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I.A #

AFEs dEFY Al Fdssol 1o 7159k Agd 2ol Fof ®

of Agd wom F delA vk AFEY oA AFwiel eaea

E
AFvks AT FAadAd ez Hrhyan ivkAF5, 2002).

AFANA el A%/ FASAE ot SHANRE LAt GA
Agslel & Ao FARW gk /12 5w wg A% @ kel
AFEe B AAsa, FEY 24012769 Faw 16077t B vt
ek WA @ kRt wE M 2AAVAA 2~3EF . @sd
AFEY A% ARG 6258 ACWA FHA HUT, 71 F 571A
M B RS MAOR wiAe) o] g7t B Wol el wel As L)
19601e] 12,0778019% w57} 19869l 134782 @AAsHA gadgth 7 F

AFEIAE sdsel s AFE nEe] "ol AMHAT, AYE B4
o4, Ad Sudd 1 24 AAsel 19869 WAVEE AMTE
ARSA AT 19904 o] F AFvL B ks Auhe] ol SHWA ASTE
Al S71RAE 1el7) AR

AFVHE FARBAUE AFE sto] wwy HBel o=yAH e
$EZ ol g, 58, 48, $U, 28
sgo) BAEQ @), 1S, me, 9w, @ 5 g $RE A
aq AT e

sol = &8s a 3l

a9 dmbeA Al sul Aup upAEe] T
(AFE, 2002; %9, 2003; A€ =], 2007).

AFvbs JREvtel nls] AFa AFe] FolshA e Had w2 dHA

ARG UL g AsA Ho) W &F AT
=71 A = RAT ololl AFwt BEO AAZAR T2 BRSHA HAa L A
=1

=
000801 FPFRIE AFEZAAFLS EEHoR AR $EANE



AlEFHAl HRAtk W8 2029 R = o E deHal e AlFet AlFA vk ol A
BFvEE o857 AlESHHA AbsEE thA] SkskaL sl Aol

AlFvke] A3 Aol #Este] v dnarh e (A" F, 1991
T, 1991, & &, 1991, YYEE, 2002), 744 54 #AHEI} A= Kim
5(1999)3 Yang 5(2002)0] 293 mEF =g o} DNAES o] &3 AN 574
3k A9 Kim $(2002)°] 3k AFrto| A9 transferrin geneol] T3k <
ofgloll= Zolu |7t FEArEk F3l AFvhe] AFA 19 AEH AAAA
AT 2 (Growth Hormone)d A&AZ 2R 24 (Growth Hormone Receptor)

TRkl B4 A= Bard mbrl it
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I. 7 A

1. A5 25 -4 A (Growth Hormone Gene)

A% 22 (Growth Hormone, GH) %+ somatotropin(STIH) S 191712] o] &

Mo o]Folzl 4e WMARA HeEA TPl 44 H E(somatotroph

@]

S,
2
)
i
o
2
0
i
=
N

} ¥+ single chain polypeptide hormone®] t}. A %5
222 Wi st A=sr4 7)e Az f3, F2, AR AL, Wgxd g
A7) s T)el - AFHgl dEs e AL YA i I HGluckman

Z A
o

Fl

=, 1987; Kelley, 1989; Gertner, 1992; Breier %, 1998). AH T =2 &L 4

I A S Skl e £ddua Bad vk 2 tk(Strobil ¥ Thomas,

1994)
A7t gkl AdEnEas Ay AdE 7R Aoy HAEE(mhe)dlAE
=45 Aol AdHa dagse] 54 Hael vk 9o (Donahuest

Beamer, 1993; Zhou &, 1997), Ads=2#L 4

Nervous System) A& EoEvhe A7437F HaHd
Noguchi, 1991). Mcllwain 5(2004)2 A FA 52 &
2 Q8 Hel A, Al Al sdojA AEHom £t A& FIFE =

B33k v 9t} Charlton 5(1988)2 LewisvuH-AE o] &3 ¢lol|A] AFed 214 9

dl o
&
o
3
o
=
k=]
e
o]
o]
e

H
o
o3
}011
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al
BgEEEe Wexd B4d WAAE UgE A7z olFolgid)
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o,
o2l
fol
[
g
lo
N
iRy
rlo

Elvinger %(1991)3 Kelley(1990)= %49} <17
WO A )5S AEFT Bt il LeRoith S(1996) o= 4 o]o] A
AT E2EL WAALY| TS ATt Ad744E Bkt Malinowski
5(1997)2 recombinant equine somatotropin(reST)¢] wo]e} AL o] 72
4, A, EFERY o] gl oA TAHA BHE JHA Svhar EaEskith

H2 3 ##Este] Breier §(1996)2 vhe-2ollA AT =0l A et

Lo AAEE JolAE A - A OR FI e vATa wushel),

R4



AT EE A A G0l vz Ay Ul IGF-1 =9 AAe] &5
5E T8 dAsHA SrhE S BT

ARZEE FAAY] 44 729 @Rste] FH(Barta &, 1981), &(Woychik
5, 1982), %(Byrne %5, 1987), = A (Vize2} Wells, 1987), Ab#(Fiddes %5, 1979;
Roskam3} Rougeon, 1979; DeNoto &, 1981), 94 (Kioka %, 1939), Y(Tanaka
%, 1992), vk-$2(Das, 1996), ¥ (Ascation-Martinez®} Barrera—Saldana, 1994)-2
Eo3 B2 FEAA A7IADEA ] o] FolxHt

Aol AASTEEN #HHste] By AT E Lagziel §(1999)2 o] ~Etd
Holstein #<%2] bovine Growth Hormone(bGH)ZE Single Strand Conformation
Polymorphism(SSCP)E o] &3] #2418 3t Ay JQEE M4 Msp I 599

GRS Rastgon, Fuud JRIF] dFe F= A9 A%} 9

$(1997)2 White Leghorn oA AHFZ2E 9E
o] F-9lo] tyge stgheHE S 16%7HA T ¢ lon AHeud =
=S =3 Hask vprr 9l Ip 5 (2001)2 Yzaszellow Wai Chow(YWC)

& I AHE e cGH A7]ALNA JIEE ol vdde skl
of AL ATEA MM F&3HA AFEE Ao E HALgE vprb lTh

AbFollA T E R ThE W B AR Afole] AdadA w4l ek &3}
wdS ALg3sle] AAEE Ayl G—AY] Single Nucleotide Polymorphism(SNP)-S- 29]
Aabeke] et dgks Zvlkar Bad vk JriDugt Bai, 2007).

ol e = EhlE v oA 9] Exjdeie} vlsssitial 1Ay 1o H(Thompson
5, 1992 Stewart®} Tuffnell, 1990; HessDudan %, 1994; Sticker %, 199%), A4 5 252]
A7IME HlmATolA] Buonomo 5(1996)2 Eih 4o fAV|AEe] 5% dAghtar
RIS 7

oAy A TEE FAA dE B2 A7t FYflE ol FoA L o

N
of
ot
o
N
W
poi
o
i
s
=
i
=
9
)



AT EE FEA FAAE AFEEE B Axe] Axdedna JAsEEg

xzsto] ekt el Als el Jjret fAAke] whEE B3 s AR diAke]
HEtE doIA sk @ Aol (Carter-Su 5, 1996).
FEA FAAY Age AHAzEE fFAAS A Q1
vhe- 2ol A A 5 S AQATAL dadss UElA dvar ware npt
ATHDonahue®t Beamer, 1993; Zhou %, 1997). AAs=2E F£4 FHA<
ol A (mutation) 2 18] AFs2E Eu|7|5S vu|Al#A Laron syndrome©]
UEbLaL A 7bsk Al dde Asldtkal Bard vk Avk(Kaji, 19987 Arman 5,
2008).

Burnside “5(1991)2 9 AAZ=E F8&A fdxe] A7|A Dol ®olAlE
o]

]
A, EAEE, ASE, FusddE #@wo]l )
Haly SHGe 5, 2003, Maj &, 2004, 2006, Di Stasio &, 2005). 53,
AT EE A FAAY 4HA JEZA UEhd A/G SNPE AT
Treol oA GAART AIAZE A AujA ez Qs Fa vhal
B g vk JtH(Sherman %, 2008). Qin 5(2007)= A 7}A] #%¢ A (Nanyang
cattle, limousin, galloway)el ¢lojA Az 2E F84 F4x29 exonl0
F-21el A 5709 dEds FSlsla, 1
BC 6709 A4 7k CC A4l /HAS AFo] 7 Aqvial Halgh
vl 9lth Zhao %(2007)2 Qinchuan cattled]A] SSCPE o] &3] AFAT =2

FEA RAA exonl0 PN AL Stk PARAR F043

A2 AA, BB, CC, AB, AC, 18] 3L

Aelel AT AR 4%, AB §AA49¢ e fa49d s
BAPA) 2 FFE Fu Qe FASAT. FaolAE PFERE 547



Ao geow, AFEEs FEA FAAe F2IYE AW @ vjgo]
= 9GS 71A 3L, PRLR SISN= Awhat dhviz Aibske] Q3Fs 7130

g w7k dok(Viitala s, 2006).

E7OAE 4AEEE £44 fA4s% BEd wast 99, 5719 49
(Belgian hare, Tianfu black rabhit, Great line of Zika rabbit, Harbin white
rabbit, and California rabbit)ol] 5] PCR-SSCPE o] &3le] AAT2E F84
FAAY] vdAds B4 Ay 2719 woelAl (C705T, C810T)7F Fel=dar,

e exgde J8S #rha Bad vt 9tk Deng 5, 2008).

olNY A 22 FE&A wAAd W dy= A2 HEol B2
A7k AEH ez JPsa ok
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DREE !

AFere] A AE 2 E(Growth Hormone)d A3 5 22 =84 (Growth Hormone
Receptor) A28 ® o)A (Polymorphism)&  ZAFSHZ] 918t AlFnt, w sl
Thoroughbred #&°o.2 F 386F< wdE& o]&sdtt. AFve AFTE
SRS YeNA SE - #EH A gl vHE R 1957929, AlFrheh Thoroughbred

#% wRvtE= 1115, Thoroughbred #F2 AFZU AMSH A= oF
FEO2 80571 ZXAHY. wiEe] DNA+ dforwiy FEIe FHAA

2) DNA =

g oz 5H DNAY F&S Miller 5(1988)¢] ol we} st A
o Il 1omd FH €L 5 Lysis buffer (155mM NILClL 10mM KICOs,
10mM Naz EDTA)E 93 478 (1,500xg, 108)8 & & FHES AAste
WHow A5 A o S REAom A WA g

AYS HAsAY. o] FHAFW  Extraction buffer (10mM  Tris—HCI,

e,

400mM NaCl, 2mM Naz EDTA, pHB0)Z F-HAZl 5 10% SDS 50ul,
Proteinase K solution (20mg/m¢) 100E 231 50C Shaking Incubatorol] 4]
24X wESAIZ T HEgo] YR FEW 6M NaCle: #H7lste] w23 E3hE o]

YRS A BEelE F o ogedA 5B WA F ARG,



AABFA 20T 70% ol&< 1nle ¥ 3k vortexing 0.2 Alg A 2d &
A4 ¥-2](10,000%g, 4T, 108)3to] DNA Hde AFA A7) o &h-2-8 v
LTE buffer (10mM Tris-HCl, 2mM Na; EDTA, pHK.0) 100E <31 DNAZ}
gald w7bx] FoglA wwksiedth %3 DNAE -20C WsH A3 HA

=]
F-=
A&l o]-g3kadtt.

2. ™A ZZ 31} Temporal Temperature Gradient Gel Electrophoresis(TTGE) &4

1) F4a# =259 primers A 2+

D) AFzZ=22 FdA9] 5355219 primers

AAET2E FHAS] primer AZHS 918 A7IAEe 2 AT 2E {02 Gene
Bank acc. no. DQ845297, 1923bp)el A7|AES 7]F=o 2 319 primers
A 2peL AT primer §-25-919 FE 58-S Fig. 19 299, primer 9719 %

%73 PCR AFE9] @A 7)= Table 13 72U},
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PCR regions

3y & exon3™ , ¥ dond
6734887 A1003 1203
A A : ; A

Primer 460 565 1689 936 | 1634 | 1826
binding sites 671 1013 1318 1917

Fig. 1. Growth hormone gene and PCR amplified regions.

Table 1. PCR primers, binding sites, and product sizes of growth hormone gene

PCR Binding Product

Name Sequence (5'—3") Tm(C) sites Size(bp)
GHF1318 ATGAGAAGCTGAGGGACCTAGA 69 1318 600
GHR1894  AGGAAAGATGGGTAGGCACTAGAG 1917
GHF490 CCACCCTCCATGTIGTITICICTA £5 490 900
GHR668 TCCCTGGGAAGCTTACAAACTC 689
ALF1 TCAGGATGTGGGCGCCTTC 565

66 - 372
ALR]1 TGGGCGTTCTGGATCGAGTATCT 936
GHF1318 ATGAGAAGCTGAGGGACCTAGA 56 1318 519
GHR301 CACAGCTGCTTTCCACGAAGC 1826
GHF671 TTTGTAAGCTTCCCAGGGATGGGT 56 671 343
GHR993 GGCCACTCACAGATCTICIGCT 1013
GHF302 CAGGAGCTGGAAGACGGCAG 50 1634 193
GHR301 CACAGCTGCTTTCCACGAAGC 1826

— 9 —
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2) A2 84 AR STE2599 primers

vt o] ARz as F8A ARkl i gz 29 a8

A= A7]= Table 29 2},

PCR regions

1079 | 1471 1610 Primer binding sites
1224 1477 1705

Fig. 2. Growth hormone receptor gene and PCR amplified regions.

Table 2. PCR primers, binding sites, and product sizes of growth hormone
receptor gene

PCR Binding Product

Name Sequence (5'>3" Tm(C) sites  Size(bp)
GHRF1079 GACCCCGATGAAAAGACTGAAGGA o6 1079 393
GHRR1471 TGCCAGTGAACTCGGATTGCTT 1471
GHRF1224 ATGCCAGCGACATGAGTGATGGTA 56 1224 287
GHRR1610 TGAAGTTGGCTTGGCAGAGT 1610
GHRF1477 CGACTTTTATGCCCAGGTAAGCGA 56 1477 930
GHRR1705 AAAGCTTGGCTCGACACGTGAT 1705

Collection @ jeju



(3) PCR wh&x7A AA

AR S22 93 PCRYHE-2 100ng genomic DNA, 5pM primer, 0.25mM
dNTP, 10X reaction buffer (with MgCly), 1U Taq polymerase(Bioneer, Korea)E
Aoskel & 20u09] vkl o2 PCRS 39l

AAZTEEN AR 2L FE&A A= HATAA SR HAAZ|IL 2
u} 92C-56C ~62C-72TCo A 30sec-30sec—45secE 3dcycled] wHSS 3 &
72CoA 1085 3% F 4CT=2 TR

2) TTGE #4]

A71M4d e 14 Ak THE DCODE™ SYSTEM (BIO-RAD)S o] 43}it
S o]-&3}o] Temporal Temperature Gradient Gel Electrophoresis(TTGE)
o] &3, TTGE+= 6M UreaEs #7F8F 8% polyacrylamide
gel [Bis acrylamide (37.5:1), 50x TAE (2M Tris base, 1M Acetic acid, 50mM
05M Na:EDTA pHR.0), 400402 10% Ammonium persulfate, 40u0
TEMED]o| A/ PCR product 3u0¢t 2u02] 2X loading dye (0.05% Bromophenol
blue, 0.05% Xylene cyanol, 70% GlyceroD)E 2 41¢] loadingdl¥t}. TTGE
A719% %% PCR products® melting profileso] wzhx] 52Co 4] 59T 9
Hez selon, 2Ef FUERE FHRx O AFEERA 1T/hre] £EE
AsA 71 A 1.25 TAE Running Buffero]l A 7A17F, 100V, 30mA, 5W A 719 %S
At A719% FolE Silver staning?d-S 3ol DNA wi=eo] tpgAd
21 aF it

I
A=Y
4719

o

o

_11_



g dgE Hols DNA =g Ad 5252 A7AEE4S 938t PCR
FEAES A AL F gel purification 3+ (AccuPrep Gel Purification Kit,
BIO-NEER)S- A* pGEM-T Easy Vector System (promega, America)S
o] g3lo] ¥lE o] A¢ld ¥ clonings 3. F8E F8°0=2ZF¥ AccuPrep
Plasmid Mini Extraction Kit (BIO-NEER)E o|&3l9 ®WEHE FE3% 3,

434 sequencing FAbell 9] Ete] AVIMAE BHlESith

4. PCR-RFLPOIl 2|3t SHAtE 24

1) PCR¥} Algh& 2 A g

2y ARz =EE FEA Ao fAdAE £42 PCR-RFLPY

Table 3. RFLP primers and product sizes of growth hormone and growth
hormone receptor genes

PCR Product

Gene Primer Sequence (5'=3") Tm(C) size(bp)

Forward OCTGACCCAGGAAAGATCTGACTCITAA
Reverse TGCTTGAGGATCTGOCCAGC

GH Forward CAGGAGCTGGAAGACGECAG 56 173
Reverse  CGACACTTCATGACCOGCAGGTACGIUEC

Forward GATGATGCACTGCTCAAGAACTACGEGGT

56 192

56 115
Reverse CACAGCTGCTTTOCACGAAGC
Forward COGGEOCAAAAAAACAAGACAGEGATAGC 56 174
GHR Reverse AAAGCTTGGCTOGACACGTIGAT
Forward ATCACTTAATATOCTTGGGGCAAAGGATCA
56 331

Reverse TGOCAGIGAACTCGGATTGCTT

_12_
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29 PCR-RFLPS <912 Tsp509 I, BstU I, BsiHKA T Al 7149
28 $84 Fdxe PCR-RFLPS] #4]¢]i= Hha

<
[, BspH I 7 7} 9] AlgtEA7F AFEH QAT

D Tspo09 I Alsta s g

PCR <3 AHE(GHF1483xGHR1661,192bp)  5ulol  2p0 10X buffer (No-1,
BioLabs, England), 0.5x0 Tspb09 I(5U), DW 1255 %3 65TCelA 143k

HEEAZAT PCR S5 5-919F Aldas AAF-9= vhet 2.

CCTGACCCAG GAAAGATCTA CTCTT AACTT CCCCTTTTGA ATCCTCCCTG
forward primer AATT)
i
CCTTTCTCTA AGCCCGGGAA GGGAAGGTGG AAATGGAGGG GGAGGGGAGG
GAGCAGCTTG CAAGTTCTCG GCCTCTCTTT TCTCCTTCTC TTCTGCAGGA

GCTGGAAGAC GGCAGCCCCC GGGCTGGGCA GATCCTCAAG CA
reverse primer

@ BstU 1 Agtas =
PCR ZZAE(GHF302xGHRI1806, 173bp) 5ulell  2u¢ 10X  buffer (No-2,

BioLabs, England), 0.25x{ BstU I(5U), DW 125uE Y3 60TCoA 143k
WS AT PCR S 355-919F Agas AdAF9+ a3 2o

_13_
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CAGGAGCTGG AAGACGGCAG CCCCCGGGCT GGGCAGATCC TCAAGCAAAC
forward primer
CTACGACAAG TTTGACACAA ACTTGCGCAG TGATGATGCA CTGCTCAAGA

ACTACGGGCT GCTCTCCTGC TTCAAGAAGG ACCTGCACAA GGCTG CGACG
CGlCG
TACCTGCGGG TCATGAAGTG TCG

reverse primer

@ BsiHKA T Algta A 7

PCR & FAHE(GHF1715<GHR301, 115bp) 5u09] 240 10X 4buffer (BioLabs,
England), 0540 BsiHKA I(5U), 0.24¢ 100X BSA(0.2%), DW 123uE % i
65Cell Al 1A 7E Wka A7 PCR S &F-919F Adas QIXF-9= et 20

GATGATGCAC TGCTCAAGAA CTACGGG G TG CT C TCCTGCT TCAAGAAGGA
forward primer G WG CW|C
T
CCTGCACAAG GCTGAGACGT ACCTGCGGGT CATGAAGTGT CGCCGCTTCG

TGGAAAGCAG CTGTG

reverse primer

@ Hha I AgE A A
PCR &3 AH=(GHRI1532FxGHRI1705R, 174bp)  5utell  2u¢ 10X 4buffer
(BioLabs, England), 0.25x¢ Hha 1(5U), 0.214 100X BSA(0.2%), DW 1255uE

WL 37T 147 S-S A AT PCR £F 5919 AREL A5 bt
2t

_14_

@ jeju



CCGGGCCAAA AAAACAAGAC AGGGATAG CC CAATGTGACA TGCATCCCGA
forward primer G CGIC
)
AGTGGTCTCA CTCTGCCAAG CCAACTTCAT CATGGACAAC GCCTACTTCT
GTGAGGCAGA TGCCAAAAAG TGCATCCCCG TGGCCCCTCA CGTCGAGGTT

GAATCACGTG TCGAGCCAAG CTTT

reverse primer

® BspH I Algta s *e

PCR %32F=(GHR1141RxGHRI1471R, 331bp) buloll 2x0 10X 4  buffer
(BioLabs, England), 0.5¢f BspH I(5U), DW 125ulE =3 37TCelA 1A]3F
HEGAI AT PCR S 355-91¢F Algta s AdAF9+ oa3 2.

ATCACTTAAT ATCCTTGGGG CAAAGGA T CA CG A CTCTGGA CGTACCAGCT
forward primer TJCA TGTA

GTTATGAACC TGACATTCTG GAGACTGATT TCAATGCCAG CGACATGAGT
GATGGTACCT CAGAGGTTGC TCAGCCACAA AGGTTAAAAG GGGAAGCAGA
TCTTTTGTGC CTTGACCAGA AAAATCAAAA GGACTCATCT TCTAGTAATG
CTACCCCTGC TACTCAGCAG CCCAGTGTTA TCCTAGCAGA GGAAAACAAA
CCAAGACCAC TTCTTATTGG TGGAACTGAG TCAACTCATC AAGCTGCCCA

TACTCAACTA AGCAATCCGA GTTCACTGGC A

reverse primer

_15_
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2) A/19EH} FA4F BE

PCR-RFLP] 93 HAxd polyacrylamide gel d7]9% =Y

o

o] &3l3t}t. AT A AHEAES 8% polyacrylamide gel[Bis acrylamide (24:1),
05X TBE(445 mM Tris base, 44.5 mM boric acid, ImM NaEDTA pl8.0),
200p02] 10% Ammonium persulfate, 20u¢ TEMED]o| A 7] ¥ &S 3}

A — 3
Silver staining®H o2 FAA3-S H=39v)k

5 wEA

o

J—|_|_ OFX

[ |

o

Jtlo|
2

Fad A

=
O

i

i

ARG wE ATl I A
(A FuF 1955, wgvl 1115%) 0 Z F-E

SASZ=Z 19 (version 9.1)¢ GLME o] & ,
A=

Yiam = 0 + Breed; + Sex; + Agex + SNP-type + €ijum
Yikme A&, Breediv= & & 3H(A T},

ﬂé}u}), Ser}i /\é‘:‘eﬂ__?,_jl]-’ Age =
o]l g7, SNP-types AT 22T AFT2E 584 S92 SNP 423
29 cjume 2AG O R A ST

_16_
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F5a e E HAdelN AT EE(Growth Hormone) 3
ARET 2R F8A4(Growth Hormone Receptor) +4AF 7] Ade) tvhs A
gk 24 A ohe 2ok
AFet At w3k (A] S k< Thoroughbred) 3, Thoroughbred %<& F wholl A
TTGE 7|95l &gk wHolAl ZALe; WolA|Eo| dlgh sequencing 23}
AT 2R FAAe A7) EA M= exon 5 B9 270(G1745A, T1773C)9} intron
F-9lel 17ICISI8T) S SNPE ER1etslal(Fig. 3), AT EZE F&A FdAtelA
exon 10 ¥-9]el 271(C1172T, C1562G)2] SNPE 218l th(Fig. 4).
AT EE exon F9ol YEeERE SNP GI745A%E CTG codon®] CTAZ
HEE oy FdsA Lecines YERHAL A%low, TI778C SNP= GCT7F

GCCE HW3lEglot} oA Z=AdA Alanines A Alstal ddch Az =2E
F8A §AAe] SNP ClI72TE  GAC7E GATE  codono] W3lw 9o}

oAb AL Agpartic acid® YL AL, C1562G SNP= TCC7F TCG=
N3 AT A F L Serines YER I AT

Grochowska (19992 49 AFIT=2E FHAA 127HAH o =ik
Leucine®] Valineo. = W33l HA A2 Fulo d&ds 73va His
nRzE Qloh HE3k Ip 520012 Hel YWS FollAl exon 429 2338bp $A| 9
codone] CTC’} CTGZ H3EASS 2R SUdkA Leucines
Adste] opnik xAol= WEE gldles Bad v Stk # Aol A

Hle Az EE FdAet A= 84 F44 exon F-91¢] SNP=

r

Flere] 7 AAEe] g PCR-RFLP #4& 317] 93l Adars A2 sho]
polyacrylamide geloll 4] H7]9-s& 3 A3} AHS2E fHR oA CI5I8T Wo A=
Tspp09I2] X = TTU92bp), CC(162bp), CT(192, 162bp)2e] 3712 ZHegrH o]
o152 tHFig. 5). GI745A Wol A= BsiHKA 19 A8l & AA(115bp), GG(83bp),
AG(115, 83bp) 3719 HawHo] ¥ a(Fig. 6), T1778C WA= BstU
I9] H2]2 TT(173bp), CT(173, 147bp) 271 dted o] 2ol = A vH(Fig. 7).
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AT EE S84 FAAA CLI72T WolAl= BspHle @2 CC(331bp),
CT(331, 303bp) 2719 <IAA(DNA size)e] 2HIFHJA oM (Fig. 8), Cl562G
ol A= Hale] XHelZ CC(174bp), GG(146bp), CG(174, 146bp) 3714 A A& (DNA
size)o] A= ATt (Fig. 9).

22 fadsh Y4EEE S84 4449 SNP A% A

o
=
ol

A
o

H
iy

AT 2R FAA GHA] C1518T WelAl= C7F 059, T7F 041 ¥l
eSS, GI745A¢] SNPE G7F 0.88, A7F 012, T1778C9 SNPE T7F 0.90,
C7F 0.109) WZE yetgth AFSTE2E S84 FdAx d@#HdA Cl1172T9)
SNPi= C7F 096, T7F 0.04= velwtew, C1562Ge] SNPE C7F 090, G7F
0.102] ¥I== el (Table 4).

weHEzE AFEZEE CI5I8T SNPe| dAd Rl AFvidA TTHE=

it
e

0.155, CT&L 0526, CCHL 031903 w@dv AGLE TTIL 0075, CTIL
0484, CCHE-e 04410]3L, Thoroughbred Hwe TT 0228 CT 0582, CC
0.1900.% uEebytth oA WInE A|FwkE TAA7F 0418, CeA7F 0.582¢] 1,
WRE T 0317, CE 068393, Thoroughbred® T 0519, C 0481 #
el E2 7rel] ColARet Telxpe] ¥lwrt vwd e BEYE HolE AL
okQle 4 AU TH(Table 5).

JF T2 GITA5A SNPE 949 H%: AFuE AGHS 0190, GG &
0810013  mFvkE  AAFS 0016, AGHS 0365013 GGHS 0619,
Thoroughbredi= AG 0.253, GG 0.7472 el AAY S agvpo] A gk gled
T ATk A RIEE AFvbE AQARZE 0.095, GAA7E 0.9050] 31, W et

A 0198, G 0.8020]3, Thoroughbred= A 0.127, G 087322 eyt &

s

I

FFA GAAY] RErk =4 Yelhis 4 293 AA FAAES agw
1ol A%k 2Hel = Sl th(Table 6).
ARz 2 TI778C SNP| UAd RHEiE AFvkE TTHL 0814, CTH>

-

0.1860] 3 wHvhE= TTHL 0725, CTHL 0.275, Thoroughbrede TT 0.776, CT
02242 uJeRd QA ¥EE AFvks TAAZE 0907, CAAZE 0.0930] 4L,
wAvkE T 0.863, C 0.137, Thoroughbredi= T 0.888, C 0.112 & FAlHo] ZE
FFAA TAA w7t A vepuar A58 213 tHTable 7).



FEA AR AVIA Dl vErd 2719 ¥WeolAl & Cl172T
SNPe] 2x8 HlEE= AlFvtsE CCHL 0891, CTHLS 0.1090]ar wgale
CCHL 0917, CTH= 0.083, Thoroughbred= CC 0.100= YEF Tl Thoroughbred
Aol e CCHWE verRth A ¥ME= AFvk= CAAE 0945, TIA7L
0.0550]3, wFuE= C 0958, T 0.0420]3, Thoroughbred® 7% C <1Abgr

s

AlFEat F o] A
CCHE 0964, CGHE 0.036°]aL wgrt FooA= CCHL 0692, CGH=>
0.299, GG3-> 0.009, Thoroughbred= CC 0615 CG 0.346, GG 0.039=
e Y GGE 2 Thoroughbrede} 34wl Z kol A vk vlERREaL Al Ful 3 do A
ZAHA &gt A ¥EE AFrhE CJAAE 0982, GIAZE 0.0180] it
wdvlE C 0.841, G 0.1590]3, Thoroughbred®= C 0.783, G 0.212%2 UYERsIT]
GAAR] HI=E AFulel Al 0018 wgwlelAE 0159, Thoroughbredol A= 0.212%
AR FolA= AE Feld = AN THTable 9).

AlFeket wgtvke]l SNP QIAd S AFo #dAd 4% 3}, A 5ol
AojA AT =] SNP CI5I8T, Gl745A, TI778CeF A=+ &
A28 SNP Cl172T+= <SlAge wE Foxk= Idv(p>0.05. L8
ARTEE  F8A FAA CI562G SNPEYS Ao ME AFe
2ol (p<0.05)E  Fdd = dAedH, CC FHdAPe] CGY FAAFHET
el dow 152kg AA Uedal A1t Table 10).

3l Sherman & (2008)2 intron®| WERE SNPE A5 G933 i ks
HIE 3 vl QEd oA AFTEE F84 §449 itron 49 A/G SNP=
Azl dade Fi dvkar stk 2y 2 Aol e AR AT ESY
intron §-912] SNP CISI8T= Algate] A4S 2obs 4= §ltHp>0.05).

Aoz B AT AFure] 4 ol e FEA A

AT 2E FEA FHA CI562G SNPe Q1A Rlw

roi
ih)

4

A7 Dol 5719 SNPs  HolAl7 #EFHJm, AHD
intron®| 4] C1518T¢} exon 5914 G1745A, T1778C7} EclE Sy AHAT =&

£4 FAA9 exon 109141 C1172T, C1562G7} &2l wArt. AAZEF exon
B EA3F= GI1745A, T1778C% SNPs®} AF =2 F
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F9el dERd CLI72T, C1562Ge] SNPsi ofv|mil wishel= o
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o
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Growth Hormone Gene G17454
T1778C

C1518T

1 250 259 518 B73 887 1003 1208 =~ 1364 1637 1837 1923

Fig 3. Growth Hormone Gene and sequences of polymorphic sites.
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CLLIETE -ClhBiG

| exonl0 5
D ——

IGTowth Hormone Receptor Gene

Fig 4. Growth Hormone Receptor Gene and sequences of polymorphic sites.
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Fig 5. PCR-RFLP band patterns of GH gene fragment digested with Tspb091
for the SNP C1518T. Lane 1, Size marker(200, 162bp); lane 2,
TT(192bp); lane 3, CC(162bp); lane 4, CT(192bp/162bp).

Fig 6. PCR-RFLP band patterns of GH gene fragment digested with BsikAl
for the SNP G1745A. Lane 1, Size marker(100, &0bp); lane 2, AA(115bp);
lane 3, GG(83bp); lane 4, AG(115bp/33bp).
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Fig 7. PCR-RFLP band patterns of GH gene fragment digested with BstUI
for the SNP T1778C. Lane 1, Size marker(200, 162, 100bp); land 2, TT(173bp);
lane 3, CT(173bp/147bp); lane 4, TT(173bp) ; lane 5, CT73bp/1470p).

Fig 8 PCR-RFLP band patterns of GHR gene fragment digested with BspH 1
for the SNP C1172T. Lae 1, Size marker(372, 296p); lane 2, CO31hp); lae 3
CT(331bp/303bp); lane 4, CC(331hp); lane 5, CT(331bp/308hp).
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Fig 9. PCR-RFLP band patterns of GHR gene fragment digested with Hhal
for the SNP C1562G. lae 1, Size marker(200, 162bp); lane 2, CC(174bp);
lane 3, GG(146bp); lane 4, CG(174bp/146bp).
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Table 4. GH and GHR polymorphisms and allele frequencies in horse

Gene SNP Polymorphism Frequency Primer(5'—3")
CCTGACCCAGGAAAGATCTGACTCTTA
SNP1 C1518T 0.59/0.41
TGCTTGAGGATCTGCCCAGC
GATGATGCACTGCTCAAGAACTACGGGGT
GH SNP2 G1745A 0.88/0.12
CACAGCTGCTTTCCACGAAGC
CAGGAGCTGGAAGACGGCAG

SNP3 Rl17786 0.90/0.10
CGACACTTCATGACCCGCAGGTACGTCGC

ATCACTTAATATCCTTGGGGCAAAGGATCA
SNP1 Cl172T 0.96/0.04

TGCCAGTGAACTCGGATTGCTT

GHR
COGGGCCAAAAAAACAAGACAGGGATAGC

SNPZ C1562G 0.90/0.10
AAAGCTTGGCTCGACACGTGAT

Table 5. Genotype and allele frequencies of GH gene digested with Tspb091
for the SNP C151&8T

Jeju Horse  Crossbred” = Thoroughbred Overall

o 30 7 18 55
(15.5) (7.5) (22.8) (15.0)

102 45 16 193

Genotype  CT (52.6) (48.:4) (58.2) (52.7)
62 41 15 118

- (31.9) (44.1) (19.0) (32.3)

h 162 59 82 303

iele (41.8) 31.7) (51.9) (41.4)
226 127 76 429

¢ (58.2) (68.3) (48.1) (58.6)

* Crossbred (Jeju HorsexThoroughbred)
Percentages are in parentheses.
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Table 6. Genotype and allele frequencies of GH gene digested with BsiHKA 1
for the SNP G1745A

Jeju Horse Crossbred”  Thoroughbred Overall

1 1
AA ) (1.6) ) (0.3)
37 23 20 80
Genotype  AG (19.0) (36.5) (25.3) (23.7)
I 158 39 59 256
(81.0) 61.9) (74.7) (76.0)
37 25 20 82
& 9.5) (19.8) (12.7) (12.2)
Allele
. 353 101 138 592
(90.5) (80.2) (87.3) (87.8)

* Crossbred, Jeju HorsexThoroughbred
Percentages are in parentheses.

Table 7. Genotype and allele frequencies of GH gene digested with BstU I
for the SNP T1778C

Jeju Horse Crossbred” = Thoroughbred Overall

o 158 37 59 954
(81.4) (72.5) (77.6) (79.1)

- 2 36 14 17 67
enotype (18.6) (27.5) (22.4) (20.9)
ce S L y .

. 352 88 135 575

Allele (90.7) (86.3) (88.8) (89.6)
. 36 14 17 67

9.3) (13.7) (11.2) (10.4)

* Crossbred, Jeju HorsexThoroughbred
Percentages are in parentheses.
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Table 8. Genotype and allele frequencies of GHR gene digested with BspH1
for the SNP C1172T

Jeju Horse Crossbred”  Thoroughbred Overall

e 171 99 79 349
(89.1) 91.7) (100.0) 92.1)

- o 21 9 ) 30
eRotybe (10.9) (8.3) (7.9)
TT L h 3 _

2 363 207 158 728

Alld (94.5) (95.8) (100.0) (96.0)
e 21 9 i 30
(5.5) (4.2) (4.0)

* Crossbred, Jeju HorsexThoroughbred
Percentages are in parentheses.

Table 9. Genotype and allele frequencies of GHR gene digested with Hha I
for the SNP C1562G

Jeju Horse Crossbred”  Thoroughbred Overall

188 74 48 310
¢ (96.4) (69.2) (61.5) (81.6)

7 32 27 66

Genotype ENg (3.6) (29.9) (34.6) (17.4)
1 3 4

= . (0.9) (3.9) (1.0)

. 383 180 123 686

el (98.2) (84.1) (78.8) (90.3)

7 34 33 74

N (1.8) (15.9) (21.2) (9.7)

* Crossbred, Jeju HorsexThoroughbred
Percentages are in parentheses.
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Table 10. Least squres means

genotype and SNPs

and standard errors of body weight by GH and GHR

Gene SNP Genotype
cC CT TT
C1518T n 103 147 37
bwt” 265.9+£2.61 267.7£2.50 274.0+4.45
GE AG AA
GH  G1745A n 197 60 1
bwt 266.7+£2.06 269.9+3.37 282.5
TT CT cC
T1778C n 195 50 -
bwt 266.7+£2.05 270.6+3.35 -
CC CT TT
C1172T n 270 30 -
bwt 267.6+1.84 268.6+5.59 -
GHR
CC CG GG
C1562G n 262 39 1
bwt 264.8741.97 280.0°+4.75 302.9%

Means with different superscript in the same row differ(p<0.05).

* bwt, body weight(kg).
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2 dys AFmd AT fJded oM AEel dFe Fe AR

A AHT 2 (Growth Hormone)¥ A3 5= Al(Growth Hormone
Receptor)- 429 A7 E24E&  S3ste oS Sddsta, g &<
Thoroughbred #% % FwH(AFr x  Thoroughbred)sh Wi #4]3}o]

AFvke] Fd4 E4S @l F8H3AH.
vt G2 AFE SARISAAA #AgHar e AFvh 19559k Akt
Thoroughbred #& vt 1115, AT A% 9l < Thoroughbred
o= vk JMAE A xRS Y3tal, Genomic DNAE
5 & f-A2 ZZ 3 Temporal Temperature Gradient Gel Electrophoresis(TTGE)
drIMds S48 el hE AAE 42 RFLP ¥y o=
A= Tspb09 I, BsikAl,  BstUI®] A& AE
o] &3}9 L, AT 2E 584 F2AA= BspH 1, Hhal®] Aa L5 o] 83190

RFLPZE &%= AT 2E F844+= exon 5 F-9]ol 271(G1745A, T1778C)<t

rr

olt

_O|L
22
o
&
oX,
o
}011
[
gl
do

22 171(C1518T)¢]  Single Nucleotide Polymorphisms(SNP)E
s, AFE2E F844 94 exon 10 F-9)o 271(C1172T, C1562G) 9]
SNPE &3}t 2ld  SNPAAE AFul, W&k Thoroughbred
FEANA UFE AAFETG A RlEe zolrt Ilov, AT 2L FEA
ALl SNP  7F2-dl  Cl172T SNP3=  Thoroughbred® A% CCd4t
HBREHAT AFEZE2E FAA A C1518Te] WolAl= C7F 059, T7F 0419
HiE=Z v 38 Y& BRI, GI745A9] SNPE GZF 088, A7F 0.12,
T1778C2] SNP+= T7F 090, C7F 0102 Yyelgth AHs=22F 784 349
Cl1172T SNP+= C7F 096, T7F 0.04, C1562Ge] SNP& C7F 090, G7F 0.109]
HE=R oz 39 eE A4S Wolth
FeEE fFAAe Az EE FEA 149 exonF-919 YERG
SNPE-2 codon B4l ¥stE F

SNP A= Ao AAAd #FHoAeE AHZ=2s F&8A4 344

C1562G SNPolA CC <IAE o]l CGE A KT feld oz AlFo] 15.2kg

oX,
]o

32
>
¢H

o3
=
)
fr
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i
e
2,
rir
of
ok
o
N
>
5
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2,
)



vo Aoz UeERGtHp<0.05). 2Eu AR A% CI5IST, GIT45A,
T1778C SNP9} A&z = F8&A #dA¢ CIL172T SNP A oA = A%
Aolell frelx7t §lE AL R YERLTHp>0.05).

AeA oz qofstd AFvle] AF A 371(CI518T, GL745A, T17780),

a8 FAAA 270(CL172T, Cl562(G8]  A7IME  HWolAlE
sl or, A AdAHIEe] glojH EFF e Aol= AT EE 84

*

FHA4xe]  Cl1172T SNPelA  Thoroughbred® 7% CCHdAEw e
geletsirt. s A28 F8&A A2 SNP Cl1562G+ AlFvte] AlF i
dHE o] vAMAS)ZE E8E 7HeAds BRAFa . yy MAS=

olg&el= Al o9l AEAAIAGA L, A Sl W 43 wEld
=2
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o
o

H
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ABSTRACT

DNA Sequence Polymorphism for the Growth Hormone and

Growth Hormone Receptor Genes in Jeju Horse

Sung—-Mi Kim

Department of Animal Biotechnology, Graduate School

Jeju National University, Jeju, Korea

This study was carried out to investigate the DNA sequence
polymorphisms for the Growth Hormone (GH) and Growth Hormone Receptor
(GHR) genes, and to analyse the relation between the Single Nucleotide
Polymorphisms (SNPs) of the genes and body weights in Jeju horses.

A total of 386 genomic DNA samples was extracted from the blood
samples of 195 Jeju horses, 80 Thoroughbred horses, and 111 crossbreds
between Jeju horses and Thoroughbred horses. The partial sequences of the
GH and GHR genes were amplified by polymerase chain reaction (PCR) using
the designed primers, and then polymorphic DNA band types were screened
using the PCR products by the method of Temporal Temperature Gradient
Gel Electrophoresis (TTGE). The polymorphic DNA bands from the TTGE
results were cloned and sequenced to identify SNPs. The results are as
follows:

Three SNPs (SNP G1745A and T1778C in exon 5, SNP CI518T in intron)
for GH gene and two SNPs (SNP C1172T and C1562G in exon 10) for GHR
gene were detected by sequencing for the DNA band variants of TTGE.

RFLP(Restriction Fragment Length Polymorphism) method using the
restriction enzymes Tspb09l, BsikAl and BstUI for three SNPs of GH gene,
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and the enzyme BspH 1 and Hhal for two SNPs of GHR gene was used to
individually genotype the each SNP for the groups of Jeju horses,
Thoroughbred breed and crossbreds. All of the four SNPs except the SNP
Cl1172T for the GHR gens were observed in all three groups of Jeju horses,
Thoroughbred horses, and crossbreds. In Thoroughbred breed, only the CC
type for the SNP C1172T was observed in this study.

The allele frequencies for the four SNPs (G1745A, T1778C, C1518T for GH
gene, and C1562G for GHR gene) showed highly skewed distribution to one
allele of base variants while the allele frequencies of SNP C1518T were 0.59
and 0.41 for the variant C and T, respectively.

All the four SNPs recognized in the exons of GH(G1745A, T1778C) and
GHR(C1172T, C1562G) genes did not result in a change to the amino acid
sequence.

In the statistical analysis of the relation between SNP genotypes and body
welghts in Jeju horses and crossbreds, the SNP C1562G for the GHR gene
showed the significant difference between the genotypes (p<0.05) while the
other SNPs (C1518T, G1745A and T1778C for GH gene; C1172T for the GHR
gene) did not shown any significant differences between the genotypes
(p>0.05) for the body weight. The least-square mean bhody weight of CC
genotype (264.8kg) in the SNP C1562G was significantly lower than that of
the CG genotype (280.0kg) for the GIHR gene, suggesting that the SNP
C1562G would be used for Marker Assisted Selection.

In practical use of the SNP (C1562G for the GHR gene in MAS, It is
considered that additional data and research would be required to clearly
define the relation between the SNP allele variants and quantitative traits,

such as body weight, body hight, and other body measurements of horses.
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