE ol Fo AR, HHte] AuA dATe vEE &
olt}. Sl e HNF4a 444 A7 % Ahmed ~(2015)f
LA At el wlotrth w2 st | HHOH
el A HNFa $737e] mRNA 2do] folHoz 58g
ZRISHRAAIRE, ofw g 7] 2] el F3Fe A=A =
A= ok
Silva 5(2012)2 HNF4a +AA7} Algke] A/ AgALE %
At Z<tste] SA|o] A|HuiAtel AdE v ] Rl
L3l gl 208 G Ao X3+ HNF4o 7A€ inrton 6
2ol 9]1x]3 SNPE PCR-RFLPZ ©o]-&3to] B3} 1, 3
ZF SNP2| o] &F& AS43GeElal WAL o] AyP=i-e
HNF40 5-AAF W intron 69 9123} SNP A543G7} <&
Aol @rigd Bl B3 A o8 Adde] e W
Wt} T3k Choi 5(2016)2 3= Al Al HNFo 4
k] A543G SNPS th/d oz AAIA|Fo A 40538 A|Z7t
2] fold Aol J5S Hudte] HNF1a A7) &=
AN AF3 B T8 A2 A 2ZHeEE S

el 20
XOH,H BAA 9 7]

_|[m ri

ol
o]

A0 ]
=
=X
°

FU

4%

—
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< AALEATE SRR Silva $(2012, 2013)2 729 bpe
PCR 5% 229 A7]9} Algtg il B3 3 HRE #8319
31, A543G SNPof| thgh g gket /X5 HAIsHA] &Skt o]
F A=A AE dFe 2 3 Choi 5(2016)2] A=
271954 3}9} NCBI database2] 13 HE 7|Hlo 2 3]
729 bpe] FEAMES] =7) 9} A|FFE A o8 vehd A
o] dol& A|-F3IATH185 bp, 544 bp). AT+ PCR-RFLP

AW AR FAmA Y] Fee x5 tets]
o= oEEo] AUAUTh

2 AFX = HNF4o +37ke] F3 71934 =
Al 12852 Al Al DNAZ o] &3k o, 17702 A
57} PCRO oJ8l] SE=A] o 1117]¢] A 55 o] &3}
28 AgPsldet. A MolAl(Red Jungle fowl, inbred line
UCD001)S thatoz EA¥ NCBIQ dlo]Eluo] 2(NC
006107.4)°ll 2J3tH o] HNF4a FAME<] 5,566,470~
5,567,006 A 71 E <kl &= 21701 SNPL] A7} 2
DA A, = AAE e T A9 97
AMa #2423 ghAleiAle] A7IAEW A 14709
SNP7} &A1& 891381 th(Fig. 1, Table 2). 7]&o]| E1H
SNPQ} H w3t wl, NCBIJoll 554€ 87 SNPE &<l

P ogllen, 1719 7 EuEA] e AjZE SNPS
Zis}MD}. olZ gt e T FHA YA|dA HAYsH=
SNP| ztol= k= AfefAlet AR F17 Aol
7101 Zlom AlgHM, ol SHYAE dder 7]Ed
AR A 7E gl Al o] AAEAE Sl gk
F7E 71de PR £ T Qe e AlAeE Ao
2 g=AlEfA o Ager v e ey
sk Hheo|th

= Al A543G SNPE] §iA|gtets flaiA A=
o] A ZH primer K&} ATEA 2e]S EHE SNPY ¢

Jo olx
& 94

5 ’*{ Exon 6

2FOD6ST9CL ST D L (6F7) 9 uonut

79064 10%L 51 2]
69LSTHTE ST
TI906SETE ST >
*LSOIVTIEL ST
09L8I88EL ST >
QLYLYGSEL L
EPROCSPIL 81

sl
> 8
=]
3

SOREENPEL ‘
v
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9TTLIRIE ST
TPHPOSTE ST

TLOOSTETE ST

Fig. 1. SNPs were detected by sequencing in HNF4o gene of Korean native chickens.
" SNPs that showed to have a significant association with body weight in Korean native chickens.
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Table 2. Information about SNPs detected in sequencing region
of HNF4o. gene

SNP ID Allele Ch;(;:ilz:lme in II-;I(\)/;?;Z)I;ene
15740179062 CT 5,567,055 intron 6 (206)
1s314257469 C/T 5,567,041 intron 6 (220)
1rs313590611 A/G 5,567,024 intron 6 (237)
15736159604 G/A 5,567,013 intron 6 (248)

intron 6 (249)

e 5,567,012 intron 6 (249)

(new)
15731249757 T/C 5,566,970 intron 6 (291)
rs738818760 G/A 5,566,941 intron 6 (320)
15735947670 A/G 5,566,854 intron 6 (407)
rs314530843 G/A 5,566,759 intron 6 (502)
1s312877379 C/T 5,566,648 exon 7 (101)
rs318172626 G/A 5,566,639 exon 7 (110)
1531564442 G/A 5,566,627 exon 7 (121)
1s313256932 G/A 5,566,600 exon 7 (149)
15734433865 C/T 5,566,573 intron 7 (20)

25 FH5t g F-919] A7IMLD S FRlg A, SNPO]
NCBI dle]Efuo] 2= oA 2] A543G SNPE| ©] &2
1573124695709, Y1X]E 5,566,970 1, 3l SNPS] 7
A& 19} C2 YT Silva 5(2012, 2013)2} Choi &
(2016)°l14] SNPO] 3232 A9t GE #7]¢ 212 NCBI

Al
A

e

o] HNFdo 5732 9471949 HENC 006107.4)7F 24371
o2 AFgHe A 1913F Ao 2 ALE ™, SNP database
(db SNP)oIM = F7MgsS 7o 2 7|&e a7}
HolE F33ly] vl T C2 vehdt) webd A543G
SNP-2 =9] 2081 AAA2] 5,566,970 4] G714 Ll 1]
st Sl X1 HNFa 21219 intron 62 2497 7]
Fell Y218k, T/ICE o] Foi%l 274 alleles 7FA Al €Tt

18731246957 SNP= a=Al2]A WollA] TT §-4AF8 o]
TC % CC FA o vlaf A% 27158 40727 A
o] A velsten, TTd o] cCell Blal <F 1.54) 7}
=22 AT T7E Blvda Baud ub gIth(Choi T,
2016). ©]#e ATAIE= 15731246957 SNP7} < 2fS-A ¥
ofyl, Al Al E YR o Al EAmAR
A &8d F AdeS AlAREE HholH, Al & B35t
A%t B AFATANME APATet FARE 041 1l
2 A S AdS ol A A AT &
Ze 4 SJATKFig. 1, Table 3).

Silva 5(2012, 2013)3} Choi 5(2016)°l 2lal <25
A g A Ae] SHEAT] dA¥de] HuEUA
157312497573} 223 bp Azl YXI3 5736159604 SNP=
AP =itsolA Heol BAZAAS] oug AR E He
AA] A SNPE & /o] Choi 5(2016)°] =]zl
Al tde] AgEd S v R Busld 1731246957
SNP} FAFSHAl WEFSATH(Table 3).

T3} 13736159604 SNPL| S48 o uhe} A A ZHE
4077 AS7HA A AL A A2 Bt He] AlSol
BARCE Foulgk ztol7h vehv= AE <13

| 7
O’tzé

Table 3. Genotype frequencies of SNPs on HNF4a gene in Korean native chickens

SNP Genotype frequency Allele frequency
TT TC CcC T C
15734433865
0.74 0.25 0.01 0.86 0.14
GG GA AA G A
rs313256932
0.66 0.31 0.04 0.81 0.19
GG GA AA G A
1531564442
0.51 0.42 0.07 0.72 0.28
GG GA AA G A
rs318172626
0.74 0.23 0.03 0.86 0.14
CcC CT TT C T
rs312877379
0.74 0.24 0.02 0.86 0.14
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Table 3. Continued
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SNP Genotype frequency Allele frequency

GG GA AA G A
15314530843

0.49 0.35 0.16 0.66 0.34

AA AG GG A G
15735947670

0.82 0.16 0.02 0.90 0.10

GG GA AA G A
15738818760

0.74 0.23 0.03 0.86 0.14

TT TC CcC T C
15731246957

0.57 0.17 0.26 0.65 0.35

CcC CT TT C T
intron 6 (249)

0.95 0.05 0.97 0.03

GG GA AA G A
15736159604

0.57 0.17 0.26 0.65 0.35

AA AG GG A G
1s313590611

0.33 0.51 0.16 0.58 0.42

CcC CT C T
15314257469

0.46 0.27 0.27 0.59 0.41

cC CT C T
15740179062

0.95 0.05 0.97 0.03

(P<0.001)(Table 4). 15736159604 SNP2| GG FAAd 1&
o] AFol GA, AA FZAAE 5ol vlal] YA AFHE 40
T AT FelotAl =& #AFAE FAlsH, dA AF
|71 5 2F 6 gollA A 1,700 g7HA] =4 UElsith &
3] 40577 AFlAe= GG A L] AAFHAE 1
FETH oF 188 2 AT HSAE Holw, AFS7| te] &
OJAFE 15736159604 SNPL] 512 o] WhE A S=0] x}o]
7FAAE Ae AU 5 QIS Table 4). ©] g At 7]
Eo] HAPAFENA AFHe] Aol HeAA B
15726159604 SNP7} 710l AT7E AW 15731246957 SNP2}
A=A A oA AAAFT D FA e 2 A
54 viAR &8 5 IS Ao, AgAle] A1 A1
< =ol7] g A F ST A3 A viAR &

-

= U
T 98 Acg Algdr}
B Ao HEz=2 T3 novel SNP2 He 200 <A
A 7€) 5,567,012 bpe] 71l EA8HH, o= HNF4o 3
Z}2] intron 672] 249 A A7) dFetet. wEbA A4t

WA 3 3 SNPS- ‘intron 6(249)’2}al 3153t NCBI

(.

o] dglo]ene] 9] reference FO.2 AA|E ZAMofAof] &
AekA etk A2 A" SNpE 2 Her) va A
o] AMg-E Al ol A= hetero® (GT)RE 1] 21K Table
3. F A9l asEte) A4 frenge geld -
UATHFig. 2). olH g A2 SNP| thek HH= gk Al
gAS) G074 7% ARz guE AHe, B e
A AN Fokste] FEARE AT Bask gdrku A}

=9},

AEH O R HNFio 7= d=AefA 83 A
H FH{AARA 157312469572 15736159604 SNP, A| =
o] BFAE SNPQ! intron 6(249)2] 54 S-Hx}d o] Al A
o] AAAIZE D FAE A5l Fol2 ABAdE Kol vl &

= AefAle] AARE NFE A AT FFol 83 7
HA v =M 28 7?‘*%‘ Aolw, & A4 d3= #8s
of ALl A Adel o] &3 AeHEFTOoR o &

= d=AAAS 913}1 At o] A s b 53}
B A8 N 5 e T4 Aidel] =2l 2 Aozt &
e
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Table 4. Body weights of Korean native chickens according to genotypes of rs736159604 SNP

Body weight (g)

Genotype
Birth weight 2w 4 W 6 W
GG 45.38+4.97* 199.52431.40° 461.86+74.04° 835.49+139.94°
GA 39.36+3.25 133.47+13.65° 296.47+39.69° 494.37+53.00°
AA 38.95+3.89 132.60+11.23° 289.30+34.68° 483.20+41.44°
8 W 10 W 12w 14w
GG 1,164.88+182.77 1,527.474235.93" 1,952.65+276.75° 2,217.63+321.62°
GA 688.0066.60° 938.95+68.84° 1,163.26+80.68" 1,280.95+93.36°
AA 649.7051.48° 907.60£70.58° 1,137.00+71.94° 1,265.60+80.58"
16 W 18 W 20 W 24 W
GG 2,346.20+361.48° 2,555.21400.85" 2,798.33+447.83" 3,175.314448.04°
GA 1,404.21+116.64° 1,533.00£115.71° 1,536.324217.82° 1,876.37+198.69°
AA 1,403.30+128.75° 1,503.60+117.69° 1,549.30+126.51° 1,849.90+148.59°
28 W 2 W 36 W 40 W
GG 3,235.63+427.70° 3,243.39+476.47 3,303.27+521.93" 3,796.73+605.96"
GA 2,005.68+176.01° 1,968.53+79.08° 1,919.79+144.23° 2,166.63+18.09°
AA 1,940.50+104.13° 1,910.40+76.82° 1,876.40::64.00° 2,071.90+31.31°

Values are mean+SD.

W = Weeks.

*® Different superscripts within columns are significantly different (P<0.01).

ht (g)

o
1=

Body wel

2,000

1,500

1,000

500

4 6 8 10 12 14 16 18 20 24 28 32 36 40
Weeks

Fig. 2. Variation of mean body weight according to genotype of intron 6 (249) SNP.
" Indicates significant difference between genotypes (* P<0.05; ~ P<0.01).
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HNF4o 572 1zte] AA 5 9 tialel] #ofsle
b AARIAZA, o] A SA o HHE A SR
AR ettt Aol A BaE HNFa 5734 Ul
AS543G SNP-2 <] SAET oYz}, o A9 Fd4
2ol & 7= g Al BAIA T ATl o4
AFGS Bl vl glon), dlF sSNrPe] I3 $AE B
H ul gty wEgbd B AP E sequencingS E5H]
A543G SNP2] &3t 91X & wlelslal, AS43G SNP2|
W 59le] b= AfAlY] AHSE - foF Bl e
SNPS vtetataia} 3l th Genomic DNAE 128579] 3=
A L] G2 o] &ate] FE3H3 2™, PCR ¥ sequencing
o] AL&= At Sequencing A}, TZH ] UlollA F 1471
©] SNP7} &A= o1, o] 3 HNF4a S-AA] intron 4 4
ol 71&Eel] HuEA] ke 1709 M2 SNPE 5
t} geld 14702] SNP % 157312469572 157361596047} A
AL YAA G F ATl o2 A (P<0.001)= K
Atk 157312469578 F2l 20 FAA Q] 5,566,970 7 o]
AAE, dP =l A Aol dddol B A543G
SNPQl Ao g gRlslon, 7]&e] AAztel fAE 4

HE A5 F Uk v AP =FolA] He| A
Fho] AFAdo] Huw A & 15736159604 SNPE= GG -
=

AR 250 GA, AA FAE 15| B8l TEd] =2
Az ASAE Blon, 53] 40799 AT v 74
248 el vlsl] <F 188 =A #SEACE Wk oy}
Al @43 SNPE| T alleles 7HA&= AlT©] G allele= 7}
A= ATET oA 158 Hole AE &<l
ol webA 2 AFARE Al AP dT A
FHRFAAZM HNFdo TA29] 7|2 BE Al FstH,
g AR 5% ©ddr]e Wolrt A AlF #d
A vAR F88H &8 7ed AS AlAR

-0, @
ol
o

AL AL

2 =F2 Golden Seed Project THAIA(IA W&
PJ0099252016)2} 2017A% ZFAthetw tgks] A ghad+=
AR FYPEAFH T
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