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[ Abstract]  Objective To screen the polymorphisms of the promoter regulatory region of the PPARy2 gene in
Wuzhishan minipigs. Methods Five pairs of primers were designed based on the promoter regulatory region of the
PPARy2 gene in pigs. Then, the polymorphisms of 57 outbred Wuzhishan minipigs were detected; moreover, the
promoters, transcription factor-binding sites, and secondary structures of RNA and CpG islands of the regulatory region
were predicted and analyzed by various types of bioinformatic software. Results Nine single-nucleotide polymorphisms
(SNPs) were found, which were — 1595T/C, - 1534G/A, - 1262C/A, - 1220C/A, - 1017A/G, - 963A/G,
-955G/A, -866A/G, and -333G/A. SNPs were not located in the region of promoters that were identified by the
software, but the —333G/A mutation was located in the core promoter region ( — 656 to —23 bp). Transcription factor-
binding sites were altered near the mutational locus. The minimum free energy of secondary structures of RNA was changed
and the structure of RNA was significantly altered. CpG islands were not found in the target sequence. Conclusions The
screened SNPs of the promoter region of the PPARy2 gene in Wuzhishan minipigs may affect regulation of the expression of
this gene, which lays the foundation for further study of its function.
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1k 48 Ak Py i A 38 R ) 300 AZ AR ( peroxisome
proliferator-activated receptor, PPAR ) J& A J2& 1990 4F
Tssemann 45 1 510 S B AY) B ok 1ot 481k 00 Al 1 4 591
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NI PPARy i ¥ 3 Y@k AL T 13 S5
1 . PPARy WIF2/E 4 b mRNA SR 4ifi5 2 Fb
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1.2 FERFSMUHE

1% DNA #2857 &, Omega 7\ Al ; Premix Ex
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Takara; 514, H9CHEHE L ( L) RO AR A E A
Ji%; TBE 2% il B 21K AR SE e = 3241, PCR X,
Biometra 23 F] , 1“5 TProfessional Standard Gradient;
B, L BTN — X #R ), 5 DYY-6C; 4= [ ol it
K% & 4, % Bio-Rad 73 7], 1 5 PowerPac
Basic 164-5050 ; Uit = 37 #i% , VL7316 11 BL A 2= FHAX
), B QLB6L ; i B0 ML, Sigma A H], S
3k18; A 25, i B AR A FR A ], B
K20-B,
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FEH R 31T ( GeneBank & 5% 5 . AY044238. 1) Fll
mRNA ( GeneBank % 5% %5 . DQ437885. 1) J7 4l #ff
FENE PPARy2 3 [ s R R T 3 2200 bp £
F P RS , F Primer 5.0 3044355 X519,
PLZ 3 mRNA 55 1 830 + 1 07, 51915 B
Fr= PR /AN 2 1, 7= W i K B 2068 bp (-
2011 ~57 bp) ., PCR R {& &y 80 pL, H
DNA # #x 8 L, Premix Ex Taq Hot Start i 5|
40 pL, ETFUFRA T (W EE 10 pmol/L) 4 pL,
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Table 1 Primer sequences, position,

and length of the PCR products

ElL7 SIHFII(5° —37) FEHILE (bp) PRI (bp)
Primers Primer sequences (5’ —37) Position of the products Length of the products
F: 5’ -CTCACGGCAACACCGAATC-3’
Pl : 2011 ~ — 1444 568
R: 57 -CAGCAACTTGTGGCTTT-3”
F: 5" -CTTTTGCTGGTTCCTTGC-3”
P2 : -1606 ~ - 1071 536
R: 5’ -GGGCTTGATACAGTTTAGAT-3’
F: 5’ -CAATGTTCAGGCATCAGC-3’
P3 ’ - 1186 ~ -596 591
R: 57 -ATAGACAAAGGGAGTGG-3’
F: 5’ -TGCAAGTTGGTTTATCCGGT-3’
P4 ’ , N, -856 ~ 276 581
R: 57 -TTCAGTGTCTTGTGAGG-3
F: 5’ -CCCACTCCCTTTGTCTAT-3’
P5 : -613 ~57 670
R: 5’ -CTCCCAGAGTTTCACCCAT-3”
R2 UGB
Table 2  Bioinformatic analysis software
RS Bt B
Predicted contents Software Websites
WWW Promoter SCAN http : //www-bimas. cit. nih. gov/molbio/ proscan/
BT Neural Network Promoter Prediction http ://www. fruitfly. org/seq_tools/promoter. html
[=1
Promoters Promoter 2. 0 http ://www. cbs. dtu. dk/services/Promoter/
Softberry http : //linuxl. softberry. com/berry. phtml
Tfsitescan http :// www. ifti. org/
S TLE A R TFSEARCH http ://www. cbre. jp/research/db/TFSEARCH. html
Transcription factor-binding sites GeneBuilder http ://zeus2. ith. cnr. it/~webgene/ genebuilder. html
AliBaba 2. 1 http ://www. gene-regulation. com/pub/ programs. html
RNA — %544
http.// . bee. msu. su/services >duced. html
Secondary structures of RNA Genebee ttp ://www. genebee. msu. su/services/ra2_reduced. htm
Bio-soft http : //www. bio-soft. net/sms/ cpg_island. html
MethPrimer http ://www. urogene. org/ cgi-bin/methprimer/methprimer. cgi
CpG & Webgene http : //zeus2. ith. cnr. it/ cgi-bin/wwwepg. pl
CpG islands X http : //linuxl1. softberry. com/berry. phtml? topic =
Softberry

CpG Island Searcher

cpgfinder&group = programs&subgroup = promoter
http : //www. uscnorris. com/ cpgislands2/cpg. aspx
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2.1 PCR F=#ilEFE

PCR ¥ 43 hy 5 Be &t , K/NH 536 ~ 670 bp
ZIa PR Yk A R LR 1, I b A R R B9
A~ SNPs, HAE DNA J¥41 947 & S WL 2, 4 SNPs
PRI AR L GEAR AR R 3,
2.2 FIEIIINESE PPARy2 RS EFHm

A 4 AR R B0E X 8 7 sEAT Jm, R
SNPs FRBEAT A AE ARSI G 3+ X3, 452 S
&4,
2.3 FIEIWNESE PPARY EREFREFE A
=Sl

FIH 4 PRV AEXT 38 1L /N BYSE ) PPARy2

FE R s PR 285 6 S U EA T T000 AT A A i R ]
£ TATA box . Pu box NF-kB ., GATA-1 % £ Fh %}
PPARy2 Bt EEAE IS G0 . R
P T FNEEAE 3B Je ] DL 53 IR - 245 5 o7 A i B i
KT (F5) , I HBUEB#E K A 7R 922 1) SNP
(VA=Y (1B
2.4 FIEWL/MEIRE PPARy2 B RNA — 2 &5
Sl

B RAZ R I ) PPARy2 R 1K DNA #2538 %k
T RNA 2 25 n 28 4k, 45 SR R B, 588 5 i
RNA 9 25/ i/ H R RE & B A8 4k, B - 1. 580
x 10°J/mol Z54 —1.566 x 10°J/mol, RNA
REERE A e A W] O | 2 A ZE IR S5 R A R
AL (B3
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DL2000 P1 P2

T ZE T A7 LA 43124 : D12000 marker, 100 ~2000 bp; 514 P1 9 PCR 74,568 bp; 514 P2 i) PCR 7,536 bp; 514 P3 #
PCR 7=#,591 bp; 514 P4 1) PCR 74,581 bp; 514 PS ) PCR f=#,670 bp,
B 1 PCR “YIBER UK SR
Note. From left to right, the lanes are: DI.2000 marker, 100 —2000 bp; PCR products of primers P1, 568 bp; PCR products of primers
P2, 536 bp; PCR products of primers P3, 591 bp; PCR products of primers P4, 581 bp; PCR products of primers P5, 670 bp.
Figure 1 Results of gel electrophoresis of PCR products

-1220C/A -1017A/G
-1262C/A -963A/G
-1534G/A 955G/A
-1595T/C _866A/G -333G/A . P
\I I/ ‘ r transcriptional start site
4
AKX

Screened region (2068 bp)

B2 HAE /NG PPARy2 2K SNPs 1£ DNA FE 41 T B &
Figure 2 The locations of PPARy2 SNPs of Wuzhishan minipigs in the DNA sequence

R3  HIBIL/NERE PPARy2 KK SNPs KL K 247 %
Table 3 Genotype frequencies of PPARY2 SNPs of Wuzhishan minipigs

SNPs Zhght FHHE Genotype P |
R Number of animals TT/AA TC/AG/AC CC/GG Mutation types
-1595T/C 56 0 18(0.32) 38(0.68) 4% Transition
_1534G/A 57 0 15(0.26) 42(0.74) 645 Transition
-1262C/A 57 19(0. 33) 22(0.39) 16(0. 28) Hii#ft Transversion
—-1220C/A 57 37(0.65) 18(0.32) 2(0.04) i#%: Transversion
-1017A/G 57 41(0.72) 16(0.28) 0 3 Transition
—963A/G 57 18(0.32) 22(0.39) 17(0.30) 3 Transition
-955G/A 57 35(0.61) 22(0.39) 0 4t Transition
-866A/G 57 16(0.28) 22(0.39) 19(0.33) fi A Insertion
-333G/A 57 37(0.65) 20(0.35) 0 %4 Transition
F4  TIEI/NESE PPARy2 SEIH 87 10 2%
Table 4 Results of PPARy2 promoter prediction in Wuzhishan minipigs
A IR AL SR o
Software Start site End site Score
WWW Promoter SCAN — — —
Neural Network Promoter Prediction - 1473 —-1423 0. 82

Promoter 2. 0 -184 — 0. 685
Softberry — — —
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R5 R[N FAE /NS PPARy2 SR s R 745 6 0 S 80
Table 5 Numbers of transcriptional factor-binding sites of PPARy2 gene predicted by different software in Wuzhishan minipigs

B S R 48 A i B VP O B
A Numbers of transcriptional factor-binding sites Numbers of binding sites with high scores
Software W1 R W1 R
Referenced sequences Mutated sequences Referenced sequences Mutated sequences

Tfsitescan 534 560 27 28
TFSEARCH 497 493 30 32
GeneBuilder 723 725 4 4
AliBaba 2. 1 168 172 — —

1F : Tfsitescan F4 : #5434 10 433 TFSEARCH K44 . #5434 100 43, 5eAIK 534 85 43 ; GeneBuilder 4 22 AHLEE 1. 0, JH FEAH{BLEE 0. 85 ; AliBaba
2.1 FAESH FURT C SR = 50 SR BESEE = 10 bp, A7 0 S /N =4, S/ INEREIRSFBE = 75% , S50 B R SIAEBIEE = 1% , B FKF =4 (4
. RAR-b’ ),

Note. Software Tfsitescan: 10 is the high score. Software TFSEARCH: 100 is the high score; 85 is the threshold score. Software GeneBuilder; Core

similarity is 1. 0; Matrix similarity is 0. 85. Software AliBaba 2. 1 parameters: Pairsim to known site =50; Matrix width =10 bp; Minimum number of

sites =4 ; Minimum matrix conservation =75% ; Similarity of sequence to matrix =1% ; Factor class level =4 (e.g. : RAR-b’ ).
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Note. Red numbers indicate the free energy of the stem ring structures. Black numbers indicate the positions of the base ( calculated

from the first base submitted). Green lines indicate RNA base chains.

Figure 3 RNA secondary structure prediction of the PPARy2 gene

2.5 PPARy2 EF CpG Bl

FH 5 FPASE BT PPARY2 A CpG 5,
ZHN : Obs/Exp (AR F 0.6,GC & KT 50% ,
KT 200 bp, 45RAKI CpG B IIFETE,

3 e

BE EIMZ A S PR CH) PPARy 3:H 275
BEAS, Yen 25 N PR IRIE T PPARy2 R A B4~
WL A5 5, C1431T 1 Prol2Ala A BE 54 K%
NE R 45 % 8 A O, Ja 8 7 K30y 98 A8 A A
—1279G/ AR RAE Prol2Ala 784K Pro/Pro #E [

RIFFAE RSO R , ATH X 2 BB R i S lgb: 5 1
TE 12 Ala 5 L AEFE I, U R BXF 2 AUBE IR 9% 1
54/ ™. Chan 25 A % B 156809631
19817428 1510510411 112629293 Fl 1512636454 1%
5N s T X 38 SNPs 5 2 U R 9 B 35 A G
PPARy2 W) s FIX I 548 C-2821T 1] G i 15
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RITE — 1473 bp 1 — 184 bp v & Al REAFAE PN S 3
T,3X 9 A~ SNPs #E AT 40 F FU 49 )i 2l F X3k, w1
REAE FH T o Athy 98 42 DX 38817 5 o L R g e ik, Hovp
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1EH .
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SRR TA5 G B R R A T AR X S AR R
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T ] 68 52 1] 322 356 PR 1) e S 2R 38 . 38 e 2944 1 U
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