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Single Nucleotide Polymorphisms (SNPs) Discovery in GHSR Gene and Their
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ABSTRACT Recently, it was reported that certain polymorphisms in the growth hormone secretagogue receptor gene (GHSR)
are associated with the growth of chickens. However, the correlation between GHSR polymorphisms and economic traits has
not been investigated in Korean native chickens (KNCs). Therefore, the objective of this study was to confirm the suitability
of the GHSR gene as a candidate for genomic selection and identify a genetic marker for KNCs. A total of 220 KNCs from
six breeds raised at the National Institute of Animal Science were genotyped for the ¢.739+726 SNP in the GHSR gene using
polymerase chain reaction- restriction fragment length polymorphism (PCR-RFLP), and the sequence for a subset of 30 birds
was analyzed using direct sequencing. The association between the SNP genotypes and the economic traits of the KNCs was
analyzed using the statistical package for the social science (SPSS) software program. The association analysis between the
¢.739+726T>C SNP and economic traits revealed that the SNP was significantly associated with body weight at 150 and 270
days (BW150 and BW270, respectively) in all KNCs (p<0.01), BW150 in KNC (Gary) (»p<0.05), and egg production number
in KNC (White, p<0.05). In addition, the SNPs discovered using direct sequencing (513A>G, 517A>T) had a significant effect
on the body weight and egg production traits (p<0.05). In conclusion, these results might be useful as a basis for studies
on the improvement of KNC breeds. Furthermore, these results suggest that the SNPs (c.739+726T>C, 513A>G, and 517A>T)
located in the GHSR gene could be useful molecular genetic markers for KNCs.

(Key words : GHSR, Korean native chickens, SNP, economic traits)

N 2 Al Als o 7IZE o frHAke] EYe] glo] 1

EA0E w0] oFAl & A a7t IR ARSEo] $

19709 % 4ol o]22] F&ZIEH 4kt =Y SF4ta)st 7] wiEell i 71del o8 2bs e 4beks flete] A
A2 AA S BEF A GRS 9k o] 71A] AL o] A vgl Fe FFET eSS Bt o]
A= AP, 7 FTteA LR E ARSEY ) £ SES7] Qg wete 2 AejAle] af Ak BE
HAE FHFH BAS 7o R gHEg o, o]Hg = I NS A 71ee] HaAo] diFHa slon, ol &
ol oal] gmAlAe] AMSS Stk FAIE EA g 71&e] utat 54 5 A EAS fASHA Ee
(Kong et al., 2006; Choi et al., 2016). AFET AHES MG Blo] FFH R Al AL Al

" To whom correspondence should be addressed : sjlee@kangwon.ac.kr



274 A=

A3 7S Eole 240l 2 4 3l& ZleItHZhou
et al., 2005; Choi et al., 2015).

Kim et al.(2013)2 2| SAIE o= Hol 4h5 9 b
S AT Aol Belzl @ FHat ol 437H§— B39
o} ol# g AFA NI A AN 2 IS mA|
<A Blashr] gl AA et oM HSdde] Bes
i Hojzit

Growth hormone secretagogue receptor(GHSR)< NPY/AgRP
neuron®] presynapic neuron®| 9|3} Ghrelin T2} 3%+
28 BH| 2252 (GHS, Growth Hormone Secretagogue)
o] Agsh= s8Ao|th o]2]g GHSR &A1& ¢sstehe
GHSR 7= 229 ¢, BAATI 67/ LE" o dd5A
T AdE o] dvte A7A¥ Bad vl gl e (Zhang
et al.,, 2009), ¥ 7%, 9 Aol x5} Ghrelin(GHRL)
717}, insulin-like growth factor 1 receptor(IGFIR) 53} &
o] 7% AR A L 2-ste Al F R delA 3l
THJin et al., 2014).

S GHSR 7= we] 44343 dad F5 k=
A ol tigk T 4713 d(Single nucleotide polymorphism;
SNP)#} 52 2ke] 4F)-A 2 (Insertions and deletions; INDEL)

H| 323k 2k Wolo] tigh B Oﬂ?ﬂ T3 = ATt Nie
et al.(2005)2 GHSR F-AAE Edsle & 12719 &1 &
ZAFZ Leghorn, White recessive rock, T aihe sikies, Xinghua
ATS oz BAE9 o, GHSR 534k F-9l¢l A 107)
©] SNP#} 1709] INDELS H.113}it}. Fang et al.(2007)<
Nie et al.(2005)°] B33+ GHSRS] 8 bp INDEL(CTAACCTG)
I 5o A B AR AW ARkl Basith

3 Fang et al.(2010) W2 AJ7o] 5320 White rece-
ssive rack(WRR)¢} =2 Ezrgo|n, 7] Bl Xinghua
o] F, w55 tIA S 2 Nie et al.(2005)°] 213k GHSR
Axp el 57§l SN we] A 3t mAl g A ko] AuA
= ATelth ©15 B3l GHSR F73Ak<] ¢.739+726T>C SNP
(rs14678932)] T2 28U, 90¥® AT 2L /& T
(breast muscle weight)¥} =35 (carcass weight), 732 A A
3l A S(eviscerated weight), 512 Th2] S (thigh weight)Z}2]
Aw/gol lrkar Hugh uf vk & Aol 4= Guangdong
Wens Nanfang Poultry Breeding Co.(China)2] T AE(N202,
N301) WAl GHSR 32k 74l 470 SNP(rs16675844,
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SE8E, 4947 7047 AT Aol e HoE Hudh

AthJin et al., 2014).
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2J3)] B9 primer g+ 2] £A)E NCBI GenBank(Accession
#NC_006096.3)°14] &R1gh & Aol o] 85ttt Al o]
2% primer % E= Table 19 A|A|SIAT}E PCR S-S $13H
ukg-olo] 2412 genomic DNA 50ngS E36h= i-star Tag™
DNA polymerase(iNtRoN biotech., Korea) ¥F-Z71-& 1
3tk PCR WHg-2 Veriti® 96-Well Thermal Cycler(Applied
Biosystem®, USA)Z o]-&3}o] ofn] 718 94 Col|A 383 5=
Y3 T 04T 45%, 58.0°C 45%, 72T 159] WhS-3b4-S- 353]
HHESE OF, vpx] et 72TollA 1088 0] PCR WS £8
stk SEo] #34¢ PCR WHg-4HE2 EtBro] H7HE 2.0%
o7tR @ A A A7 E F UVddA SENE ARE
ZRlskith
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Inc, USA)ll B-E-A1717] 918 vl 202+ 10 pLo
PCR 5Z4F23} Hin6l #|3FE 4 10U, 10x FastDigest buffer
2 pL, nuclease-free water 17 pLE 7 #Fate] #HF8-Fo] 30
WL7t H 25 et o, o] WhE-NS Hin6l Algtaie] &4
25291 37CelA 5E3F BASHATE AgE A hE o] F
DNA Z¥e] 3 gRlsh ] flalAl EBro] 71 2% aga-
rose gelollA] 71952 AAIste] UVAAA fdAd S &
stk

4) 7ML &4

A7 A AGAA AFH FredS KRl ¢.739+726T>
C SNP= 23Fsl= GHSR f7d7ke] 1 IEE F-919] 947
ME 245 A% primer 29 Table 1] £713I59th &
<] Primeri= GHSR 312k] 815 bpE 5% & Al =
hERlom, 47149 4= 913 PCR 212 BIO-RADA
2] DNA Engine Tetrad 2 Peltier Thermal Cycler& AH8-3}1%1
o) ez g WA 94T oA SEIE du) 7t Fo)
DNA WHA2% 94Tol|A 30%, L% 62.0ColA 30%,
AL 72ToNA 4025 F 3538 vHE3l 1, o|F 72T
A 7% Fo] PCR ¥H-g-& FE3IGUTE PCR W8 Ald]

ZZo|| AFREA] 22 nucleotide} primerE A AStL, =
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2 FEAES A7) $lske] PCR ¥Hg- A2HE-E Millipore
plate MSNU030(Millipore SAS, Molsheim, France)E ©]-&3%
o] AT BigDye terminator v3.1 sequencing kit(Applied
Biosystems)®} 3730x1 automated sequencer(Applied Biosys-
tems) S A&l FAE SEAEC e G7IME E4 S
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3. EAEA

GHSR A2} ¢.739+726T>C SNPS ¥33F (7|4 d &
A& B3lA Bl 117He] fAbel o gkl Ale] Al
% 2 bgeete] Add BAS $13ked SPSS version 22.0
Z2a9E o] &dle] Y AL (one-way ANOVA)S =
gatlom, FAA Fold2 p<0.05 FEA HF A

-
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1. ¢.739+726 SNP2| RFLP &l Zol

PCR T-Z,H=ol| Hin6l AGtE s A 2lste] SNPe] 3
2% 8 RFLP sj§l9] Zjo] & RISt TT-HHAE ] 7
-, 536 bp2] 17]9] Wi=r} FRI=Ql o, CC A8 <] 7
%343 bp, 193 bp2] =717} & 27)2] Wi== hetero B}
ol TC A= 2] 79 536 bp, 343 bp, 193 bp2] 37] W=
2 Ui, §3Ag ] w2 7195 d2ke] Aol & gl
F A THFig. 1).

2. ¢.739+726 SNP2| R¥XY EA4Z1}
S Al 220522] ¢.739+726T>C SNPS] 2412132
A5 Ak T g fdAke] MxEE 0.80, C thE 42k
TE 020009, 22| fAAr o] RIEE 0.72(TT), 0.15(TC),
0.13(CO)2.2 BRI= AT tiF-Eo] AefAlBolA TT 3
28 o] MEr) 90% oldez A Uehgoern o ZA )
KNC(Gray), KNC(White)°l|4]+= heterozygosity 2} CCH-7ZA}
o] Wm=r}t o2 Al vls] ddld ez A4 vepdeh 7t

Zvel Al digd-dxke] Hlw g {3218 HI=E Table 2

rZoMe

Table 1. Primer sequences and fragment size for genotyping of GHSR gene

Primer name Sequence Size (bp) Annealing Tm (TC) Genotyping method
GHSR_F 5'-CCCACAAAGTTAGCTGCAGAC-3'
536 58 PCR-RFLP
GHSR R 5'-CACCTCTCCATCTGGCTCATT-3'
GHSR S F 5'-CTAAGCAAGCAGGGTGTGAT-3'
815 62 Sequencing

GHSR S R S-TCTGCATGTTTAACCGTAAGG-3'
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Fig. 1. Genotype profile detected by PCR-RFLP method for the
detection of a ¢.739+726C>T SNP of the GHSR gene in Korean
native chickens.

Table 2. The allele and genotype frequencies about ¢.739+726T>C
SNP within GHSR gene in KNCs (n=220) and each KNC breeds

Allele frequency Genotype frequency

Breed n
T C TT CT cc

Ogol 34 0.53 0.47 0.38 0.29 0.32
Black 40 0.99 0.01 0.98 0.03 0.00
Gray 30 0.33 0.67 0.17 0.33 0.50
White 37 0.86 0.14 0.78 0.16 0.05
Red 40 0.95 0.05 0.90 0.10 0.00
Yellow 39 0.96 0.04 0.92 0.08 0.00

Total 220  0.80 0.20 0.72 0.15 0.13

ol AASFAT.

Fang et al.(2010)©] White recessive rock(WRR)Z} Xinghua
o] wHiFS YR TY FdA; Holo] kol gk 4
2GS BT =l AAE Al AR Y] RiEE 0.67
(TT), 0.32(TC), 0.01(CC)E TT +HAFE N7} $Asitte
Helld & AgZdztel fraketu, AeiAle] b 327
AePA AAEt 124 et

3. ¢.739+726 SNP2| XXl A& nte| ozt
HEN

AA S=ANA AeHn=220)°14 z+z}+ 1504 % 7} 2702
Holl A% A Fo] ¢.739+726T>C SNPY] A =}a ol uje}
EAA o R golnldtk 2Ho](p<0.001)7} U-S-S BHelstyl o,
TT 32 0] CC F2A Gl Hl&l] 254 o] =2 A8

ey 7/4\'5
gttt vk, Algel weba R Al 2 Ak
A 7he] ABA Aol 7k ebskthTable 3).

A g gl o8 TEE 6719 ATE FAEA
ol & KNC(Gray) FHn=30) HolA TC +42+8 #
o] 150¢€ %, 2704 AF Hite] T2 F homozygosity(TT,
CO)ET =7 vehstom, CC #3A3 159 Fdivte
TT 3248 159 Bae] =4 vebdka, ol=dh 2153t
o] Azl Hite] Aol F9H o] Atkp<0.05). AR ok
2 5459 AdAT Wl E ¢.739+729T>C SNP} Ee
Aol ABFE AT 5= glATHTable 4).

HhH, Ak A Ibe] GHSR SNP2| A2 7he] A#A]
EAAT= A QA Fd Hell el frelFd Aol
A & 5 glleH, KNC(White) Al&oll M fdAtd 2t el
chkEote]l AR g1 F UATHP<0.05) (Table 4).

A Wl A T 720248 ] 437l mxl= &= Fang
et al.(2010)°l] ]+ White recessive rock(WRR)Z} Xinghua2]
F, wHlES oz Fad JdAT Aol fARH T
ARG o] ¢ FAAGET 22 JPELS EHAATF Fang
et al.(2010)°l &Jg+ A3}ef vls) TT FH2E 3 CC 44
o] zpo|7} ¥ AA YERSTE Jin et al.(2014)0]] &]3F =
SE3|AF Fefle] 27159 S, N2029F N3019] wulE-<
do@ 3t FY fxAk Wl gt AdAv= Aled 4
oA 2] KNC(Gray) el Axtel fARH, CT 413
o] th& F homo Bt el FAA @ o] Hlal] SA o] Erin
Huslek o]’ gt uhal ARt 2o
7} el Z& SNPol| 9|8t 837} F3te] Aol & 714
£ Ao 7]ete Ao Algdr) thut B ARANS ¥
3t 37l0] AFoA] FEH R CC 10l e T &
A B} v AHSE/d S YERITE Oh et al.(2009)°] <]
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Table 3. The results of association analysis between c. 739+726
T>C SNP genotypes within GHSR gene and economic traits in

KNCs (n=220)
Trait BWI150 (g)' BW270 (g¥  EPN (n)’
(AVGS.E) (AVGESE) (AVGHSE)

TT 1,852.78+22.30° 2,167.22429.76° 91.82+1.43
7394726
¢ ToC CT 1,776.32+41.08 2,043.97+57.70™ 88.09+2.69

CC 1,645.89+33.89° 1,846.25+37.88° 86.46+2.31

' BW150 = Body weight at 150 days of age.

2 BW270 = Body weight at 270 days of age.

3 EPN = Egg production number at 270 days of age.

** Different superscripts with in columns are significantly different
(p<0.05).
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Table 4. The average and standard error of each genotypes of ¢.739+726T>C SNP within GHSR in six breeds of KNC

Breed
Trait  Genotype
Ogol Black Gray White Red Yellow
TT 1,627.31+ 8222 2,042.18+40.34  1,701.00+119.84™ 1,619.83+ 3541  1,962.64+ 41.17  1,827.92+ 31.13
B\E)SOI CT 1,719.00+ 81.54  2,060.00+ 0.00  1,836.50+ 53.02* 1,562.50+ 38.44  2,002.50+131.03  1,798.33+164.17
CC 1,747.27+ 52.42 - 1,613.33+ 32.33°  1,332.50102.50 - -
TT 1,894.62+ 94.95  2,320.00+49.77 1,886.00£155.20" 1,781.72+ 46.86  2,380.42+ 5538  2,236.53+ 43.40
BV;/g2)7 o CT 2,057.00+£100.27  2,340.00+ 0.00  2,023.00+ 64.47" 1,685.83+ 71.12  2,480.00+203.82  2,106.67+168.43
CC 1,986.36+ 54.87 - 1,779.33+ 39.27° 1,577.50+ 32.50 - -
TT 96.46+ 4.85 91.64+ 2.90 82.40+ 2.01 93.48+ 2.81° 86.39+ 2.56 9575+ 3.72
E(l;l;? CT 90.00+ 3.75 67.00+ 0.00 86.10+ 4.41 73.83+ 7.01° 102.25+ 4.13 105.00+ 1.15
CC 89.55+ 4.43 - 8447+ 2.85 84.50+ 2.50™ - -

" BWI50 = Body weight at 150 days of age, > BW270 = Body weight at 270 days of age, > EPN = Egg production number at 270 days of age.
*® Different superscripts with in columns are significantly different (p<0.05).
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Fig. 2. Single nucleotide polymorphisms within chicken GHSR gene detected by direct sequencing.

Table 5. The results of association analysis between SNPs (513A>G, 517A>T) detected by sequencing and economic traits in KNCs

Genotype n BW150 BW270 EPN
AA 5 1,492.00+99.49* 1,611.00£130.26" 69.60+ 8.70
513A>G
AG 3 1,370.00+18.03° 1,561.67+ 17.40® 72.00+17.06
GG 21 1,927.14+84.36° 2,151.43£112.95° 87.86+ 3.41
Genotype n BW150 BW270 EPN
AA 1 1,415.00+ 0.00 1,520.00+ 0.00 81.00+ 0.00
517A>T
TA 6 1,450.00+86.93° 1,604.17+106.41° 66.00+ 9.61°
TT 22 1,905.68+83.24° 2,126.14+110.62° 87.82+ 3.25°

! BWI50 = Body weight at 150 days of age, >

BW270 = Body weight at 270 days of age, °

EPN = Egg production number at 270 days of age.

*® Different superscripts with in columns are significantly different (p<0.05).
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