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Effects of SNPs in Haptoglobin on Average Daily Gain in Pig
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ABSTRACT

In order to provide information of genetic variants for Haptoglobin (Hp) gene, which may be related to weight traits

in pig, a total of 235 animals from National Institute of Animal Science (NIAS) were screened with 3

3 primers. The

primer sequetices were selected using the porcine ¢cDNA sequences based on NM_214000, and the exon boundaries

were estimated. Genetic variants were observed using direct sequencing analysis, and there were 9 SNPs detected at
nucleotide positions 503 (A/G), 509 (A/G), 709 (C/T), 734 (C/A), 742 (G/A), 769 (A/G), 840 (C/T), 876 (C/T) and 882
(C/A). All the SNPs were located in coding regions, and mutations caused amino acid changes at nucleotide positions
503, 509, 734, 742 and 769. Allele frequencies of SNPs were estimated for all segments. The SNPs at nucleotide
position 509 (p<0.0001) and 734 (p<0.05) were significantly associated with average daily gain, but no significance
was observed with other SNPs. From the results, the identified SNPs may be a useful candidate marker for the porcine

weight gain traits.
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(Sanerwein %, 2005; Hiss and Sauerwein, 2003; Eurell 5,
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5 ZA LY ZA T #E high weight gain Z-Z low
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s, EHo® 3702 f2AgHpl-1, Hp2-1, and Hp2-2)&
Bowman and Kurosky(1982)7F #& 8 Hrelalch shx gk ¢
A= A o] SNPE©) 3° UTR(Maeda, 1986), exon 5{Pon-
suksili 5, 2002) 2 haplotypes(Cox 5, 2007)7F BZH o] 31&
U Hp 32 coding X1 @ &loll it -t aPs]ot 2dA
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2. Primer Design

Hp genomic DNA®| thgh H714Ge] Bax o] 9lA] 7] uf
ol primer design GenBank®l| S&¥ H71AME(NM 214000,
1,182 bp)S A28+91.0™, coding A9 WACE 349 pri-
merE A &8t thTable 2).

3. Polymerase Chain Reaction

Template DNA genomic DNA 1 ulE A3} 10 x PCR
reaction buffer(10 mM Tris-HCl, pH 8.3, 50 mM KCl, 1.5
mM MgCl)¢F 2.5 mM dNTPs, 10 pM primer, 1 U Tag DNA
polymerase(Core BioSystem, Korea)E Al&-5Fed = w29 25
uli PTC-240 DNA Engine Tetrad 2 Cycler(MJ research, USA)
oA HASHATE §A TS 94T oA 452 E9t denatura-
tionAlZ1 &, 51~57TColAl 1& annealing, 12|32 72°Co|A

1.5% extension ¥H-& A E 353 WHEE & 72°Col A 687

Table 1. Basic statistics for estimation of average daily gain (ADG)

Standard Mini- Maxi-

Trait N Mean L.
deviation mum mum
ONW' 235 30.99 5.79 14.50 45.00
OFW* 235 96.81 8.75 7630  125.50
ADG 235 1.01 0.15 0.62 1.82

' On test weight.
® Off test weight.

., BrE, 7

A3

Ll

oflt

5l

s

w2k g4 @A (final extension)E S8 St Tl PCRo] £
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PCR Z% 28-S &9 % direct sequencing & A3}
o] ABI 3730XL Genetic Analyzer® 2 971 EE& 4813t
TE A e G/ LS alignment Z =T (DNAstar ver-
sion 6.0)22 SNPE #A3ton, A4y 27/E £°]7] 94

A M) 3k PCR 2 sequencingS 23] WHE-sl9iTh
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A ZH ol e 73 G4F 74zhe] SNP genotyped ¥
WaEo g A o] volE T gAIA SAS GLM procedureE ©]
43} 2t

Zant 3 nE

1. HHUE 7|H0J(SNP)

z} primeroll 3 A% annealing =X gradient PCRE &
& 57CA AR oM, Table 2014 B Rt o] Hpol
HYE A YL FFo] ojFoiF O, HF FF AES 500
bpZith & 932914 SNPE©] Hp029} Hpo3 oA HE=
201 direct sequencing SNP A Ho N Z& 4717 g71=
A, T, G 2 OUeRto), dukaE o2 direct sequencing A9
A A 9 F(base calling errors)E A A3 $18] F7IME
ARE 23] MBS B AFHOE EQHES AN
THTable 3). g 71Ho]7} et L GenBankd 55€ E7]
A E(NM_214000)S 7152 503(A/G), S09(A/G), T09(C/T),
T34(C/A), T42(G/A), T69(A/G), 840(C/T), 876(C/T) 2 882(C/A)
A ZAEHAUTE 970 SNPf sk Ay A4 WI=E =
stdom, 370 SNP(503, 509 & 734l = o & tgH-=
A7} 90% o] 4+-S vrebdTh 2z SNPel thet chi-square 8
sgon, Ao R FAXNES & F Ao, o &
Aol FAE A AEEC) AHEE FF o4 Y KA
T o] zlole) 7)QlelE Ao g AlgHTh shA WYty &
97 §AA WE pols WERA gtk ok, €71
Agolol et coding X HollA2] ofu| At MHo] WS 43T
(237, 280 292 H 294)2 A Q)3 FollA HEHUTE A7l A
B39 of2] SNP(Gueye 5, 2006; Saeed 5, 2007; Maeda &,
1986; Oliviero 5, 1985)5 3} 2] A4 = 2002'd Ponsuk-
sili S0 exon 591 2 el] 624 bpol Al C/T SNPE &2l3tio
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Table 2. Primer sequences and size of products for Haptoglobin

(Hp)
Position Product

Seg- 1 .

Sequence ———————  size
ment
Start End (bp)
HPO1F CTGTCGTCGCCCT 17 38 NA®
CCTGCTCTG

HPOIR AATCACCTTCTCA 511 534
ATCTCCACCTC

HPO2F AGAATCTCCGCTT 428 447 500

GGGTCAT

HPO2R GGTGTCATCATCC 907 927
TTGTCGTG

HPO3F TTATGTGAATGTG 636 658 506

GGGCTTGTGG

HPO3R GCGATGTGGGGCT 1,123 1,141
GGAACC

' The sequences were selected based on NM 214000 (1,182
bp) for pig Hp gene.
> NA : not available.

U B dArdMe AEEA gun HE
T coding A9l 91X
A T2 U0lE 2R BEFEA X
A AEolw Hpoll tiat £ 7<) SNPES
A #Hze RIZ GAZ of22, 29| haptoglobin &
AA 61 S0035(18.1cM) I+ S0087(37.7cM) EA 1=} Alo]
2] $eHPonsuksili &, 2002).
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Table 3. SNP allele frequencies, locations of nucleotide and amino
acids change in the polymorphic segments for Haptoglo-
bin (Hp) gene

Nu- Amino acid
Seg- Fre- Chi- ——m
egt cleotide Allele ' -
ment uenc square
positionl q Yy 8q Change don
Hp02 503 A 0.909 69.19 K R 168
G 0.091
Hp02 509 A 0.900  28.66 Q R 170
G 0.100
Hp02 709 C 0.898 46.14 L L 237
T 0.102
Hp03 734 A 0.085 74.43 A D 245
C 0915
Hp03 742 G 0368 139.80 E K 248
A 0.632
Hp03 769 A 0.164 52.65 S G 257
G 0.836
Hp03 840 C 0.136  28.59 F F 280
T 0.864
Hp03 876 C 0.117  46.33 c C 292
T 0.883
Hp03 882 A 0.102 9290 G G 294
C 0.898

' The nucleotide positions were based on the haptoglobin gene
sequence from GenBank (accession number of NM_214000).
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Table 4. Least squares means and standard errors of porcine ave-
rage dairy gain (ADG) by SNPs for commercial cross-
breed pig population

Posi- Geno ADG Posi- Geno- ADG
tion -type (kg) tion type (kg)
P=0.2738 P=0.0906
503 AA 209 0.98+0.01 769  AA 32 0.95+0.02
AG 9 0.92+0.05 AG 12 0.93+0.03
GG 17 1.02+0.03 GG 188 0.99+0.01
P=0.0001 P=0.2237
509 AA 206 1.010.01° 840 CC 14 0.92+0.04
AG 11 0.72+0.03" CT 36 0.99+0.02
GG 18 0.96+0.02° TT 185 0.98+0.01
P=0.1219 P=0.5577
709 CC 199 0.98+0.01 876 CC 14 1.02+0.03
CT 24 0.93£0.03 CT 27 0.98+0.02
TT 12 1.02+0.04 TT 194 0.98+0.01
P=0.0427 P=0.9907
734 CC 12 098+£0.04° 882 AA 16 0.98+£0.03
CA 16 0.98+0.03° CA 16 0.98+0.03
AA 207 0.87+0.01° CC 203 0.98+0.01
P=0.5488
742 AA 136 0.98+0.01
AG 25 0.97+0.02
GG 74 1.02+£0.03

Different letters
differences.

mean significances of least squares mean
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