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Fig. 1 PCR amplification of pig THRSP gene
Electrophorised with 1.5% agarose. (a) M: Trans 2k DNA marker; PCR
products with primer TP-1 in 7 and 2. (b) M: Trans 2k Plus DNA
marker; PCR products with primer TP-2 in / and 2.
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aaggaagccgcecatgcaggtgetagecaagegetaceccaagaactgectgetgaccgtcatggaccggtac 72
MQ VL AKRY P KNTCTLTLTUVMDTR RY 20
ctggecgtggetecgecaacatggagecaggtggtgatgatecccagectgetgegggatgtgecagetgagtgea 144

LAVARNMEZ QVVMI

PSLLRDUYV QL S A 44

catgggtgccaggeccagtegggggeccecgatttcetacaactacttcaccatgetcaaggecatecgtgty 216
HGCQAQSGAPDFYNYTFTMLI KATITRYV 68
gctgtggaccatgggetgetgececcgggaggagtggecaggecaaggtggeggatggcaaaaacgatgggget 288
AV DHGLTLPREZEWAQAIKVADGI KNDGA 92
gagaatgaagctgcagagaccgaagagaccaaggaggagaggetcettggggcagetggacctagaageccag 360
ENEAAETEETKEETRTLTLG QULDTLEANQ 116

ttccacctgecacttectccagtettcate
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Fig. 2 The nucleotide sequence of the coding region of pig THRSP gene and its amino acid sequence

TVMD and TKEE underlined were Casein kinase [I phosphorylation sites.
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Fig. 3 The polymorphic sites in the coding region
of pig THRSP gene
G123A and A308G sites were located at 123 bp and 308 bp away from
the start of the CDS, respectively.
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Fig. 4 RFLP patterns of PCR products at G123A site for Pvu Il and at A308G site
for Mva 1 in the coding region of pig THRSP gene
(a) G123A. (b) A308G. Electrophorised with 3% agarose; M: Marker [ ; 1, 2: AA genotypes; 3, 4: GG genotypes; 5, 6: AG genotypes; 7, 8 AA

genotypes; 9, 10: GG genotypes; 11, 12: AG genotypes.
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2.3 GI123A 71 A308G TFHIFHAZ NE DR
ANFIFERELE G123A FIT A308G 7 15 [ FE X 44 1
LR A A i 50 A L3 1. AT WL, BR MG AL 48
G123A £ £ 123G 5L RS 2 ik 0.975°9, 1
RS 1) 123G BEDRA# 0.657 7. {E A308G fir
R SRR 308A FEAAA A 0.815 2, TR

A% T 308A 4 0.589 9.
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SPHIRAS, AR A308G A7 s A RS A 11l
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Table 1 The distribution of genotype and gene frequencies of THRSP gene in fat- and lean-type pig groups

G123A site

A308G site

Fat-type pigs Lean-type pigs

Fat-type pigs Lean-type pigs

Sample size Frequency Sample size Frequency Sample size Frequency Sample size Frequency
Genotype Genotype

123AA 0 0 12 0.130 4 308AA 67 0.2939 59 0.6413
123AG 11 0.048 2 39 0.4239 308AG 135 0.592 1 32 0.347 8
123GG 217 09518 41 0.4457 308GG 26 0.114 1 0.0109
Gene Gene

123A 0.024 1 03423 308A 0.5899 0.8152
123G 0.9759 0.657 7 308G 0.4101 0.184 8

%’=0.139 3, P> 0.05 %*=0.316 3, P> 0.05

x’=11.418 1, P<0.01 %*=2.196 3, P> 0.05

G123A F1 A308G P o7 s 3K &5 2 [ 20 R fid -+
MWK 2. BRI H I 6 A, i
123AA308AG. 123AA308GG H1 123GA308GG 1
AR E] IR EE R, 123G308A F1 123G308G
BL A% IA F) 09759, 10 JE S 1) 123A308A

1 123G308A Fit1 ik 0.815 3.

SR RER) G123A F1 A308G BES A7 kAT
Hardy-Weinberg Vi BE AR, 25 HL 2 W98 PR 2R
(VI AL s Al TR, 17 T 10 28 ) Ak 1 AR~
IR,

Table 2 The frequencies of genotypes and gamete-types based on G123A and A308G sites

of THRSP gene in fat- and lean-type pig groups

Fat-type pigs

Lean-type pigs

Gamete types Fat-type pigs ~ Lean-type pigs
Sample size Frequency Sample size Frequency
123AA308AA 0 0 12 0.1304 123A308A 0.0132 0.307 1
123GA308AA 1 0.004 4 26 0.2826 123G308A 0.576 8 0.508 2
123GA308AG 10 0.043 9 13 0.1413 123G308G 0.399 1 0.149 5
123GG308AA 66 0.289 5 21 0.228 3 123A308G 0.0110 0.0353
123GG308AG 125 0.548 2 19 0.206 5
123GG308GG 26 0.1140 1 0.0109

x*=16.13, P<0.05

x’=7.42, P> 0.05

2.4 GI123A #1 A308G 5% mRNA & HIF2 M
FIH] Vienna RNA 318 Jik0 A48 7 f5 2 Py
) mRNA 7 XEEBEAT S, 7EA SRVF GU FCX
SEOLT, GI123A 7 s AT B & BT 5 m
mRNA & IEA, 1 A308G 17 A% 1 1% B4 S 5
2 MRS ) mRNA $7 8 720, JUILE 2 AN
AW W% R Ak A7 A4 R AH B A (TVMD Ml

TKEE)#: 7% 4y #1 H.75 B (TVMD £l TREE), #kfja]
RESLMT S I URIFT FE AR A S IR Ak fEA
[FZERE R, BAREAHE 5 K877
IR N 0.641 3, ] R AT K PiFhiR &8 7 i
[RIAIEE Ay 0.347 8; M I IDT BUAE S 22 (1) A I 1] 5
H R FI K ARG 48 07 N 0.592 1), i
K #7178 77 AR 0.293 9.
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Fig. 5 The effects of the mutations at G123A and
A308G sites on mRNA folding of pig THRSP gene
Vienna RNA-folding parameters: Temperature is 37C , GU pairing is

not allowed at all, and fold with specially stable tetra loops. Nucleotide
position is indicated by the arrow, and TKEE, TVMD and TREE located
between two arrows, respectively, show the posion of casein kinase Il

phosphorylation sites.
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Fi% F 11 O IT W 1R A7 5 PR MR (TKEE) 45 4 6 A%
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The secondary structure prediction of THRSP protein with TKEE

Amino acid sequence:
Secondary structure:
Amino acid sequence:

Secondary structure:

MQVLAKRYPKNCLLTVMDRYLAVARNMEQVVMIPSLLRDVQLSAHGCQAQSGAPDFYNYFTMLKAIR
CCCCCCCCCCCCHHHHHHHHHHHHHCCCEEEEECCCCCCCCCCCCCCCCCCCCHHHHHHHHHHHHHH
VAVDHGLLPREEWQAKVADGKNDGAENEAAETEETKEERLLGQLDLEAQFHLHFSSLH
HHHHCCCCCCCCCCcccecceeeececeCCCCCCHHHHHHHHCCCCCHHHHHHHHHCCCC

The secondary structure prediction of THRSP protein with TREE

Amino acid sequence:
Secondary structure:
Amino acid sequence:

Secondary structure:

MQVLAKRYPKNCLLTVMDRYLAVARNMEQVVMIPSLLRDVQLSAHGCQAQSGAPDFYNYFTMLKAIR
CCCCCCCCCCCCHHHHHHHHHHHHHCCCEEEEECCCCCCCCCCCCCCCCCCCCHHHHHHHHHHHHHH
VAVDHGLLPREEWQAKVADGKNDGAENEAAETEETREERLLGQLDLEAQFHLHFSSLH
HHHHCCCCCCCCCCCCceccceeeeececCCCCCCHHHHHHCCCCHHHHHHHEHCCCC

Fig. 6 The secondary structure prediction of THRSP protein

H=helix, E=strand, C=coil; Amino acids underlined are casein kinase Il phosphorylation sites.
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XIS CIERE P AR A T AR A ST 25
B AT CUHENISE 2L T G123A F1 A308G 47 fi11)
B AE A Jg 123GG308AA, HE G Bl A N 3% 8 1)
(i) 42 Hh W 3k B R it N AE G123A 7 A, Tk 5 A
123GG308AG ¥/~ A 3% B4 5 g Iy 4% 1 v (2 P2
TIBE T2 0 0.975 9), 8 PR R0 I (1) 422 b s ¢
FEHINAE A308G 7 i, B2 HK 54T 123GA308AA
(AL B R k(2 MRS AR 0.815 3). ik
B VE LTS G123A 1 A308G A7 50 I H B A
2 Hardy-Weinberg T~ 7. 431 25 K4 [ 7% 5 R 3 4%
PRI IE T D b n] sz RS, RS BRSO AH K
TS, HRE GI23A A1 A308G {7 15 1 5%
ARLEAN [ B h IR 23 AT RS U 7R AT, THRSP %&
BT (1) 3y REFAE FH A g 17 2R RN PR RS B A7 e I
122 5.

2 % x M

[1] Mourot J, Hermier D. Lipids in monogastric animal meat. Reprod
Nutr Dev, 2001, 41(2): 109-118

[2] Mead J R, Irvine S A, Ramji D P. Lipoprotein lipase: structure,
function, regulation, and role in disease. ] Mol Med, 2002, 80(12):
753-769

[3] Donkin S S, McNall A D, Swencki B S, et al. The somatotropin
dependent decrease in hepatic fatty acid synthase mRNA is the
result of a decrease in gene transcription. J Mol Endocrinol, 1996,
16(2): 151-158

[4] Geldermann H, Cepica S, Stratil A, et al. Genome-wide mapping of
quantitative trait loci for fatness, fat cell characteristics and fat
metabolism in three porcine F2 crosses. Genet Sel Evol, 2010,
42(1): 31

[5] Seelig S, Liaw C, Towle H C, et al. Thyroid hormone attenuates
and augments hepatic gene expression at a pretranslational level.
Proc Natl Acad Sci USA, 1981, 78(8): 4733-4737

[6] Jump D B, Narayan P, Towle H, et al. Rapid effects of
triiodothyronine on hepatic gene expression. Hybridization analysis
of tissue-specific triiodothyronine regulation of mRNA S14. J Biol
Chem, 1984, 259(5): 2789-2797

[71 Liaw C W, Towle H C. Characterization of a thyroid hormone-
responsive gene from rat. J Biol Chem, 1984, 259(11): 7253-7260

[8] BrfE. THRSP ALB 5/ 3 X ) SNPs, J& 8) TR0 K I 555 I
JE 2 RERPED]. A ML 22k R, 2010: 1617
Chen H. SNPs and Promoter Efficiency in 5’ Flanking Region of
THRSP Gene and Its Association with Backfat Thickness of Pigs
[D]. Hefei: Anhui Agricultural University, 2010: 16-17

[9] Hulo N, Bairoch A, Bulliard V, et al. The 20 years of PROSITE.
Nucleic Acids Res, 2008, 36(Database issue): D245-249

[10] Lin K, Simossis V A, Taylor W R, et al. A simple and fast

secondary structure prediction method using hidden neural

networks. Bioinformatics, 2005, 21(2): 152-159

[11] Frier S M, Kierzak R, Jaeger J A, et al. Improved free-energy
parameters for predictions of RNA duplex stability. Proc Natl Acad
Sci USA, 1986, 83(24): 9373-9377

[12] SR ), BRZA, B2 S0, 45, B8 00 38 RT3 24k -4 JR A 1 oa b
ST s B AR, 2007, 39(9): 913-919
Zhang T Y, Chen H Q, Liang Z, et al. Acta Veterinaria et
Zootechnica Scinica, 2007, 39(9): 913-919

[13] Cunningham B A, Maloney M, Kinlaw W B. Spot 14 protein-
protein interactions: evidence for both homo- and heterodimer
formation in vivo. Endocrinology, 1997, 138(12): 51845188

[14] Wang X F, Carre W, Zhou H J, et al. Duplicated Spot 14 genes in
the chicken: characterization and identification of polymorphisms
associated with abdominal fat traits. Gene, 2004, 332(5): 79-88

[15] Cao Z P, Wang S Z, Wang Q G, et al. Association of spotl4a gene
polymorphisms with body weight in the chicken. Poult Sci, 2007,
86(9): 1873-1880

[16]1 4 Hl =% 7, 5% 1 THRSPa RN EFE2E 54K
R AERAR SRS, [ F ks, 2007, 43(3): 1-3
Zhan K, Xu G Y, Yang N, et al. J Chinese Animal Husbandry,
2007,43(3): 1-3

[17] 3K/, Z bRk, Tabae, 4%, THRSP LK C184T 48 5% )11
PRV T PR A DG M B . b B RO R 2%, 2009, 42(11): 4058
4063
Zhang X B, Zan L S, Wang HB, et «al. Scientia Agricultura Sinica,
2009, 42(11): 4058-4063

[18] Wells W A, Schwartz G N, Morganelli P M, et al. Expression of
"Spot 14" (THRSP) predicts disease free survival in invasive breast
cancer: immunohistochemical analysis of a new molecular marker.
Breast Cancer Research and Treatment, 2006, 98(2): 231-240

[19] Anderson G W, Zhu Q, Metkowski J, et al. The thrsp null mouse
(Thrsp™<™) and diet-induced obesity. Mol Cell Endocrinol, 2009,
302(1): 99-107

[20] Kinlaw W B, Church J L, Harmon J, et al. Direct evidence for a role
of the spot 14 protein in the regulation of lipid synthesis. Biochem
Mol Biol, 1995, 270(28): 16615-16618

[21] Brown S B, Maloney M, Kinlaw W B. "Spotl4" protein functions
the pretranslational level in the regulation of hepatic metabolism by
thyroid hormone and glucose, J Biol Chem, 1997, 272(4): 2163—
2166

[22] Jia M, Luo L. The relation between mRNA folding and protein
structure. Biochem Biophys Res Commun, 2006, 343(1): 177-182

[23] Kahalia B, Basaka S, Ghosh T C. Reinvestigating the codon and
amino acid usage of S. cerevisiae genome: A new insight from
protein secondary structure analysis. Biochem Biophys Res
Commun, 2007, 354(3): 693-699

[24] Nishikawa K, Noguchi T. Predicting protein secondary structure
based on amino acid sequence. Methods in Enzymology, 1991,
202:31-44

[25] Kimura M. The Neutral Theory of Molecular Evolution. Cambridge:
Cambridge University Press, 1983: 149-193



90 EMFEEEYMIBHE Prog. Biochem. Biophys. 2011; 38 (1)

Association of Polymorphism in The Coding Region of THRSP Gene
With Lipogenesis Capability in Pigs’

ZHOU Qian-Qian"?,CHEN Hong-Quan">", WEI Han-Qing", QIN Jie", CHEN Hua"?, ZHANG Yi-Peng"
(" Anhui Agricultural University, College of Animal Science and Technology, Heifei 230036, China;

2 Local Animal Genetic Resources Conservation and Biobreeding Laboratory of Anhui Province, Hefei 230036, China)

Abstract Thyroid hormone responsive spot 14 (THRSP) is a nucleoprotein induced by thyroid hormone, which
makes an essential effect on the regulation of animal lipogenesis. In order to clarify the genetic mechanisms of the
differences between Chinese native pig breeds (fat-type group, FTG) and introduced pig species (lean-type group,
LTG) in carcass fat deposition, DNA samples of ear tissues were extracted from FTG(n = 228) composed of
Wannan Spotted, Jixi Black and Dingyuan and LTG (n = 92) from Landrace, Large White, Duroc and their hybrid
pigs and then detected the SNPs in the coding region of THRSP gene. The effects of SNPs on mRNA folding and
protein secondary structure in FTPG and LTPG were predicted using Vienna RNA folding software and YASPIN
web services, and their distribution and association with lipogenesis capability in FTG and LTG were analyzed.
The results showed that the homologies of nucleotide sequence in coding region of pig THRSP gene with human
and cattle were 86% and 88%, respectively. Two SNP sites, G123A and A308G, were located at 123 bp and 308 bp
away from the start of the CDS, respectively. The mutation at G123A site was a synonymous mutation, but the
mutation at A308G site caused the change of amino acids from lysine to arginine at 103rd site of THRSP protein
which resulted in the changes of casein kinase I phosphorylation site from TKEE to TREE, mRNA folding and
protein secondary structure. The frequencies of alleles 123G and 308A were 0.975 9 and 0.589 9 in FTG,
repectively, while that of alleles 123G and 308 A were 0.657 7 and 0.815 2 in LTG. The total frequency of gamete
123G308A and 123G308G in FTG achieved 0.975 9, while that of gamete 123A308A and 123G308A in LTG was
0.815 3. Data from the present study imply the association of polymorphism at G123A and A308G sites with

lipogenesis capability of pigs and their important regulating role in the expression of lipogenesis genes in pigs.
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