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27 3K LT A B S T 3 % B (n=28) ¥ 2 K
FAE B L IR B IRl — B M ARl . ZEH 4] DNA
JeAE BT A AT A AR I WA R 1 2 4L ) R - 51
P kAR 2, Horh 3 Sk BUIL A (AA JE) 1 3
Sk BERE oy ) R 46 H % T RN Astore f- 17, 28 5 H
TRIzol Reagent(Invitrogen,Carlsbad,CA,USA) )\
B2 AU B AL RNA, Pz F e 5 3R & i =X
JCBE(RT-PCROFEA P HI AT cDNA 55—
12 FERKHA

TRIzol Reagent ( Invitrogen, Carlsbad, CA,
USA) s PCRmix (A T 22 ) 5 BR 6 1 N VI8 Mun 1
(TaKaRa) ; R ¥ N YT 8§ Sar I (NEB) ; DNA BE i
i) & CRE it e .
1.3 5l¥igit

LI ENSEMBL J¥ 41 ENSSSCT00000017610 4
M, 7 NCBI(National Center for Biotechnology
Information) Primer-BLAST Fi% 1145 %] 9 Xt & S
SN FN1 BB IR b 32 g, Hob, 519

FN1-cE20-26F/R, FN1-cE30-35F/R Hl FN1-cE34-
42F /R 4r i & T BT U1 A i+ 25.33 Al 40,
A 2 X5 H Ll FN1 £ 40 DNA #5314
E22 f1E27(F 1), 519 & F. & . TM {i.PCR
FEYI RN B A5 E 1) SNPs W3 2,
1.4 DNA ¥ &l

PCR ¥4 . & W SRR 20 pL, Hod b il 25
5] B 5% cDNA BiM 1 pl, XFH K 8. 2 ul,
PCRmix 10 gL, 10 mmol/L IiF [ 5| ¥ 1 5z 16 51 4
#% 0.4 pl, PCR SR 5 F . 94 CHUZEME 5 min
J& S HEFR 32 YK (94 ‘CAEME 30 .60 ‘CIE k 30 5,72 °C
FEAH 30~60 s),fxJ5 72 CHEM 5 min, PCR =4
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AAJEFT 3 o X BEAE AR & or IR A 2 43 v [l i
FH DNA 2k 500 £ 260 J5 3% 2 7 00 % . 5 51 I
B b 5 SR A P AR AT BR A R 58 B S R B
WTE 5z 2 AN FURE
1.5 PCR-RFLP #ill SNPs

PCR-RFLP 51 ¥ J¢ %) S ¥ H§ FN1 %k H 4
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#1 FN1EE PCR-RFLP FTHSIMER
Table 1 Primers used for PCR-RFLP of porcine FN1 gene
ElE/ER) SIFS (5'-3D) Sl AL E RN/ bp T™/C SNP i T PCR j= ¥ (i &
Primer name Primer sequence (5'-3") Primer location Product size ! SNP location in the PCR product
FN1E22F CGCAACCTCTCAGCAGTAAC Intron21 779 60 220A>G(1le-Val) exon 22
FN1E22R CCAGGAGACGGTAAGCACTC Exon23
FNI1E27F CAGGGCTTAGAGATGCTCCAG Intron26 357 60 244G>C(Glu-Asp) exon 27
FN1E27R GTAGCACCACATTTCGCTCCT Intron27
P EN1 & H 7415 A (826, NP_002017. 1) \ 4 (845
2 HERE55H

21 ¥ FN1 BERFMASEEREZRFEHTIC AN
ETEER

PLoXt FN1 JENEZ 5 Y155 7 706 bp mR-
NA FF3 . H o FE 2 HE 7 437 bp. Zifith 2 478 aa.
RIGHE M T ATG 7 T 1 4b 7, XL %BF
TAA 7 T4 45 48 F (& 1. & [ 5145081
/N FN1 RIS HES W kb B b B ORSF Y. J%

NP_001157250. 1) FI L (81 % , NP_001263337. 1) &
JE F 5

FN1 SR IEE 45 MM 7, 3k i &y 3
A EFEPE B U S DR AR, S T ST 3
A3 8 B D) A7 A5 A BT R RN IE R A e S A TR L
5% FN1-cE20-26F /R & T & 1E 55 U1 4h i
T 25,54 FN1-cE30-35F/R £ & ¥ £ tE 57 Ul 41 2
F 33,514 FN1-cE34-42F/R £ & ik B 8y 41 4h
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PG SEA, 1 Pl S PRI 0, 1 AP &3k (A (SNPs), Hidv, 19 4~ SNPs M [E L R AF, %‘ 2
gy YA A5, A~ SNPs il L RAF , F—A 5 LR BT

2.2 ¥ FN1EE4BEX SNPs il 45 £ SN T 148A>GL B 1 167 11e>Va1;%—/|\%%>‘4

FMERE T FNLEER 45 MR8 9 X ES  RARRA T4 27 S B+ 1 50G>C, 5151 435Glu™>
1 AEBINLRE FIE B8 (%5 6 350 cDNA 34T Asp. 5IW1E B MR HRZ S0 80K 2 FE 1,
157(E1) 70(E45)
ATG £25 £33 TAA

aim@mi
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imlallll@l e
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56 404 458 44 35 156 59 50 68 86 73 176 95 112 314
G>AG>A G>TG=>TA>G \>( G>A G>T G>C T>C C>T (>I(>I(>I (>I(>’\(>A(>]{>II>((>\
Pro Pro Asp Asp Thrlle-Val Lys ThrGlu-Asp lle  Lie  Thr Leu Thr Asp Ala  Ala  Pro Ser His Thr

FE B B E AR R S F (ATGO M T2 1AM F RIS F(TAA M T4 14 4hEF . BRSNS TN F. The
full ORF starts at nucleotide 157-159 (ATG) in exon 1 and terminates at nucleotide 70-72 (TAA) in exon 45. The location for each pol-

ymorphism is the nucleotide site in the located exon.

1 F5MEE FNI MRNA RBBR S SEREHAESERAES
Fig.1 In vitro translation of the FN1 mRNA and the identified polymorphisms in the coding region
as well as their corresponding amino acid abbreviation
x2 FNIEBERSIPMEZERESAMLRER
Table 2 Primers and SNPs identified in porcine FN1 gene
' JIALE IR/ bp SNP fii F PCR 7= i {37 &
id 51 (5°-3
é,’l%@ﬁ . eleL g ,) N Primer Product T™/C SNP location in
Primer name Primer sequence (5-3") X X .
location size the PCR product
FNI1-cE1-7F ACTGGAAGGGACTCCTCTGG E1l 988 60 569G>A exon 4
FN1-cE1-7R GGCTGGTAAATGGCTGTTCG E7
FN1-cE7-11F GGGATACCTGGAGCAAGAAG E7 888 60 362G>A exon 8
FNI1-cE7-11R GTCCCTCCTCGTGACGTTTG Ell 416C>T exon 8
FNI1-cE11-16F GCATCGGAGATCAGTGGGAC El1 879 60 No SNPs
FN1-cE11-16R CTGTGCTGGGAAGATCCAGG E16
FN1-cE16-20F GGTGGAGTATGAGCTGAGCG El6 925 60 220C>T exon 17
FN1-cE16-20R GCCAGGCTGCAGATTCCTTA E20
176 A>G exon 21
FN1-cE20-26F AGCCCAAGCAGTACAACGTG E20 1142 60 384 A>>G(Ile-Val) exon 22
FN1-cE20-26R ATTTGTGAGGACCACTGCGT E26 or 869 392G>A exon 22
464C>T exon 23
224G>C(Glu-Asp) exon 27
332T>C exon 28
350C>T exon 28
FN1-cE26-31F CTCCCACTGACCTGCGATTT E26 881 60 437C>T 28
FN1-cE26-31R CCACCTGACACTGATGCTGT E3l . exon
440C>T exon 28
746C>T exon 30
773C>T exon 30
. 415G>A  exon 32
FN1-cE30-35F TGTCCAGGAGTTCACTGTGC E30 946 60 703G> A 32
> n
FN1-cE30-35R CTGAGCTGGTCTGCTTGTCA E35 or 676 ’ xo
805C>T exon 32
FNI1-cE34-42F GGTAACACCCACAAGCCTGA E34 1472 60 631C>T exon 38
FN1-cE34-42R GCTCCCACTCTTCTCCGATG E42 or 1 005 1 093T>C exon 40
FN-cE42-45F TAAGCCAACCCACGGATGAC E42 740 60 368G>A exon 43
FN-cE42-45R AACACTCCCAGGGTGATGC E45
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H & B Mun | BEYIN S 28, BT EBZ N
S AT DR AR A B R R T R R P R AP AE 25
SO RAERFEL] DNA EEF& 514, 9 ks

x3

779 bp [ PCR =¥y, 58 2 i g i T % BT 91 220
bp &b, i — L AE 27 LB FN 24 Sk OE H A% ik
T Mun | -RFLP, 85 B A6 E 5 B b 2202 AA Y,
MAE BT P AA R AG BUSBUR 2, H 4
R GG B, F 25 Hras R B, B 5 EH
WA A5 0 5 R B R (P = 0. 041 6) 1 5 PR 4 %
(P=0.019 )27 W32 (% 3),

FN1 BEEE 22 P BFENRTA A (148A>G,1 1671le>Val) FESHAIEFEE R Mun | -RFLP 32"

Table 3 Mun | -RFLP results of the non-synonymous SNP (148A>>G,1 167Ile=>Val) in exon 22 for porcine FN1 gene

F K RIS K (n) Genotype frequency

FLRHI R (n) Allele frequency

B 1k i
Pig groups Number AA AG GG A G
BILR% AA pigs 27 0.54(14) 0.46 (13) 0 (0 0.76 (4D 0.24 (13)
iF %8 Normal pigs 24 0.79 (19) 0.21 (5) 0 (0 0.90 (43) 0.10(5)
P {fi P-value 0.041 6" 0.019 8~

1) % ;P<C0.05. FId, The same as below.
2)FN1 R K5 27 4h &+ Sar | -RFLP, FNI1
B 27 AN T 50G>C & — A4 XA
RN Sat 1 B UIAL S0 28 M. X H I 4
DNA #3154, PCR F=4¥) 357 bp, 28 A5 15 7 1% Bt
JEA AL T 244 bp Kb, FRATHE 27 K BIALRE R 28

SLIE W %t 647 Sar | -RELP, 25 52 % 30, 76 %) IR 5%
W RS GG FE AL, JC CC JEHAL; e 8T b &
B GC EH B, I 2 f) CC FM A, Jr 250 i &b
FEIR U 5 IE 5 R AL i B R 22 7 o 3
(P=0.015 8) (HIL R BRI F2EF(E D,

R4 FNIERE 27 MBFENRTAME(50G>C,1 435Glu-Asp) FESIAIEMIEE 3 th Sat | -RFLP & R
Table 4 Sat | -RFLP results of the non-synonymous SNP (50G>C,1 435Glu-Asp) in exon 27 for porcine FN1 gene

BEIK b P BUIR % (n) Genotype frequency JEHS () Allele frequency
Piggroups Number GG GC cC G C
B AA pigs 27 0.26(7) 0.67 (18) 0.07 (2 0.59 (32) 0.41 (22)
IE# % Normal pigs 28 0.61 (1D 0.39 (1D 0 (0 0.80(45) 0.20(11)
P {H P-value 0.070 9 0.015 8~
3 i+ # NS RATH SNP & R 4 2 N1 H 5 40 95

RETTPATBAE N B O 55 22 Bl L s 49 b 35 47
Az AH T AT N AGE R T AT P B gt A 7 A
LA DRI L A SC AR O A8 TR0 4 3 T 1T BT 8 199 3t
R T HH BRI

XEALTT B IR RGBT 50 8 FATER BT
J i B B T BRAE M . 2 S E B R L R R
Jif 14~15 d Sy A Jes 64 % 7 B 300 L DUIR B B 1 e
I 78 PR R IR AR TR 2 S H W e e o B oA
FERHE ., AEAR Z 22 IR A B 9 T I L il
< Rt B Y R 2R A S A R B D DR TE R T] M o
R SCEERRIR T L] B R B9 R BUR IR X 3 4>
WAL R IJFHERN W S5 TS
PP DIAR G 4 7 40 B 04 T DR R VR IR A T]
W IE W R R OCHELE 2 T SRR A R

T DI N, FN 3 TRAIL (b g
WNBE A F #H 5 1 7% S it 7 s TNF-related apopto-
sis inducing ligand) % 5 K B HSC-T6 #& Al v,
PFAK FiLH N, AR N Bax 35T, W UL FN
REfEIM A AN A I T RN S I Rk A
Xof IE 8 S L AAT ) B W T R LI W oA ity 20 21 3
TP 354007 . R B FNT JEP7E 8 L B W A i 20
LR IRIKF LU IE X B 41 21 ik K B4 £,
XHER FN1 SEE AT REFEAL T B & & o b & 1%
HEEM.

ABI ST UG S B AR TR FN1 [ 7 437
bp Y I e 32 A L TN T OH 2 BE R 41 Bk B A
W7 25,33 F1 40 52 3 DREFEETT DI A X 5 AR
M 45 W . (Has IR 02 th T3 G AR
K, A RE A 245 s A R, FRATT K B 3 i i
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Cloning and coding region mutation of FN1 as an anorectal

malformation candidate gene in pigs

JIN Qiu-shi LIU Rui-ze YU Mei LI Xiao-ping

Key Laboratory of Agricultural Animal Genetics/Breeding sand Reproduction of Ministry of
Education, Huazhong Agricultural University ,Wuhan 430070 ,China

Abstract SNP (single nucleotide polymorphism) chips were applied to screen the candidate genes
linked with anorectal malformation,and the Fibronectinl (FN1) gene on porcine chromosome 15 was
captured as a candidate gene. By direct sequencing using the cDNA pools, we obtained the porcine FN1
mRNA sequence with a 7 437 bp ORF,encoding 2 478 aa. And 21 SNPs as well as three regions subject
to alternative splicing were also identified. Of these SNPs,two (148 A>>G in exon 22,50 G=>C in exon
27) were non-synonymous (1 167Ile>Val, 1435Glu-Asp). PCR-RFLP analysis of these two SNPs sug-
gested that the allele and genotype frequencies in the AA pigs and unaffected pigs were different
(P<C0.05). Therefore, FN1 mutations may affect the normal development of anorectal process,but the
result need to be further verified.

Key words FN1; anorectal malformation; pig; SNPs
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