CHAPTER IV
RESULTS

L Identification of polymorphic sites in the cDNA sequence of the porcine
vinculin gene.

Nine pairs of primers as shown in Table 1 were derived from the cDNA sequence
of the porcine vinculin gene (Ponsuksili et al., 1999 ; Accession number AF165172)
suitable to amplify nine overlapping fragments covering the whole sequence of 5172 base
pair (bp) with 41 bp of 5" untranslated regions, 3203 bp translated sequence and 1928 bp
of 3" untranslated region. The position of the primers, start and stop codon are illustrated
in Figure 16. The start codon (ATG) is in fragment 1 and the stop codon (TAG) is in
fragment 6.

The porcine sequence has 94% homology to the human cDNA sequence. The
amino acid residues show 99% identities. The human protein consists of 1066 amino
acids whereas the deducted porcine protein has 106'.7 amino acid residues, with one
additioﬂal lysine at position 262. Comparison: of amino acid sequence of the porcine and
humar; vinculin is given in Figure 17.

To detect polymorphisms in the vinculin gene the nine overlapping fragments
were amplified with the primer set mentioned above from animals of five different

breeds, cloned and comparatively sequenced. The sequences of the cDNA fragments
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were compared using the BLAST software (http:/www.ncbi nlm nih._gov/) and muitiple

sequences aligment on the World Wild Web site of BCM (http:/dot.imgen. bem.tmc.edu).

First analysis of the sequences revealed 7 potential single nucleotide polymorpisms,
SNPs, at the positions 21 (A to C in F2), 213 (G to A in Duroc), 294 (C to T in
Hamshire), 1575 (C to T in F2 and Hamshire), 2382 (C to A in Hamshire), 2457 (A to G
in Hamshire) and 4197 (G to T in German Landrace) (showed in table 2), the first four
NSPs four clones were selected per animal and another NSPs three clones were selected.
In order to confirm the polymorphisms each fragment was repeatedly sequenced
that revealed a potential polymorphic site afier the first analysis. Therefore, all steps
beginning with the PCR were repeated from the animal suspicious to carry a lnew allele
and one of the other animals. For each of the fragments three clones were selected per
-animal and comparatively sequenced. Three of the SNPs at the positions 2382, 2457 and
4197 (figure 18-20) were confirmed. The comparision of amino acid sequences derived

for the sequences revealed that the polymorphisms do not affect the amino acid sequence.

1L Establishment of protocols for PCR-based genotypic at the polymeorphic sites
of the vinculin gene. |

In order to derive PCR-RFLPs to allow genotyping at the three polymorphic sites
the solftware package “webcutter” available at the World Wild Web site of BCM was
used to screen for restrictioﬁ enzyme suitable to differentiate between the allelic variants.
It was found that the restrictions enzymes Xcml, Bfal and Mbol will be allowed to

genotype at the positions 2382, 2457 and 4197 respectively. Therefore, new primers
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were derived that léd to the production of fragments of 146 bp, 292 bp and 371 bp,
repectively, from genomic DNA. For the polymorphic site at position 2382 the two
different alleles that were obtamed reveal fragments of 146bp (uncut) or 94 and 52 bp
(cut). The PCR-RFLP used to genotype the SNP at position 2457 gives one bands
representing a fragment of 292 bp for one allele and two fragments of 233 and 59 bp for
the other allele. The 371 bp product of the PCR designed to genotype the SNP at position
4197 has a constant cutting site for Mbol. Therefore, one allele is represented by
fragments of 203 and 168 bp and the other allele is represented by three fragments of 203,

115 and 53 bp length in the PCR-RFLP.

~ HI.  Physical mapping of the porcine vinculin gene

The use ot the mine primer pairs which had been successfully used for
ampiification starting with cDNA, to amplify the corresponding regions starting with
genomic DNA revealed detectable bands only for fragments vin 6, 7, 8, 9. These primer
pairs were tested for their suitability to be applied for chromosomal assignment using the
ImpRH panel. Since primer pair vin 8 up/dw revealed a clear strong band from porcine
genomic DNA but not from hamster DNA, it was chosen for physical mapping. Regional
assignment was achieved through the concordant segregation of PCR products and
chromosome fragments retained in the hybrid cells (Robic et al, 1996). Statistical
analyses were achieved using the computer program which is accessible on the World
Wide Web site of INRA. Vinculin was assigned to chromosome 14 in 25 cR and 45 cR

distance to microsatellites SW1536 and SW2105 (LOD score 13.89 and 8.92).
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Table 1 Primers for amplified porcine vinculin gene.

Primers Oligonucleotide Annealing
Sequences (57-37) Temperature( °C)

Vinlfw TTCTCTGTAGCCCGCGETTC 61

Vinlrev CETCAATCATCTTEGCCATC

Vin2tw AAGATGATTGACGAGAGGOAG 57

VinZrev ATECTCTGCTTTGHGTTGéTﬂ

Vin3fw GARAGCCATGACCAACTCR B

Vin3drev CTETGCTTGCTCRATCTTGC

Vindfw GCAAGATTEAGCAAGCACAG 61

Vindrev AACCTGGGGTGTGAGTTCTC

VinS£w TCACACCCCAGGTTGTCTCAG 61

VinSreav ACCTCACCCTCAGGCAGAGS

Vin6fw CTGACARGATGAGCTTGCTOCTC 60-57 (TD)

Vinérav CTTTCCATGTTGCTGCTGACTC

vinTEw CTACCTGGTTCCTTTTCAGAAG 58

VinTrev CTCATTTAGGAAGCATCTAAGE

Vingfw TTCTTTCTGAGCTGAAATGCTS 63-58 (TD)

Vinfrev GAATTCTTGCCTGAATGTCCTT

VinSfw ARCTATGTTTCTTCCCARAGE 54

Vinsrev AGAAGAGGCGGAAAATATITG




Figure 16

Porcine vinculin sequence, showing primer sequences, start and stop codon

and point mutation positions.
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ARGAGTTCCC
ATGGCTGCCR
CRAATGACATC
TETCTCEECT
TETECCANGE
GGAGGTTGCC
AGGTATGCGA
ACAGTGARGE
TEAGCAGGCD
CTGTGRRGGA
PCGGATECTG
GTAGRCACCT
TGAAAATGET
ANGCCACATC
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4201 TCCTTTTSAA ATTTAACCCT ALGARTTGGT GOTTGTCCCC CCOAGGRAGTGT
435] TTRATGGARA GGCAATCCTG TTTGCAGGAC ACTTCCTACG TARGGGAGGT
4401 GGTTACCTGC AGACTGGAAT TCTGGCACTG CTGGGGATAR ATCAATGGAR
4451 AGTAGTCCTC AGTAATTCCT CCCTCTCTCA GCCAACAACC ACCARGCCCT
4501 GTGCCTCCTC CCCTCCCAAG TACAGTTATT CGAGAGACTA ATRGGTATAL
4551 TATTTAATTA TCRCCATAAT GTTTCCTATT AGCANAGTCA GAGAGRAGGED
4601 RATTTTTCCT TTCOCACACT TRCCACTGOT GTCTARGCAT TCCCCALCAC
4651 ATGRARCTAT GTTTCTTCCC AAAGCCHGAA CTGGATGLAGT ARAGGAGTAR
4701 GAATTCTTEC CTGAATETCC TTCOTTOCCA CTTCCARTET GTOTTAGATC
4751 CTARCAGCAA ATGTGTAARNA CTTGTCTTAR GTPEGTACTE TACACTORGE
4801 CTTCCTCTGT TTCCTTTTAR CTGATGACTA TTTTCAAGGC CCTCAGCATC
4851 TTTCTATLAT TEOTTACCTE ATATRARTEC AATATTAATG CCTTTARAGT
4901 ATGAATCTAT GCCAAAGATC ACCTTTTGTT TTACTARAGA TTACTTAGAG
4551 GAAARARGAR ABATCATGTT TGCTCTCCAR GTTCTTCCAG TGTTTTGAGA
5001 CACTGGCTTA CACTTTACGC CAATGTGCTT TTCTCTAATA TAGTGCTCAR
5051 GACACAGTGA AGCAAATTAA ARRAGARAAN BAAARATCCC CGALTGCTGA
5101 TTAGCGACAT CACCACTAAA ARARCATTTA TAAGCTAGGA TTTGTTATAT
5151 GCARATATTT TCCGCOTCTT CT
it
Table 2 Sequence changes in porcine vinculin gene.
Position Base change Within breed Amino acid
21 A-C F2 Arg—Arg
213 G- A Duroc Lys—Lys
294 C—>T Hamshire Asp—Asp
1575 BT Hamshire and F2 Ala—sAla
2382 C—oA Hamshire Thr—Thr
2457 A—->G Hamshire Leu—Leu
4197 G—>T German Landrace Gln—Gln
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Table 3 Intron structure in fragment 1. estimated by comparative to the other species of

vinculn gene.

Position in porcine vinculin Length of Intron (bp) Related to species
183 100 Human
185 100 Mouse
279 369 Human and Mouse
539 260 Human and Mouse

Figure 17 Compansion of human and porcine vinculin structure.

Human vinculin
Sequence 1 (P18206) Length 1066 (1. 1066)

Sequence 2 Porcine vinculin  Length 1067 (1. 1067)

NOTE: The statistics (bitscore and expect value) is calculated based on the size of
nrdatabase

Score = 1884 bits (4826), Expect = 0.0

Identities - 10631067 (99%), Positives= toea/1067199%), Gaps- 11057(0%)

Query: 1 MPVFHTRTIESILEPVAQQISHLVIMHEEGEVDSEAIFDLTAPVARVOAAVENLVRVEEE &0
MEVEFHTRTIES ILEPVAQQOT SHLVIMHEEGEVDGEAR T PDLTAPVARVORAAVSHLVEVGEE
Shjct: 1 MPVFHTRTIESILEPVADQT SHLVIMHEECEVDGKATFDLTAPVAAVOARVENLYVRVGEE &0

Query: 6lTVOTTEDOILNFDMPPAFIKVENACTRLVOAACMLOSDPY SVEARDYLIPGIRGILSGTS 120
VO TTEDOILKRDMPPAF I EVENACTFLYOAAOMLOSDPY SVFARD Y LIDGSRGILSGTS
Sbjct: G1TVOTTEDQILKRIMPPAFIKVENACTELVOAAOMLOSDPY SVFARDYLIDGSRGILEGTS 120
1EH
4
Query: 121 DILLTFDEAEVREITRVCKG I LEY LIVAEVVEIMEDIVT Y TEKNLGPGMTEMAKMIDERDD 180
DLLLTFDEARVRKIIRVCRKGILEY LTVAEVVETME DLV T Y TRNLGEGMTEMARMI DERDD
Ebjct:121DLLLTFDEAEVRKIIEVCKGILEY LTVAEVVETMEDIVT YTKNLGPGMTEMAKMIDERDD 180




61

208
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Query: 1B lELTHQERRVMLVNEMNTVKELLEVL ISAMKI FVTTENS KNOGI EEATFNENFTVE KMSAE
ELTHQEHRVMLVNSMNTVHELLPVL ISAMKIFVTTEN SKNOGI EREALKNEN FTVEEMS AR

Shict:18 lELTHOEHRVMLVN SMNTVEELLEVL IS AMKT FVT TEN S ENOG L EEA LKNRN FTVEEME 1B

259
srepetitive regignl

Query: 24l INEITRVLOL P SWDEDAWAS K- DT EAMKRATAS TISRLNQAKGWLRDPSA S PGLAGECAT
INEITRVIQLTSWDEDAWASK DTEAMKRALASIDS KLNOARGWLADE+ASPGDAGEOAT
Sbjct:241INEIIRVLOLTSWDEDAWAS KKDTEAMERALAS T0S KINGARGWLAD PTAS FEOAGEGAT

Query:300RCILPEAGEVGELCAGKERRET LG T CHMLG QT OOV ADLRARG OGS SEVAMOR ADOVEDS
RQILDEAGEVGELCAGKERRET LETCEMLGOMTDOVADLRARGOG+S PVAMOKAGOVS GG
shict:301R0ILDEAGREVEE LCAGKERRE I LGT CRMEGOMTDOVAD LRARGOGA S PUAMORACOVE DS
369 |
‘repetitive regionZ
Query; 3601 DVL IAKVENAARKLEAMTNS KOS IAKK T DARONWLAD PNGGPEGERQ TREGALARARKTA
LDVLTARKVENAARKLEAMTNSKGS IAKK T DAAONWLAD PNGGPEGEECIRGATARARKIA
Shict 361 LDV TAKVENAA RELEAMTN S KOS T AKE I DA A ONWLAD PN GG P EGERO TREATL ARARK TA

Querv:42DELEDDPHERDDILHEEGEESﬁLTEKLAELRRQGKG@SFEhRALAKQVlTﬁLQHLQTHTNE
ELCDDPKERDDILRSLGEISELTSKLﬁDLRRQGKG?SPEﬁRAL&KQVhTALQHLQTKTNR
Sbjct:421ELCEDPHERDDILRSLGEIEHLTSKLADLRRQGHGDSEEAR}LAKQVATALENEQTKTHP

480
¢repct1tive regian3
Query:QEGAVANSRPHEAAVHLEGREEQAQRWTHNPTUUﬂRGVEQRAERELMAEGHRLAN?MKGPYRQ
R?ANSRPAKEA?HLEGRTEQAQRHiDNPTVDDRGVGQEAIRGLVAEGHRLAHVHHGPYRQ
Sbjct:481AUANSRFRK&AVHLEGEIEQADRWTDHPTVUDRGVEOAAIRGLVIEGHELEH?MMGEIRQ
I % 4]

240

240

200

359

260

415

420

473

480

338

540

+Tendem repeat

Cuery:S40DLLARCDRVA KK KN XXX X REECGES POARALA S DT.ODS LEDLEARMOEAMTOEVS DVE
DLLAKCDRV RGEGESFUARALASOLODS LEDLEARMOEAMTOEVSDVE
Sbjct:541DLLAKCORVDOLTAGLADLAARGEGES POARRLASOLO0S LEDLEARMOEAMT QRS DVE

Query:EﬂDSDTTTPIKLLHVAATAPPDAPNREE?FDEREANFEﬂHSKXKXXXXKKXKHKKKXHXSTVE
SDTTTPIRLLAVAATAFPDAPHREEY FDERAANFENHS STVE
Shjct:Eﬂ15DTTTPIKLLHV&ATAFPDAPHEEEVFDERHAHFEHHSGRLGLTAEKAAR?GTANKSTVE

Duery:660CIOASVETARELTPOVV SAART LLRNPGHNOARYEHFETMENOW I DNVEEMTGLVDEAIDT
GIQASVETARELTEOVVSAAR TLLANPGNOAAYEHFETMENOWI DNVERMTGLVDEATDT
Sbjct: 661G IQASVKTARELTPOVVEAARILLENPGNOARYEHFETMENOW I DNVERMTGLVDEALDT

Guery: TZ0KSLLDASEEAT KR DLDKCEVAMAN IO PCMIVAGATS IARRANRI LLVARKEEVENSEDFRF
ESLLDASEEATKEDLDECKVAMANIQPOMIVAGATS TARRANRI LLVAKREVENS EDPKR

Skjct:721KSLLDASEEATKEDLDRCKVAMAN IQPOMLVAGATS ITARRANRI LLVAKREVENS EDEEF
791 837
{ X!

Query: 8 0REAVRAASDELSKTT S PMVMDAKAVAGN I SDEGLONSFLDSGYRILEAVARVREAN XY
REAVEARSDELSKETISPMVMDAKAVAGNISDPGLORS FLOSGYRILGAVARVRER
Sbjct: B IREAVREAASDELSETLS PHVMDAKAVAGNI SDPGLOK S FLOSGYRILGAVARVREEAFOEOE

525

600

659

ael

718

T20

Wi

T80

839

g4
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Query: 404NN NN KN AL T DE LA SR i KOO HHOEACGEVINGEMM 8935
RLTDELA QEAGEVINOEMM

Sbijct:841PDFPPEPPLILEQLRLTDELAPPHPPLPEGEVFFERFFPE EEKDEEFPEQRAGEVINQEMM 200

Query: S00MARRQLADRARKWS SEGND I TAARKFMALIMAEMSRLVREGGEGTRAALI QCAKDTARASD 859
MAARJLADEARKWS SEGHDIIAAAKRMATIMAFM A RLVRGGSGTRRAALIQCARD IAKASD
Shijct: 90 1MAAROIHDEARKWS SEGHD I TAAARFMALIMAENMS RLVEGGSGTRKRALIQCAKDIAKASD SE0

Query: $E0EVIELAREVAKOCTORRIRTNELOVCERIPTES POLKILATVRKATMLGRTNISPEESEQALDLS
EVTRELAKEVAKOCTOKRIRTHLLGVECERIPTIS TOLKI LS TVHATMLGRTNISDEESEQR
Shjct:9 £1EVIRLAKEVAKGCTDERIRTNLLGVCERIPTIS TQLKI LE TVEATHMLGRTNI SDEESEQAL G2d

uery: 1ﬂzammmm3mmmmmmmhﬁmﬁmmmo laes
TEMLVEHAONIMGSVEETVREARAAS IKIETDAGETLEWVRET FWYD
shict: 102 1 TEMLVHNACHLMOSVEETVEEARAAS IKIRTDAGETLEWVERTEWYQ 1087

Figure 17 has shown the structure homology of human (M33308) and porcine
vinculin amino acids sequences. Amino acids residue 1 — 258 is N-ternimal domain,
central domain, 791-962 is C-terminal domain, Amino acid in bald letters are identical to
Drosophila (X96601), C.legans (J04804), Gallus gallus (J04126) compared to porcine
vinculin. These regions are highly conserved. The red letter at position 262 has shown
the 1 amino acid inserted in Porcine vinculin but the other points are shown amino acid
which encoded by single base change. The dark blue sequence shows the talin interaction

region and the pink sequence shows the proline-rich region domain.
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Figure 18 The point mutation at position 2382 with in Hamshire.

Hamshire 2382

TTG&GCEHHHEARTCTCCCCAATGGTGHTGGATGGRHEGGCTGTGGCHGGAEACATTTC
Puroc

TTGAGCAAAACCAT CTCCCCANTGGTGATGGATGCARAGGLTGTGECAGGARACATTTC
German Landrace

TTEAGCARARCCAT CTCCCCAAT GAT AT GEAT GCARAGEC T T GGCAGGARACATTTE
Pietrain

T GRAGCARARCCAT CTCCCCAR TG T GAT GEAT GO AR GECTETEGCAGGARATATTTC

TTEAGCAARACCAT CTCOCCART GG T GATGGAT GCARAGGCT G T GEOAGEARLCATTTS

ConNsSensus - AL

TTEAGCARARCCAT CTCCCCARAT GETGAT GEATGCARRGEC TET GEGCAGGARACATTTC

Figure 19 The point mutation at position 2457 within Hamshire ( A to G, the picture

show in N700 or anti-sense strand).

AGTC wiG T € AGTC AGT C AGTC

Hamshire Duroc German Landrace Pietrain F2




Figure 20 The point mutation at position 4197 within German Landrace (G to T).

Hamshire

TTTTGETAT T T CCC T CAGAT COT TCC TARAT GAGAT TT TARAGATATGT GTTTGTECTA

Dureoc

TTTTETATTCTTCCCTCAGATCCTTCCTARAT GAGATTTTARAGATATEGTGTTTETTCTA

German Landrace 4197 !
TTTTGTATTCTTCCCTCAT&TCCTTCCTﬂnATGﬁGﬁETTTﬂAﬂGﬂTﬁTﬁTGTTTGTTETR
Fletrain

TTTTGTHTTCTTCCCTCHGﬂTCETTCCTAAHTG#GHTTTTHAAG%THTGTGTTTGTTCTR
FZ

TTTTGTATTCTT CCCTCAGATCCT TCCTARAT GAGAT T TTARAGATATGTGTTTGTTCTA

consEensus

TTTTETATTCTTCCCTCAGAT CCTTECTARATGAGATTTTAAAGATATETET TTETTCTA

Figure 21 The sampleto identify result of RH-panel

Marker C Ham Pig

N&tﬁher of panel |
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