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Summary

The initial focus of this PhD project was on comparative gene mapping. Comparative gene
mapping is facilitated by consensus PCR primers which amplify homologous gene fragments in
many species. As a part of an international co-ordinated programme of comparative mapping in
pigs, 47 CATS (Comparative Anchor Tagged Sequence) consensus primer pairs for loci located
on human chromosomes 9, 10, 20, and 22, were used for amplifying homologous loci in pigs.
After optimization of PCR conditions, 23 CATS products have confirmed by comparison with
homologous sequences in GenBank. A French somatic cell hybrid panel was used to physically
map the 6 porcine CATS products distinguishable from rodent background product, namely
ADRA1A, ADRA2A, ARSA, GNAS1, OXT and TOP1. Of these, the map location of ADRA1A and
OXT showed inconsistency with the previously recognised conserved relationship between
human and pig. The other four loci mapped to positions consistent with known syntenic
relationships. Despite low levels of polymorphism, frequently indistinguishable rodent and
porcine products in somatic hybrids and some confusion of identity of gene family members,
these CATS primers have made a useful contribution to the porcine-human comparative map.

The focus of the project then changed to genetic and molecular characterisation of
endogenous retroviruses in pigs and their relatives. Pigs are regarded as a potentially good source
of organs and tissues for transplantation into humans. However, porcine endogenous retroviruses
have emerged as a possible problem as they can infect cultured human cells. Two main types of
pig retrovirus, determined by envelope protein, PERV-A and PERV-B, are widely distributed in
different pig breeds and a third less common type, PERV-C, has also been recognised.
Endogenous retroviruses were analyzed from the Westran (Westmead transplantation) inbred line
of pig, specially bred for biomedical research. Thirty-one 1.8 kb env PCR product clones were
sequenced after preliminary screening with the restriction enzymes Kpnl and Mbol. Five
recombinant clones between A and B were identified. 55% of clones (17/31) sequenced had stop
codons within the envelope protein-encoding region, which would prevent the retrovirus from
making full-length envelope protein recognizable by cell-surface receptors of the virus. The
endogenous viruses were physically mapped in Westran pigs by FISH (Fluorescence In Situ
Hybridisation) using PERV-A and PERV-B envelope clones as probes. Preliminary FISH data
suggest that there are at least 22 PERVs (13 PERV-A and 9 PERV-B) and the chromosomal
locations of these in the Westran strain are quite different from European Large White pigs. The
sequences and mapping results of inbred Westran pig suggest that there are relatively few PERV
integration sites compared with commercial pigs and further that a large proportion of clones are

defective due to premature stop codons in the envelope gene.
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To investigate the relationship of endogenous retroviruses in peccaries and pigs, a set of
degenerate primers was used to amplify peccary retroviral sequences. The sequences of two
putative retroviral clones showed close homology, albeit with a 534 bp deletion, to mouse and
pig retroviral sequences. Also, four non-target sequences were amplified from peccary with the
degenerate retroviral primers. They are a part of the peccary cofilin gene, a SINE, and a sequence
containing a microsatellite. The peccary endogenous retroviral sequences are significant in that
they are the first such sequences reported in peccary species and repudiate old claims in the
literature that peccaries do not have C-type retroviral sequences.

VII



*H
5-BrdU
ANGIS
APS

bp
BSA
CATS
cM
cpm
dATP
dCTP
dGTP
dTTP
DNA
dNTPs
EDTA
FISH
FITC-avidin
g

g
kb

LB

oD

nm
PBS
PCR
PERVs
PHA
PiGMaP
PSF
PWM
RFLP

Abbreviations

tritium

5-flourdeoxyuridine

Australian genomic information service
ammonium persulfate

base pair(s)

bovine serum albumin

comparative anchor tagged sequences
centi Morgan

counts per minute

deoxyadenosine triphosphate
deoxycytidine triphosphate
deoxyguanosine triphosphate
deoxythymidine triphosphate
deoxyribonucleic acid

deoxynucleoside triphosphates (dATP,dCTP,dGTP,dTTP)
ethylenediamine tetra acetic acid
fluorescence in situ hybridisation
Fluorescein isothiocynate conjugated avidin
gram

centrifugation force

kilobase pair(s)

Luria-Bertani medium

optical density

nano metre

phosphate-buffered saline

polymerase chain reaction

porcine endogenous retroviruses
phytohaemagglutinin

European Community initiated international pig gene mapping project
penicillin, streptomycine, and fungizone
pokeweed mitogen

restriction fragment length polymorphism

VIl



RNA
Rnase
QTL
rpm
SDS
SNP
TAE
Taq
TBE
TE
TEMED
Tris
MCi
pl
uM
uv

ribonucleic acid

ribonuclease

= quantitative trait locus

revolutions per minute

sodium dodecyl sulphate

single nucleotide polymorphism
Tris-acete-EDTA buffer

Taq DNA polymerase
Tris-borate-EDTA buffer
Tris-EDTA buffer
N,N,N’,N’-tetra methyl ethylene diamine
Tris(hydroxymethl)aminomethane
micro Curie

micro liter

micro Molar

ultraviolet

voltage



List of Contents

DECLARATION. .. o e e e e e e I
DEDICATION . .. e e e 11
ACKNOWLEDGEMENTS. ... e v
SUMM AR L e VI
ABBREVIATIONS. .. e VIl
LIST OF CONTENTS. ..o e e, X
CHAPTER ONE: INTRODUCTION......oiiiiiiiii e, 1
1.1 GENOME MAPPING ...ttt et et etaeeee eeseee e et s e e e e e e s e e e et ea s nee et sea i ee e ennaen e eee e 1
1.1.1.  MARKERS FOR GENOME MAPPING ... .. teuut st ttinenaen e et sentee e tesee e eeen e e aen e en een 1
1.1.1.1. Conventional markers
1.1.1.2. DNA markers
I A €1 o 41T o] o [PPSR PRTRPRI
1.1.2.1. Linkage (GenetiC) MaPPING ....coves et iet ettt ittt e et et ettt e e e e aeeeanens 4
1.1.2.2. Cytogenetic (Physical) Mapping ........c.ovevriuniiie et e e e e 5
1.1.3. PiQg gENOME MAPPING .vveetetirteieriaians oo eeettt it eesaeeesaasaesaee st aastasbnaatesbn it eesbeetbnsanaesbenes 6
1.1.3.1. PiGMaP and PiIGMaP reference families.............ooviiiiii e 7
1.1.4.  Application Of geNe MAPPING .....ccviirt vor ettt ettt e et e e et ee e e e eeveeae 8
1.14.1. [0 1 [ o1 o g o) S 1 I PPN 8
1.14.2. Marker Assisted Selection (MAS) ..ot it 8
1.143. Identifying the genes underlying QT L ........ouuiiii it e e 9
1.1.4.4. Comparative genNe MAPPING «..voveers vunneeeeneneeeeeneeere e aaeean e aaeeanneeeean e aeeeananeaenennans 9

1.2. RETROVIRUSES .....uvveteiettieeeeetteee st e ete et eae e eteiieaeaeeeeaaee sneiessnnnensnsneesnnneesenneeenenneennnn.d0

1.2.1.  Structure and life CycCle Of FELIOVIFUS........c.vu it e e e e 10
1.2.2.  Classification Of FEIFOVIFUSES......cveot ceeiit et ettt et et et et et e et e e e e eees 12
1.2.2.1. Retroviruses in different NOSt SPECIES. .. .. ..uvu ittt e e e e e e e eeeeeees 14
1.2.3. RetroVIral VAriation .........coouiiiiiins ittt s e ettt e et
1.23.1. Mutation and deletion
1.2.3.2. RECOMDINATION ... e e e e e e e et e e e e e neae
B (= 1 o 1= (-] 01T o PPN 18
1.24.1. Endogenous retroViruses (ERVS) ... ...ieiriiiiii e 19
1.3. XENOTRANSPLANTATION ..cutetittte eet et res e neatae set e set s reseesaee e aee e ne ta e een e een e 20
1.3.1. Barriers to Xenotransplantation ...... ........o.iii i e 21
1.3.1.1. HYPEIACULE TEJECTION ...ttt e e et ettt e e et et e et e e e eeeeenees 21



1.3.1.2. Cell-mediate IMMUNITY ...ovveeis e e et e e e e e e v et e ve e eae e ee e e e een e aeeeanees 21
1.3.2.  Genetic manipulation to avoid xenograft rejection ...........cccoooevviiiiiiii i 22
1.3.3.  Progress in Xenotransplantation...... .......c..ee i ieiir i e e 23
1.3.4.  Dangers of porcine xenotransplantation ... 24

14. ATMS OF THIS THESIS. ...t cuttiieeitte e e et et e e ee e e et e eee e e e et eae eas et eesneaeea e en ne e e 25

CHAPTER TWO: GENERAL MATERIALS AND METHODS .... ...26

2.1. N0 ] 0103 [ N PP 26
2.2. PREPARATION OF BUFFERS. ....cittttttee et et et e eieeis sae e aee et ree s ee et e e e e san e nen e een e 26
2.2.1. CommONIy USEA BUFFETS ..o oo e e e e e 26
2.2.1.3.
2.2.2. Buffers used for DNA eXtraCtion...... ....ccooiiiriiiiiiiiiiit e et 27
2.221. L@ | ST T30 01U -1 Y24
2.222. NUCI AN TYSIS DUTTEI ... e e 28
2.2.2.3. o] 1111 o] o PSPPI - |
2.224. Solution 11
2.2.2.5. ST ] 1V To] o 1 PP PUPRRRPIPYL -
2.2.3. Gel 10adiNg DUFEIS ....oveece et e e e 28
2.23.1. Agarose gel-10ading BUFTEr ....c.... oo e e 28
2.23.2. Sequencing gel-10ading BUFTEr ...........ooeiir i 29

2.3. PREPARATION OF MEDIUM ..ottt e et et et ettt nee e e e e s nes e e et e e e e sa e nen e een e 29
2.3.1.1. [ S04 To [0 o o P PPPPYL*
2.3.1.2. LB plate with ampicillin or KanamyCin.............oouiiiiiiii e e 29

2.4. (BN D 1Y Yo [ PP 30

2.4.1. Extracting genomic DNA from blood ... c...oooeiiiiiii i e 30
2.4.2. Extracting plasmid DNA from bacterial cells ............ccoooiiiiiiiiiii e 30
2.4.3. Isolation of DNA from gel SHICES...... covvviuii e e 33
2.43.1.  BRESAclean™ DNA pUFfiCation Kit..............uverriieeseeeiieeee e 33
2432, Low melting POINt AQAr0SE Gl ..., vuvuuueeie et e et et e et e e e e e e e e e 34

2.5. MEASURING THE CONCENTRATION OF DNA .. ...t 34
2.5.1.  SpectrophOtOmMEtric MEASUIEMENT ... ... ..ii it et e et e ee it et e e et e e e e e e e eeennees 34
2.5.2.  Agarose gel qUantifiCatioN.........cooe vovviiiitiis i e e 34
2.6. DESIGNING PRIMERS. ...ttt ettt e e ettt et e ee e e e e e e e nen e e eeen e eae een 34
2.7.1. PCR CONUITIONS ...ttt sttt ettt e et ettt et e ettt et e e ee e e e e s 35
2.7.2. PCR @MPUIfICALION ..ot et e et e e e e e e e ee s 35

Xl



2.7.3. TOUCHAOWN PCR ...ttt e et e e e e et e et et e e et e e et ee s 36
2.7.4. Screening of clones using boiled preparation .............ccccoiieeiie e iie i e 36
2.8. RESTRICTION ENZYME DIGESTION 111es vtt et tnteesveneterenensresneerssesiaeesesiesrsnessesssesiessssenss.30

2.9. GELS AND GEL ELECTROPHORESIS ... ettt vt ettt see e et s et eet e eet e sen s nen e e e 37
P2 T I Vo =T o < £ PR 37
2.9.2. SEQUENCING QIS ettt et et et e e e e e e e e 37
29.2.1. ABI 373 SEQUENCING GEIS ..ot e ettt e et et et et e e et e e e e e e e 37
29.2.2. Li-COr SEAUENCING GEIS ..vvuvveieeiie tet et e et e et e et e e e e s e e e e re e e e e naae e ne eanees 38
2.10.  SEQUENCING — ABI/LIFCOR c1tivit e ettt e et e e e et et et e e e e e e et et aa e 38
2.10.1.  ABI Dye Terminator Cycle SEQUENCING.........uuiiiiieiiriee e ee e e ee e 38
2.10.2.  Li-COr CYCIE SEAUENCING ....eeiiiiuiet et e aee oo eee e e et e e et e et e e e ee et eee e eeneeeenneas 39
2.11.  CLONING PCR PRODUCTS . ccuttutetts tet ettt st tetates e ee seee e ee e e e ne e e eeaenen e een 39
2111, TOPO™ TA CIONING Kit ... oo et 40
2.11.1.1.  Ligation of plasmid and iNSErt DNA .........ouiiit it e 40
2.11.1.2.  TranSfOrmMation FEACTION ......cuiviuet cet et et et et e e e et et et et e e e e 40
2112, Zero BIUNt™ PCR CIONING Kit.... ...t et 41
2.11.2.1.  Ligation of plasmid and iNSErt DNA ..ottt e 41
2.11.2.2.  TranSfOrmMation FEACTION .......uiviuet cet et et e e e et et et et e e e e 41

2.12.  MAPPING RESOURCES .....vttttitiaes aenae et saeanaee e tae ren e e seen e ta e nen e e eeneneeene een 41

CHAPTER THREE: IMPROVING THE COMPARATIVE PORCINE
MAP RELATIVE TO HUMAN CHROMOSOMES 9, 10, 20 AND 22

3.1. TN R 2(0] 010 0x i (0] N Y ¥4
3.2. GENERAL STRATEGY .1ttt eetttteeeittesae e etaee e es tae eetaesen e e eae s en e en ete s en eaeen eae enereaeneenenans 45

3.3. Y = R ¥

TR I R 07N I o] 1121 SO TP PPRPPRT 47
3.3.2. PiggenomiC DINA ... .ottt et et et e e e e e e e e 50
3.3.3.  Somatic cell hybrid panel ... voeiiii i 50
3.4. 1= 0] PPN X
3.4.1. Preliminary PCR testing of CATS primers on porcine genomic DNA.. ..........cccoovvviviininnnn. 51
3.4.2. Purifying PCR product from agarose gel SIICES ........covvvvvriiiiiiiiiiniee e e 51
3.4.3. Direct Sequencing of PCR products using ABI 373 automatic DNA sequencer... ............... 52
3.4.4. Cloning and sequencing OXT PCR products from Landrace and Large White breeds..... ... 52
3.4.5.  Verification of the SEQUENCES ......ccoc. vovviiiit i e e 52

3.4.6. Searching for restriction enzyme sites for distinguishing porcine and rodent PCR products

from the somatic cell hybrid Panel..........c.coe i e e e e 52
3.4.7.  Screening for POrCiNE RFLPS ..o coi oot e e e e e e e e e e e 53
3.4.8. Physical mapping - somatic cell hybrids............coooiiiiiiiiiii e 53



3.5.1.  Optimum conditions fOr PCR.......ccc. toiiiiii oo et et e e 54
3.5.2.  Sequences Of PCR PrOJUCES .....cviirt vor ittt ittt s et e e e et e aae e e 56
3.5.3.  Comparison of the sequences with the GenBank database.................cccovvveviiiiiinieniiinnnn, 56
3.5.4. Screening for PCR-RFLP in CATS ProdUCES .........vveeiit e e e et e e eee e 58
3541 ANMSPIRFLP FOr OXT oot eee ettt e e e e e e 59
3542 Sequence comparison between Large White and Landrace breeds for OXT................cevvuee. 59

3.5.5. Restriction enzyme digestion of mouse, hamster, and pig template for analysis of the somatic

CEIl YDA PANEL ... e e e e e e e e 60
3.5.6. Somatic cell genetics of ADRA1A, ADRA2A, ARSA, GNASL, OXT, TOPL........ccoevvvinnnnnnn. 61
3.5.7.  COMPATALIVE MAP ..eueeieeeieiiiitiese et et aeeeee e et et e et e ee it e e e eee s eee s eeenneee e es 64
3.6. DISCUSSION AND CONCLUSION ...ttt eees e et eeeas see e e se s en e ee et e e renee e aenaen e ees 64

CHAPTER FOUR: CHARACTERISING PORCINE ENDOGENQOUS
RETROVIRUSES (PERVS) INWESTRANPIGS... ........ccooienine. 68

4.1. LI =] 518 Lo 1 o] N PPN o o
4.2. Y1 =T S PP 4 ||

A.2. 1. ANIMAL FESOUICTES ....vetiiteieteeie sttt cee ittt ettt s e ettt e e et et e et e s e an e et ee e e e eas 70
A.2.2. PEIMEES oottt ettt e ettt 4 £t e e e et e et et e
4.22.1. PERV PCR amplification
4222, o T 1= ES {0 ST U< o 1o 73
4.3. 1 T 0 PRSPPI £
431, PCR CONUITIONS ...ttt ettt e ettt ettt it e ettt e e n e e e e s e et ie e e 73
43.1.1. PCR using Tag DNA POIYIMEIASE .......c.iuiitiiiiiiiiis e et et et e e eee e 73
4.3.1.2. PCR using Pfu proof-reading DNA POIYMEIaSe ..... ....ueueee ittt e aeeeeeeeees 74
4.3.1.3. CyCle SEQUENCING FEACTION ..vvvevet ve et eet et et eettt e e ve e e e vea e e sea e ane neaeentne een e neeeenens 74
4.3.2.  Cloning of PERV PCR PrOQUCES ... vevuvtii ittt sttt ettt et et s aae e e 74
4.3.3.  Checking clone inserts by PCR and restriction digestion.........c.ccocs covvvviiniiiiiiieeineeei e 74
4.3.4. Extracting plasmid DNA from bacterial CellS...........coovvine cviiiiiii i e 75
4.3.5.  Sequencing Of PERV CIONES......cccius ittt st et et et e e 75
4.3.6. Orientation and amalgamation Of SEQUENCES ........c.vviuuriiiieriiii e e e 75
4.3.7.  Sequence alignment and translation ................uuuiiiii i 75
4.3.8.  PhylOgenetiC @N@IYSIS ......ccveiueieiiris ettt ittt e et e et 76
o R B Lot o T a0 I ] 1T S 76
4.4.2. PCRfor PERV-C amplifiCation ....... c...cviiiiiiiiiiiiiiiii et s et e e e 77
4.4.3. Restriction enzyme digestion for screening PERV ClOnes .. .......ccccooiiiiiiiiiiiii i 78
4.4.4.  Sequences Of PERV CIONES.......ccciiis ot e e e e e e e e e ee e e e 80
4441, Sequence similarities of PERV CIONES ..........oiuie it e e e e e e e 80
4.4.4.2. Empirical cycle-sequencing error rate, using the Li-Cor SEQUENCEN ... ....c.uvvvrivneiniiinaiaeaeenes 83



4443, Frame shift mutations and premature Stop COOONS .. ... vvvvneeeiriiii et ee e ee e eeeaeees 83
4.4.5.  PhylogenetiC @NalYSIS ........oeiuiieres it eee it et e et e et et et et e e e e e 86
4.4.6. Recombinant clones between PERV-A and PERV-B ... .......cccooiiiiiiiiiii e 86

45. [ KLU 1] [ PP PTRIRUTIE . ¥ 4

CHAPTER FIVE: PHYSICALLY MAPPING PERVS ................ ......92

5.1 INTRODUCTION ...ttt et et et et e et e e e s ee et e e s ee eaeee ea e sen e eenane eenneeen 92
5.2. IMATERIALS ...ttt e et e neeree e e eee eeen e s aenneene ennnen e e nennne e ennnen OB
B.2.10 ANIMAIS ...t e 94
5.2.2. Probes fOr FISH ..o e e e 95
5.2.3.  Primers for precise mapping of @ PERV jUNCLION ...........ooviiiiiiiinieiii e, 95
5.2.4.  Somatic cell hybrid panel ... oeiiiii i 95
5.3. 1= 0] PPN °
S 00 e 151 o PP 95
53.1.1. LympPhoCyte Cell CUITUNE.........cii e e e e 95
53.1.2. MaKing PERV FISH PrODES. ......covuiiie it it et et e e e eeaes 97
5.3.1.3. In situ hybridisation of PERV probes to Chromosomes .. ............coveiviiiiiiiiiee i ieeie s 98
5.3.1.4. IS (0T T 0y 15T © L |
5.3.1.5. Immunochemical detection of biotin label............ccocoeee 99
5.3.1.6. Staining and viewing of ChrOMOSOMES .........cccccviiiie covieiie e e e e eeen 2. 100
5.3.1.7. SCOMNG OF FISH SIGNAIS ...eviies et e et et e et e e e e e e e e e e eanees 100
5.3.1.8. Statistical analysis of hybridisation Signals... ..o 100
5.3.2.  PCR conditions for somatic cell hybrid mapping...........c.ocoe i, 101
5.4.1.  INCOrporation Of DIOLIN ......cviiiiis oo e e e e 102
5.4.2.  Chromosomal distributions Of PERVS ...........ocoiuiiii i et et e 102
5.4.2.1. PERV-A TOCALIONS. ...ttt e et e et ettt et e e e e et et et e et e et e e e e 114
5.4.2.2. PERV=B L0CALIONS ...ttt e ettt et e et et e et et e et e e e e e e e e e 116
5.4.3. A physical location for a PERV junction fragment.... .........coouvvmiiiiiiiiiniinienii e 117
5.5. [ 1018131 [ PPN i |

CHAPTER SIX: DISCOVERY OF ENDOGENOUS RETROVIRUS IN
COLLARED PECCARIES (TAYASSU TAJACU) . ....covviiienin, 123

6.1. [N g (010U ox 1 (o] AP P 123
6.2. [ 1 = S PPN 211
6.2.1. The Peccary genomic DNA SAMPIES ... .cceueii it e e e e 125
B.2.2.  PIIIMEIS 1ottt ot et et e ettt e e e e et 126

6.2.2.1. [T oY oL o 111 126
6.2.2.2. INEEINAL PIIMEIS ...ttt et e et e et et et e e e e e e neeeeaeenennennen. 126

6.3. V1= 0] 51 PP 124 4



TR0 R = 04 = o 10 To [ 1T o PO 127

6.3.1.1. PCR conditions for amplifying MLV homologues using degenerate primers...................... 127

6.3.1.2. PCR conditions for internal PriMmers...........co.vevir it e e e 127

6.3.1.3. CyCle SEQUENCING FEACTION ...cucuv e tet et eee ettt et e et et et e re et e e eeaeanen 127
6.3.2.  Purifying PCR products from agarose gels. .......cocviiiiiieiiiiie e e e e 127
6.3.3.  CloNing Of PCR PrOUUCTS......cciiiet cee it et e et et et et e et e et e e e aee s 128
6.3.4. Quick PCR method to check clones for correct inSerts ... .......ccoovviiiiiiiiic i 128
6.3.5. Extraction of plasmid DNA from bacterial cells...............ooooiiiiiiii e, 128
6.3.6.  Restriction enzyme digeStiON .....c..c. v iieiiii e et e e e 128
6.3.7.  Sequencing With Li-COr SEQUENCET ... ...uiuutiiiiiiiaiees et e tee it e e tee et e ee et e e aaeaee e 128
6.3.8.  Analysis Of SEQUENCE JALA.........cuert ceeiit et et et et et et e e e e aee s 128
6.4.1. PCR amplification for retroviral sequences in Collared peccary ..........cccoooeeviviiiniiiiennnnns 129
6.4.2. Checking the insert by ECORI Restriction digestion.........ccocees covvvviiniiriiiiieiii e 130
6.4.3. Sequences of peccary retroViral CIONES ...........coovve voriiiiii i e 130
6.4.4. PCR WIth iNterNal PriMerS.......ccviiiiiiiit oottt e e ettt et e eee e e e eeeee e 135
6.4.5. The sequences of NON-retroviral INSErtS....... ..o.vv i e 136

6.5. D11 1oL U S7] [ N PPN 1 0|

CHAPTER SEVEN: FINAL DISCUSSION AND CONCLUSION ...143

7.1. DEVELOPMENT OF PIG - HUMAN COMPARATIVE MAP ...ciuiii tae et etien ane aveieae veenaenaneeneans 143

7.2. CHARACTERISING AND MAPPING PERVS. ...t it e e e et e 144

7.2.1. CharacteriSiNg PERVS......ciiiiiiet et et et et et e e et e e et e e e aee s 144

7.2.2. Physically mapping 0f PERVS ....... ..oiiiii i e e e e e e e e 144

7.3. ENDOGENOUS RETROVIRUSES IN COLLARED PECCARIES . . .uviivieirieeriere e eneenneeennne. ... 145

7.4. L ] N = T 145
BIBLIOGRAPHY ..o e e e e e e 147
APPENDICES. ... 167

XV



Chapter One

Introduction
The present thesis has two separate aims. One is developing markers in the pig genome
using CATS (comparative anchor tagged sequences) primers and the other aim is characterising

and mapping PERVs (Porcine Endogenous Retroviruses). PERVs are a major potential hazard of

xenotransplantation.

1.1. Genome mapping

1.1.1. Markers for genome mapping
1.1.1.1 Conventional markers

Throughout human history, animals and plants have been selected based on their superior
appearance and performance. Such performance-based selection continues to be vitally important
today. However, the availability of genetic markers, initially blood group variants and later
biochemical polymorphism (Juneja and Vogeli, 1998), opened new possibilities. Blood group
variation is detected as the presence or absence of certain antigens on blood cells. Researchers
investigated the relationship between variation in blood types and variation in susceptibility to
disease or other traits of interest. Biochemical polymorphism was also investigated based on
electrophoretically detectable enzymes and protein variants (also called allozymes). The
biochemical polymorphisms studied in the pig focussed mainly on the proteins of blood plasma
(serum) and red cells and also to some extent those in milk, semen and other tissues (Juneja and
Vogeli, 1998). Although some of these proteins showed relatively high levels of polymorphism,
they were replaced by superior DNA markers displaying higher levels of variation or greater

availability of markers and detectable using a uniform assay technique.

1.1.1.2. DNA markers

The advent of recombinant DNA technologies, and especially the Polymerase Chain
Reaction (PCR) technique, provided ready access to DNA markers for any species. DNA
markers can be divided into two categories, namely multilocus markers and single-locus markers.

The former includes minisatellites (also called variable number of tandem repeats (VNTR),
1



although this term also applies to microsatellites), random amplified polymorphic DNA
fragments (RAPD) and amplified fragment length polymorphism (AFLP) markers. The latter
includes restriction fragment length polymorphisms (RFLPs), microsatellites and single

nucleotide polymorphisms (SNPs).

Minisatellites or VNTR markers

Minisatellites were the first developed tandem repeat markers with multiple alleles.
Jeffreys et al. (1985) discovered human minisatellites, which typically have a core sequence
greater than 10 bp, with 3 to 30 copy numbers within a block. Because variability in this marker
system is determined by the number of the repeats within the block, minisatellites are also known
as VNTRs for Variable Number Tandem Repeats (Nakamura et al., 1987). Minisatellites are
generally sufficiently informative to reveal a unique genotype in each individual. Thus these
markers can provide an individual specific DNA “fingerprint” and can be used for parentage
testing and linkage studies (Jeffreys et al., 1985). Many minisatellite loci have been found to be
extremely variable, with heterozygosity values greater than 90% and mutation rates exceeding
107 per generation (Bruford and Wayne, 1993). Despite their hyperpolymorphism, minisatellites
have fallen into disfavour as genetic markers in recent years for at least three major reasons.
Firstly, minisatellites do not uniformly cover the genome in some species, primarily residing in
heterochromatic regions near telomeres and centromeres. Secondly, minisatellites are not
amenable to PCR, requiring hybridisation technology. Thirdly, the interpretation of complex
fingerprint patterns generated by core sequence probes is very difficult and it is difficult or

impossible to recognise individual loci (Dodgson et al., 1997).

RAPD markers

RAPD markers were the first PCR-based markers to be used (Williams et al., 1990). Small
primers (8-10 bp) are used to amplify a mixture of random fragments from the genome. Although
these markers have the advantage of being very easily generated by PCR and require only a small
amount of template DNA (Williams et al., 1990), they have severe limitations. They are
dominant markers which are intrinsically less informative than codominant markers. Also RAPD
markers are not easily reproducible because the appearance of bands is very sensitive to slight
changes in PCR conditions. The most serious disadvantage is that a new map must be generated
for each new pedigree examined, as there is no locus specificity in the primers used (Crawford et

al., 2000).



AFLP markers

AFLP markers are also multilocus markers (Vos et al., 1995). To produce them, genomic
DNA is cut with restriction enzymes and oligonucleotide adaptors are ligated to each end of the
restriction fragments. Selective PCR primers are used to amplify subsets of fragments from the
mixture of genomic restriction fragments. The selective primers cover the adaptor sequences
added onto the end of the restriction fragments and include additional bases to the 3’ end of the
primers to give additional specificity (Vos et al., 1995). These markers have the same advantage
as RAPDs, being easily generated by PCR, but are less sensitive to the PCR conditions, giving
more reproducible amplification products. However, like RAPDs, these markers have the
disadvantage of being diallelic dominant/recessive markers, also requiring a new map for each

new resource pedigree being studied (Crawford et al., 2000).

RFLP markers

RFLPs are the first reported class of DNA markers. They result from small-scale changes
in DNA, usually base substitutions, which create or destroy specific restriction endonuclease
cleavage sites. They are detected as size variants on electrophoresis (Botstein et al., 1980).
Initially, RFLPs were detected by Southern hybridisation analysis (e.g. Archibald et al., 1994).
Now, most RFLPs used in animal genome analysis are detected by PCR, and are called PCR-
RFLPs.

RFLP markers are generally only diallelic, corresponding to the absence or presence of a
recognition site for the restriction endonuclease employed, and thus no more than 50%
heterozygosity can be expected. However, these markers have advantages of being easy and
relatively cheap to generate and being codominant. RFLPs are still used in genome mapping,

mainly of type I candidate genes.

Microsatellites

Microsatellites, also called Simple Sequence Repeats (SSR), are tandem repeats of one to
four bp, which are interspersed throughout the genomes of mammals, birds, fish, and plants (see
review Bruford and Wayne, 1993). Microsatellites are the markers primarily responsible for the
recent explosive expansion of genetic linkage maps in many species. They have the advantages
of being single-locus, hyperpolymorphic, co-dominant in almost all cases, and uniformly spread
throughout the genome. Further they require only a small amount of template DNA and are
relatively easy to find and characterise (Crawford et al., 2000). Another enormous advantage of
microsatellite markers is that they are sequence-tagged sites (STS) and thus their use can be

transferred easily between laboratories simply by exchange of primer sequences.



SNPs

SNPs arise primarily from nucleotide substitutions. They are estimated to occur about
every kilobase of unique sequence in humans (Cooper et al., 1985) and similar frequencies of
occurrence are estimated in other mammals. Thus SNPs represent a particularly rich source of
genetic variation (Crawford et al., 2000). In theory, SNPs can be up to tetra-allelic
polymorphisms. However, in practice in humans, tri-allelic and tetra-allelic SNPs are very rare.
Generally SNPs are bi-allelic (Brookes, 1999).

Numerous techniques, including PCR-RFLP, are available for detecting some or all SNPs.
Orita et al. (1989) described a method detecting point mutation as Single Strand Conformation
Polymorphism (SSCP). Single-stranded DNA molecules of different sequence display specific
sequence-based migration patterns in a non-denaturing polyacrylamide gel, due to alternative
three-dimensional conformations that can be formed (Beier, 1993; Spinardi et al., 1991).

However, the real importance and potential for application of SNPs lies in their automated
detection using DNA chip technology (Chee et al., 1996). Although individually not highly
informative, SNPs are so numerous that it will be possible to incorporate thousands of SNPs onto
single DNA microchips, enabling enormously sensitive parentage testing and rapid and

automated genome scanning for QTL (Brookes, 1999).

1.1.2. Gene mapping

A gene map records the location(s) of gene(s) or marker(s) of interest. There are two quite
different mapping methods, namely linkage mapping and physical mapping. A linkage map is
based on the recombination frequency (r) between genes or markers detectable among the
offspring of parents with distinguishable alleles at two or more loci. On the other hand, a
physical map does not require variants, but assigns loci to chromosomal positions either by in

situ hybridisation or by using somatic hybrid panels.

1.1.2.1. Linkage (Genetic) mapping

Loci on different chromosome segregate independently. On the other hand, loci on the
same chromosome may show evidence of co-segregation or linkage. The recombination
frequency used to estimate the map distance between a pair of loci ranges from 0 for tightly
linked loci to 0.5 for loci that are far apart or on different chromosomes. A reference pedigree,
also called a mapping resource, can be constructed by crossing genetically divergent populations
to increase the informativeness of the parents or can be based on existing families in a

population. The construction of a linkage map is a very useful step for the identification of genes
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having quantitative effects on traits of interest (so called quantitative trait loci or QTLs)
(Archibald and Haley, 1998).

1.1.2.2. Cytogenetic (Physical) mapping

Physical mapping identifies the location of genes or genetic markers on the individual
chromosomes or regions of chromosome without analysis of segregation between loci. There are
three major physical mapping techniques which allow the identification of the chromosomal
location of specific DNA fragments, namely use of i) in Situ hybridisation, ii) somatic cell

hybrids, and iii) radiation hybrids.

ISH (In Situ Hybridisation)

A fragment of DNA of interest can be radioactively or fluorescently labelled and allowed
to hybridise to metaphase chromosome spreads. The development of fluorescent in situ
hybridization (FISH) has almost replaced the use of radiolabelled probes. The sensitivity of
detection by FISH is dependent upon the probe size and type of tag used in labelling the probe
(Gillois, 1991). The great advantage of FISH compared with radioactive in situ hybridization
(RISH) is that not only is it safer, but also multicolour analysis is amenable to detection of
different loci on the same metaphase spreads using differently coloured dyes (Trask, 1991a;
Trask, 1991Db).

Somatic cell hybrid mapping

Somatic cell hybrid panels have played a significant role in physical mapping of known
genes and markers in humans and livestock species (Payen et al., 1995; Rettenberger et al., 1994;
Robic et al., 1996; Williamson et al., 1995). The technique basically involves fusion of cell lines
originating from different species. Somatic cell hybrids between a donor species (e.g. pig) and a
recipient species (normally Chinese hamster or mouse) randomly lose donor chromosomes or
fragments of chromosomes so that sublines of cells contain only a few specific donor
chromosomes or chromosomal fragments. A panel of these sublines can be tested for presence or
absence of a particular DNA sequence and this can then be correlated with presence or absence
of a particular chromosome or chromosomal segment to identify the chromosome or
chromosomal region where the locus is located (Bosch et al., 1993; Iles et al., 1992).

In pigs, early attempts at mapping with a somatic cell hybrid panel used Southern blotting
techniques (Ruddle, 1981). PCR-based analysis of somatic cell hybrid panels is now routinely
applied (Rettenberger et al., 1995a; Rettenberger et al., 1996; Rettenberger et al., 1994; Zijlstra
etal., 1996).



The INRA laboratories in Toulouse, France, have generated and distributed DNA from a
very informative porcine somatic cell hybrid panel which can be used to assign DNA loci to
specific chromosomes and chromosomal regions (Yerle et al., 1996). This panel consists of 27
pig x rodent somatic cell hybrids in which 127 different subchromosomal regions can be
identified as a result of fragmentation of the porcine chromosomes by low level irradiation (see
radiation hybrid below). It is an efficient tool for physical mapping and has been used in the

study described in this thesis.

Radiation hybrid mapping

Radiation hybrid mapping provides very high-resolution maps (McCarthy, 1996). The
technique is identical to construction of a conventional somatic hybrid panel except that the
donor (e.g. pig) chromosomes are fragmented by a high dose of X-ray irradiation. The broken
fragments are recovered in recipient cells (e.g. rodent), and hybrid clones are analysed for the
presence or absence of DNA markers. Whole genome radiation hybrid mapping has become a
mainstream method for high-resolution human gene mapping (Gyapay et al., 1996; Stewart et
al., 1997) as well as animal gene mapping (Kwok et al., 1998; Murphy et al., 1999; Womack et
al., 1997; Yerle et al., 1998). In 1998, a radiation hybrid panel became publicly available for
mapping studies in pigs, jointly developed by INRA, France and the University of Minnesota,
USA, called the INRA-University of Minnesota porcine Radiation Hybrid (IMpRH) panel. It
consists of 118 hybrid clones, and the resolution of the radiation hybrid map is higher than that
obtained by linkage analysis from available mapping families, so that unresolved markers in the

linkage map can be ordered (Yerle et al., 1998).

1.1.3. Pig genome mapping

Pigs have a number of advantages in gene mapping studies. Firstly, pigs produce large
litters of ten or more and have a relatively short gestation period of about 114 days. This allows
the rapid establishment of experimental pedigrees for mapping studies. Secondly, genetically
divergent breeds are available for creating highly informative reference and resource pedigrees.
By crossing genetically divergent breeds, the level of heterozygosity in the F1 animals is
increased and the pedigree is much more likely to be highly informative in the F2 generation.
Finally, pigs have a relatively small chromosome number (2n=38) as compared with other
domestic animal species like cattle (2n=60), sheep (2n=54), goat (2n=60), dog (2n=78), horse
(2n=64) and chicken (2n=78). Also pig chromosomes are easily distinguishable from each other
especially with the help of chromosome banding methods. Therefore physical mapping

techniques such as in situ hybridisation and chromosome sorting are easier to apply.



In August 1989, there were only 42 markers mapped in the pig, 15 of which were assigned
to 7 linkage groups, and 27 markers were mapped in 10 chromosomes (Echard, 1990). Intense
efforts were made during the 1990s to develop a comprehensive genome map of the pig,
particularly benefiting from the availability of hyperpolymorphic microsatellite markers. Three
international research groups have been involved in linkage mapping the porcine genome,
namely the Pig Gene Mapping Project (PiGMaP) consortium (Archibald et al., 1995), the
Scandinavian group (Ellegren et al., 1994; Marklund et al., 1996) and the United States
Department of Agricuture (USDA) group (Rohrer et al., 1996; Rohrer et al., 1994). The
combined efforts of these groups have been placed mare than 1500 polymorphic genetic markers
on the porcine linkage map and many genes and markers also have been physically mapped

(Yerle et al., 1997; PiGBASE, http://www.ri.bbsrc.ac.uk/pigmap/pigbase/pigbase.html).

1.1.3.1. PiGMaP and PiGMaP reference families

The European Pig Gene Mapping Project (PiGMaP) consortium was initiated in 1989 by a
group of 10 laboratories within the PiGMaP collaboration (Haley et al., 1990). The initial aim of
PiGMaP was to map markers at evenly-spaced intervals of approximately 20 cM, covering the
whole genome. The group also set out to produce a comprehensive physical map within 3-4 years
(Echard et al., 1992; Haley et al., 1990). Laboratories in Europe, Japan, United States and
Australia (Associate Professor C. Moran’s laboratory) were included. Echard et al. (1992),
summarising the early status of PiGMaP, indicated that even by 1992 a total of 84 loci had been
assigned to 17 chromosomes. With the arrival of microsatellite markers, a comprehensive linkage
map was rapidly achieved. Archibald et al. (1995) reported the first PiGMaP linkage map
consisting of 245 markers, 81 corresponding to known genes, with the rest being anonymous
microsatellite and RFLP markers. Linkage groups were assigned to all 18 autosomal
chromosomes and the X chromosome. The number of markers mapped in the pig is still growing.
Currently over 2000 loci and more than 3500 markers are described in the linkage database
(PiGBASE: http://www.ri.bbsrc.ac.uk/cgi-bin/arkdb/browsers/browser.sh?species=pig).

The PiGMaP reference population consists of six families of a three-generation pedigree
based on crosses between genetically divergent breeds. Five centres in Europe contributed
animals to the shared PiGMaP mapping pedigrees, from Scottish, Dutch, French, Swedish and
German resources. Three divergent pig types were used to establish the PiGMaP reference
pedigree, namely i) European commercial breeds, Large White and Pietrain, which have good
commercial performance traits; ii) European Wild Boar, whose appearance and physiological
properties such as growth rate as well as fat content are very distinct from modern European
breeds (Andersson et al., 1994a); and iii) Chinese Meishan, which is highly fecund but otherwise

7



very unproductive. By crossing such phenotypically divergent breeds, it was hoped that it would
be easier to map loci controlling monogenic as well as polygenic traits of interest (Andersson et

al., 1994a).

1.1.4. Application of gene mapping

1.1.4.1. Identification of QTL

Quantitative genetic variation is the major component of intra- and interpopulation
differences for many traits of biological, medical and agricultural significance. The development
of porcine genome maps allows the identification of specific markers associated with genes
influencing economically important traits, which are called QTLs (Quantitative Trait Loci)
(Andersson et al., 1994b; Archibald et al., 1995). QTLs are those loci whose variation jointly
contributes to the quantitative trait variation observed between animals in a population. The
general principle is simple: if a QTL for a particular trait is closely linked to a marker, the marker
alleles will appear to be associated with different levels of performance for the trait. Genome
maps provide two advantages for the detection of QTLs. First, they enable choice of the
minimum number of markers, evenly spaced in the genome, that will enable a scan of the entire
genome. Second, knowing the location of marker linked to a QTL allows the approximate
location of the QTL, and this information can be used for selection of candidate gene(s) in the
same other species. New statistical and experimental methods are being developed to map QTLs
in different types of population structure (Archibald and Haley, 1998; Crawford et al., 2000).
Once mapped, QTLs have important potential applications in breeding programmes, including
marker assisted selection, marker assisted introgression and less directly, positional cloning.

Several QTLs have been recorded in pigs (e.g. Andersson et al., 1994b).

1.1.4.2. Marker Assisted Selection (MAS)

The progress of genome mapping and the knowledge of co-segregation of a marker allele
and a trait may be used to improve efficiency of selection of animals. MAS (Archibald, 1994;
Soller, 1994) is particularly relevant for traits which cannot easily be measured in the candidates

for selection, such as sex-limited traits, reproductive traits, slaughter traits and processing traits.



1.1.4.3. Identifying the genes underlying QTL

The positional candidate gene approach can help to identify the gene causing variation in a
particular trait. Once a QTL has been mapped, candidate gene loci in the vicinity of the QTL can
be evaluated for their effects on the trait. This approach has been noticeably successful for the
isolation of disease genes (Collins, 1995; Fujii et al., 1991). The success of this approach is
greater if all possible candidates have been identified, for example by genome sequencing. For
species whose genomes are poorly characterised, such as the pig, cross reference to a well
characterised genome, such as human or mouse, will be essential. By placing many type |
markers, that is evolutionary conserved coding sequences, on the genetic maps of many
mammalian species, one can get a clear picture of syntenic relationships. This augments the
number of positional candidate genes in less well studied species by providing large numbers of

comparative positional candidates.

1.1.4.4. Comparative gene mapping

Comparative gene mapping, involving comparison of chromosomal locations of
homologous genes in different species, is a useful source of information in terms of identifying
candidate disease genes and genes determining complex traits. It also facilitates gene mapping in
other species and provides insights into genome organisation and evolution (DeBry and Seldin,
1996; Eppig, 1996; Eppig and Nadeau, 1995; Nicholas and Harper, 1996; Womack and Kata,
1995). The first step in the comparative gene mapping approach is the recognition of regions of
conserved synteny, that is, groups of linked loci conserved among species. A large effort has
been made in recent years to define the conserved synteny between species.

In order to recognise evolutionary breakpoints between species, a set of anchored
reference loci suitable for comparative mapping in mammals was first proposed by O’Brien et
al., (1993). Subsequently, Lyons et al. (1997) designed 410 evolutionary conserved primers to
amplify anchor loci in different species, calling them Comparative Anchor Tagged Sequence
(CATS) markers. Once the CATS markers have been mapped in each species, it will be easier to
detect chromosomal rearrangements and assist in reconstructing mammalian chromosome
evolution. However, the CATS approach using consensus primers has not proved to be very
efficient, especially in pig, with only a small number of localisation having been obtained (see
Chapter three for more detail). Recently, cross-species chromosome painting or Zoo-FISH
(Scherthan et al., 1994) has contributed significantly to identification of conserved synteny
between species (e.g. Rettenberger et al., 1995b).



1.2. Retroviruses

1.2.1. Structure and life cycle of retrovirus

Retroviruses are a group of viruses whose genetic material is comprised of RNA rather
than DNA. Retroviruses are associated with a variety of diseases including malignancies,
immunodeficiencies, and neurologic disorders (Rosenberg and Jolicoeur, 1997). Normally, the
virions are 80 to 100 nm in diameter and their outer envelope is constituted of glycoproteins.
Each retrovirus particle contains two copies of 8 to 10 kb genomic RNA held together by
hydrogen bonding in a dimeric structure. Broadly, retroviruses are classified into two different
groups, namely the simple and the complex, which can be distinguished by the organisation of
the RNA genome. Compared to a simple retrovirus genome containing only four major coding
regions, gag, pro, pol, and env, a complex retroviral genome contains information for regulatory
proteins besides the major coding regions (Vogt, 1997).

The gag region contains the information for the synthesis of internal virion proteins that
form the matrix (MA), the capsid (CA) and the nucleocapsid (NC) protein structure. The pol
region directs the synthesis of reverse transcriptase (RT) and integrase (IN) enzymes; and the
surface (SU) and transmembrane (TM) components of the viral envelope protein are encoded by
the env coding region. In addition, a small coding domain present in all retroviruses is pro, which
encodes the virion protease (PR) (Vogt, 1997). Protease is responsible for all the proteolytic
cleavages generating the mature gag and pol proteins during virion maturation (Coffin, 1992)
(Fig 1.1). This standardised nomenclature for the proteins common to all retroviruses is on the
basis of biological function, enzymatic activity and/or virion location data (Leis et al., 1988).

The retroviral life cycle starts from the attachment of the viral surface glycoproteins to
specific host plasma membrane receptors, which leads to fusion of virus and cell membranes.
The integration of viruses (exogenous viruses) and cell surfaces is highly specific and determines
the viral-host range. After penetration into the cell, the RNA genome is transcribed into DNA by
reverse transcriptase. This DNA copy is then inserted into the host genome, at which stage it is
called an endogenous retrovirus or DNA provirus. Reverse transcription of the RNA genome also

generates long terminal repeats (LTRs) found at both ends of the DNA provirus (Figure 1.2).
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Fig 1.1 (a) Schematic cross section through a retroviral particle. (b) A simple retroviral
genome which contains four major coding regions (Source: Vogt, 1997).
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Fig 1.2 The life cycle of a retrovirus (Source: Vogt, 1997).

1.2.2. Classification of retroviruses

The classification and nomenclature for retroviruses presented here is based on Vogt
(1997). Retroviruses are subdivided into seven genera (Table 1.1) of which five have oncogenic
potential. All oncogenic members except the human T-cell leukaemia virus-bovine leukemia

virus (HTLV-BLV) genus are simple retroviruses (Vogt, 1997).
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Based on their morphology under the electron microscope, retroviruses can be classified
into four categories, namely A, B, C, D type particles. A type particles are 60 — 90 nm in
diameter with an electron-lucent center surrounded by a double shell. They occur as intracellular
forms only and do not have any infectivity.

B type particles have two morphologically distinctive features. One is that budding
particles at the plasma membrane show toroidal (doughnut-shaped) cores about 75 nm in
diameter and long spikes are seen at the cell surface. The other feature is that the mature forms

contain electron-dense nucleoids about 125 — 130 nm in diameter that are eccentrically located

within the enveloped particle.

Table 1.1 Classification of retroviruses.

Genus Example Virion morphology® Genome

Avian sarcoma and Rous sarcoma virus Central, spherical core | Simple

Leukosis viral group C particles

Mammalian B-type Mouse mammary Central, spherical core | Simple

Viral group tumor virus B particles

Murine leukemia Moloney murine Central, spherical core | Simple

Related viral group leukemia virus C particles

D-type viral group Mason-Pfizer monkey | Cylindrical core Simple
virus D particles

Human T-cell Human T-cell Central, spherical core | Complex

Leukemia, bovine leukemia virus

Leukemia viral group

Lentiviruses Human immuno- Cone-shaped core Complex
deficiency virus

Spumaviruses Human foamy virus Central, spherical core | Complex

*Distinctive features seen in transmission electron micrographs.

(Source: Vogt, 1997)
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The majority of retroviruses isolated to date are classified as C type particles. The first
distinct viral structure at the plasma membrane is an electron-dense crescent-shaped form that
will be the core of the particle. As virus maturation proceeds, the core is eventually seen as a
sphere with an electron-lucent center. The C particles have an immature form with centrally
located electron-lucent cores, which matures into a centrally located electron-dense core.

D type is typical of many retroviruses found in primates. They resemble B type particles in
assembly, maturation and morphology but have less prominent surface projections and a

characteristic cylindrical core (Coffin, 1992; Teich, 1982).

1.2.2.1. Retroviruses in different host species

Avian retroviruses

The discovery of retroviruses arose from investigations of neoplastic disease in chickens
revealing the existence of Avian leukemia virus (ALV) (Ellermann and Bang, 1908) and Rous
sarcoma virus (RSV) (Rous, 1911). These viruses constitute the C-type virus genus, referred to
as avian sarcoma/leukemia viruses (ASLV) (Vogt, 1997). Payne (1992) describes the

classification of avian retroviruses into four distinct classes.

(1) Leukosis-sarcoma group viruses (also termed avian sarcoma and leukemia viruses). These are
exogenous and endogenous viruses recognised mainly in the domestic fowl and which cause a

variety of leukotic disorders, sarcomas, and other tumors.

(2) Reticuloendotheliosis viruses. These are exogenous viruses in several species of domestic
poultry and appear to be related to mammalian retroviruses. They cause lymphomas and acute

reticulum cell and other tumors.

(3) Lymphoproliferative disease virus of turkeys. This is an exogenous virus of turkeys which

causes a lymphoproliferative disease.

(4) Pheasant type C oncoviruses. These are endogenous viruses of golden and Lady Amhurst
pheasants and are apparently nonpathogenic. They are unrelated to the endogenous leukosis-

sarcoma group viruses that also occur in certain species of pheasants.

Murine retroviruses
The retroviruses of rodent species, especially the mouse, have been widely studied because
of the short generation length, large litter size and amenable breeding strategy of the host. The
14



mouse retroviruses can be classified into four groups based on the differences in virion
morphology and sequence homology. There are type C murine leukemia viruses (MuLVs or
MLVs), type B mammary tumor viruses (MMTVs), type A intracisternal particles (IAPs), and
VL30s (Kozak and Ruscetti, 1992).

The C-type viruses are wide distributed both as exogenous and endogenous forms and can
cause a wide variety of malignancies, immunosuppression and neurological disease (Petropoulos,
1997). The C-type viruses are classified as ecotropic (capable of growing in normal mouse cells
but not in cells from other species), xenotropic (incapable of growing in normal mouse cells but
growing well in cells from other species), polytropic (capable of growing well in mouse cells and
cells of other species), and amphotropic (capable of growing well in mouse cells and cells of
other species, but distinct in antigenic and interference properties compared with polytropic)
(Kozak and Ruscetti, 1992).

Mouse mammary tumor viruses (MMTVs) represent a class of murine retroviruses distinct
from the MuLVs by virion morphology, by the absence of sequence homology, and by their
sensitivity to induction by glucocorticoid hormones (Kozak and Ruscetti, 1992). MMTVs are
associated with mammary carcinoma and T-cell lymphomas and can be inherited vertically in
certain inbred strains or transmitted horizontally through the milk from the affected females
(Petropoulos, 1997).

IAPs are found only in association with the endoplasmic reticulum and have no
extracellular phase (Kozak and Ruscetti, 1992). IAPs are not known to encode replication-
competent viruses. However, they are present in mice at approximately 1000 to 2000 copies per
cell and are often expressed in plasma-cell tumors at high level (Boeke and Stoye, 1997).

VL30s are endogenous retrovirus-like sequences which are not known to produce any
virion structural components, but can be efficiently packaged and transmitted as pseudotypes of

type C viruses (Kozak and Ruscetti, 1992).

Feline retroviruses

Based on Hardy (1992), feline species have three major groups of retroviruses, namely
Oncovirus, Lentivirus and Spumavirus.

The oncovirus group is now classified as the Murine leukemia virus (MLV)-related
retrovirus genus and is present in both endogenous and exogenous forms. The virions exhibit a C
type morphology and Feline sarcoma and leukemia viruses (FeSV/FeLV) are included. They can
causes malignancies, immunosuppression, and neurological disease similar to C type murine

leukemia viruses in mice (Petropoulos, 1997).
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FIV (Feline immunodeficiency virus) and FSV (Feline syncytial virus) belong to the
Lentivirus and Spumavirus genera, respectively. FIV induces an AIDS-like syndrome in cats.

FSV pathogenicity has not been demonstrated (Petropoulos, 1997).

Bovine retroviruses

Two retroviruses in the HTLV/BLV genus have been recognised in bovine species. They
are the Bovine leukemia virus (BLV) and Bovine immunodeficiency virus (BIV). BLV is the
cause of enzootic bovine leukosis (Kettmann et al., 1992). BLV can be transmitted vertically by
the transfer of infected lymphocytes in milk from a dam to her calf, or horizontally between
cattle by biting insects or via contaminated instruments (Pelzer and Sprecher, 1993). BIV is a
horizontally transmitted, nononcogenic, pathogenic retrovirus and member of the Lentivirus
genus. There has been a interest in BIV because Human immunodeficiency virus (HIV) is also
included in the Lentivirus genus (Gonda, 1992).

Other retrovirus genera also exist in bovine species. These are Bovine pulmonary
adenocarcinoma virus, a type D retrovirus genus, and Bovine syncytial virus (BSV) in
Spumavirus genus. The bovine pulmonary adenocarcinoma virus is the bovine version of the

Jaagsiekte sheep retrovirus (JSRV) (Petropoulos, 1997).

Ovine retroviruses

JSRV (Jaagsiekte sheep retrovirus) is a type D retrovirus, comprising both endogenous and
exogenous viruses of sheep. These viruses are associated with pulmonary cancer in sheep
(Petropoulos, 1997). Similar endogenous proviruses are detected in goats and other ungulates
(Hecht et al., 1996).

Maedi and Visna virus (MVV) and Caprine arthritis encephalitis virus (CAEV) are caused
by ovine lentiviruses (OvLV) (Petropoulos, 1997). Maedi, an Icelandic word meaning dyspnoea,
is used to describe a chronic interstitial pneumonia, and Visna refers to a slow, progressive
disease of the central nervous system. Maedi and Visna, therefore, are chronic multisystemic
diseases of sheep (DeMartini et al., 2000). CAEV also induces diseases of the central nervous
system (CNS) (McGuire et al., 1990).

Human retroviruses
Three different genera of retroviruses are identified in humans. They are Human T-cell
leukemia virus (HTLV) in the HTLV/BLV genus, Human foamy virus (HFV) in the Spumavirus
genus and Human immunodeficiency virus (HIV) in the Lentivirus genus (Petropoulos, 1997).
HTLV can be divided into two species (HTLV-1 and HTLV-2) and only exogenous

viruses are known. Infection with HTLV is associated with B- and T-cell leukemias, lymphomas
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and neurological disease (Petropoulos, 1997). HIV is an exogenous retrovirus and no closely
related endogenous retrovirus have been described. Members of the Lentivirus genus, including
HIV, are the causative agents of immunodeficiencies, neurological degeneration and arthritis

(Petropoulos, 1997).

Porcine retroviruses

Porcine type C viruses are classified in the genus Murine leukemia virus (MLV)-related
virus (Petropoulos, 1997). The first description of porcine C type retroviruses was from cultured
pig kidney cells (Breese, 1970; Armstrong et al., 1971). These porcine retroviruses are associated
with lymphosarcomas and tumors (Bostock and Owen, 1973). There has been emerging interest
in porcine retroviruses in relation to the potential use of pig organs and tissues for
xenotransplantations (Cozzi and White, 1995) and the theoretical hazards to transplant recipients
associated with endogenous proviruses (Stoye and Coffin, 1995).

Recently, much research has been carried out on porcine retroviruses. Retroviral infection
has been investigated in humans and baboons, both in vitro (Martin et al., 1998a; Patience et al.,
1998; Wilson et al., 1998) and in vivo (Martin et al., 1998b; Paradis et al., 1999; Pitkin and
Mullon, 1999; Switzer et al., 1999).

1.2.3. Retroviral variation

1.2.3.1. Mutation and deletion

Retroviruses are prone to errors during replication (Temin et al., 1991) and variation
among retrovirus populations has been observed since their first discovery (Rous and Murphy,
1913). Three different polymerases are involved in retrovirus replication, namely reverse
transcriptase, DNA polymerase, and RNA polymerase II (Pathak and Temin, 1990b). Cellular
DNA polymerases have a very low mutation rate because of their proofreading mechanisms, and
their contribution to the retroviral mutation rate is negligible (Drake, 1969). The rate of mutation
caused by RNA polymerase II has not been measured and its contributions to retroviral mutation
rates is unknown (Pathak et al., 1990). On the other hand, the mutation rate of avian
myeloblastosis virus (AMV) and human immunodeficiency virus (HIV) reverse transcriptase
determined by in vitro assay has been estimated to be 2.3 X 10~ and 4.3 X 107 substitutions per
bp per polymerisation cycle, respectively (Preston et al., 1988). Gojobori and Yokoyama (1985)
compared the rate of nucleotide substitution for the retroviral v-mos oncogene of Moloney
murine sarcoma virus (Mo-MuSV) and its cellular counterpart c-mos. They estimated the rate of

nucleotide substitution for v-mos and ¢-mos as 1.31 X 10~ and 1.71 X 107 substitutions per site

17



per year, respectively. The difference in rate of mutations between v-mos and ¢-mos confirmed
that DNA polymerase-based mutation was far less frequent than reverse transcriptase-based
mutation as indicated by Drake (1969). Another study measured the forward mutation rates in
vivo for spleen necrosis virus (SNV). Substitutions occurred at a rate of 7 X 10 per nucleotide
per cycle and frameshifts occurred at a rate of 1 X 10 per nucleotide per cycle (Pathak and
Temin, 1990b). Deletions and deletions with insertions occurred at a similar rate of 2 X 10 per

nucleotide per cycle (Pathak and Temin, 1990a).

1.2.3.2. Recombination

Since retroviral particles have two genomic RNAs in their virus particles, they can easily
recombine. The study of retrovirus recombination suggests a selective value for recombination in
removing genomic damage and in increasing the amount of variation in retrovirus populations
(Temin, 1991).

To measure the rate of recombination in a single cycle of retrovirus replication, helper
cells were infected with spleen necrosis virus-based splicing vectors containing either the
neomycin-resistance gene (neo) or the hygromycin B phosphotransferase gene (hygro). Progeny
proviruses were screened for proviruses expressing both wild type genes and were then
characterized by restriction enzyme digestion. The rate of retroviral recombination is about 2 %
per 1 kb per replication cycle (Hu and Temin, 1990). Another experiment showed that
recombination between an homologous sequence of about 560 bp occurred with a frequency of
about 10™ per virus replication cycle (Stuhlmann and Berg, 1992). Recently, recombination
between species has been identified. For example, BaEV (baboon endogenous retrovirus) is a
recombinant between two primate viruses (Mang et al., 1999; van der Kuyl et al., 1997) and RD-
114 in cat is a recombinant between baboon and primate retroviruses (van der Kuyl et al., 1999).
Also, Jaagsiekte sheep retrovirus (JSRV) appears to be a type B and D chimera because it
contains type D capsid sequences and type B envelope sequences (Hecht et al., 1996).

1.2.4. Retroelements

Retroelements are dispersed repetitive elements whose movement is mediated via an RNA
intermediate. These elements, also called retroposons or retrotransposons, consist of SINEs
(Short Interspersed Nuclear Elements), LINEs (Long Interspersed Nuclear Elements),
endogenous retroviruses and processed pseudogenes (Moran, 1998). The common feature of all
retroelements is that DNA copies have been made from RNA templates using reverse

transcriptase, and then integrated into the host genome.
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1.2.4.1. Endogenous retroviruses (ERVSs)

ERVs are very common in the mouse genome, comprising up to 5 % of the genome,
whereas in humans, they have been estimated to constitute up to 0.1 % of germ-line DNA
(Patience et al., 1997b). Complete ERVs, like the RNA of simple exogenous retroviruses, consist
of the gag, pol, and env genes flanked by LTRs, although many endogenous retroviruses may be
defective and undergoing mutational decay. Although many are capable of completing the
infectious viral cycle and thus are capable of horizontal transmission, most endogenous

retroviruses are stably inherited and are vertically transmitted only (Patience et al., 1997b).

1.2.4.2. LINEs

LINEs (Long Interspersed Nuclear Elements) are a class of retroposon distinguishable
from endogenous retroviruses by the lack of env sequences (Moran, 1998). LINEs are defined as
repeated sequences of DNA greater than 5 kb in length. They are usually present at copy
numbers of greater than 10* per mammalian genome (Hutchison et al., 1989; Singer, 1982). Most
LINEs are truncated and stranded in their current genomic location, where they are doomed to
gradually decay due to unconstrained mutation, even though some LINEs have at least a
theoretical potential for further movement (Moran, 1998).

One common LINE family in mammalian species, LINE-1 or L1, contains two open
reading frames (ORFs) potentially encoding proteins, although these ORFs are frequently
interrupted by mutation (Martin, 1991). All LINEs, including the truncated ones, end with
polyadenylation or at least an A rich region, and are bounded by short direct repeats. Some
features such as the lack of LTRs, the presence of an internal RNA polymerase Il promoter and
reverse transcriptase-like sequences are likely to be common to all LINE elements (Martin,
1991).

Homologous sequences of the L1 family have been found in animals, insects, higher plants
and even in protozoans suggesting that it may be even the ancestor of retroviruses (Hutchison et
al., 1989). Only about 10 % of mouse L1 elements are the full length of about 7 kb, with the
remainder being shorter truncated elements down to 500 bp in size. The L1 family alone is
present at more than 80,000 sites within the mouse genome. Given the universal distribution of
L1-like elements in eukaryotes, a similar number of related elements would be expected in the
porcine genome (Moran, 1998). Miller (1994) has described the existence of porcine LINEs.
Porcine LINEs are uniformly distributed throughout the euchromatic part of porcine genome,

with a slight bias towards G-bands (Thomsen and Miller, 1996).
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1.3. Xenotransplantation

Xenotransplantation is the transplantation of cells, tissues or organs between different
species. The interest in xenotransplantation has been growing during the past decade because of
the potential for using pigs as a source for unlimited donor organs and tissues to overcome a
shortage of human materials for clinical transplantation. For example, 4000 people in the USA
died waiting for a transplant in 1998 and every 16 minutes a new name is added to the waiting
list (Melton, 1999). The comparison between waiting lists and transplants is illustrated in Fig 1.3
for the UK, and similar trends are reported throughout the world.

According to White and Nicholson (1999), clinical transplantation can be divided into two
eras separated at the middle of the 1960s, prior to and after availability of treatment for
immunosuppression. Before the availability of appropriate immunosuppression, the results of
transplants were very poor. The use of immunosuppressive chemicals like cyclosporin provided
long-term survival of grafted organs but could not eliminate progressive graft rejection (Bailey et
al., 1985). There have been a few attempts during the past century to transplant animal organs
into humans. More recently, molecular and immunological understanding of xenograft rejection
and the feasibility of genetic modification of donors has made xenotransplantation more likely

(Platt and Lin, 1998; Vanhove et al., 1998).
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Fig 1.3 Discrepancy between number of patients awaiting renal transplantation and the
number of renal transplants performed in UK (United Kingdom Transplant Support

Services Association, 1998).
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For several reasons, pigs rather than non-human primates are expected to be the best
sources of xenograft donors. Firstly, porcine organs are physiologically and anatomically similar
to those of humans. Secondly, pigs can be bred economically and quickly in large numbers in a
disease-free environment. Finally, there are few ethical qualms about breeding pigs for slaughter
for xenotransplantation because pigs are already bred for human consumption (White and

Nicholson, 1999).

1.3.1. Barriers to xenotransplantation

1.3.1.1. Hyperacute rejection

Hyperacute rejection is the first major barrier to xenotransplantation and occurs
immediately after exposure of the donor organs to a recipients blood flow. A single donor gene
and its products are responsible for the hyperacute rejection of organs transplanted from non-
primates into primates. A disaccharide sugar, galactose o (1,3) galactose, called a-gal antigen, is
present as the terminal residue of glycoproteins and glycolipids on the surface of cells from pigs
and other mammals but is absent from higher apes (Mollnes and Fiane, 1999). Naturally
occurring antibodies in primates, formed in response to the same antigen in bacteria, recognise
galactose a (1,3) galactose. This antigen-antibody system activates the complement cascade
causing hyperacute rejection. Hyperacute rejection leads to destruction of the graft within
minutes to a few hours (Platt and Bach, 1991). Endothelial cells in blood vessels are the primary
target of the host immunity in hyperacute rejection (Platt et al., 1990).

Under normal circumstance, the complement cascade is inhibited by a number of proteins
in the plasma and on the surface of the cells (Hourcade et al., 1989). These protective proteins
include Decay accelerating factor (DAF), Membrane cofactor protein (MCP) and CD59. They
are also collectively called regulators of complement activation (RCAs) (Cozzi and White,

1995).

1.3.1.2. Cell-mediate immunity

Cell-mediated rejection is becoming of increasing importance as it causes delayed
xenograft rejection (White and Nicholson, 1999). Major histocompatibility complex (MHC)
antigens play a major role in eliciting this response, even though the mechanism of cell-mediated

immunity is not fully understand (White and Nicholson, 1999).
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1.3.2. Genetic manipulation to avoid xenograft rejection

Knocking out a (1,3) galactosyl transplantation

The a (1,3) galactose epitope is the major xenoantigen expressed on porcine cells and is
responsible for hyperacute rejection. All humans have circulating antibodies, which recognise gal
antigen since similar antigens are expressed in bacteria. Exposure of recipients to porcine tissue
expressing gal antigen causes activation of the complement cascade and ultimately hyperacute
rejection. The enzyme, o (1,3) galactosyl transferase, creates this antigen and it would be
desirable to eliminate it from porcine organs to be used for xenotransplantation. This porcine
gene was cloned by Dabkowski et al. (1994). Homologous recombination provides a theoretical
mechanism for knocking out the function of a (1,3) galactosyl transferase but all attempts to
develop porcine embryonic stem (ES) cells have failed (Vanhove et al., 1998). Very recently,
five piglets were cloned by nuclear transfer (Bradbury, 2000) bringing closer the possibility of a
knockout of a (1,3) galactosyl transferase and thus ultimately overcoming this major hurdle to
xenotransplantation.

Alternatively, Ogawa et al. (1999) demonstrated that transfected cells for splicing variants
of a (1,3) galactosyl transferase suppress the expression of 0-gal antigen. The transgene cDNAs
without exon 5 and 8 (A58), with insertion of 47 bp between exon 7 and 8 (Full+47) or with two
point mutations in exon 9 (Mut 9), reduced a-gal expression in COS7 cells by 27%, 36%, 23%,
respectively. The A58, Full+47 and Mut 9 showed 9%, 36% and 42% suppression of O-gal

expression in PK15 cells.

Over expressing H-transferase

The most widely explored alternative mechanism for preventing expression of galactose O
(1,3) galactose on porcine glycoproteins is to overexpress another glycosyl transferase, o (1,2)
fucosyl transferase or H-transferase. The overexpression of H-transferase suppresses the
appearance of galactose O (1,3) galactose in mouse and pigs (Sharma et al., 1996). However, this
effect of reducing Gal expression is dependent on cell type in the mouse (Chen et al., 1998).
Transgenics for the fucosyl transferase gene in the rat have developed carcinoma of the colon,

raising fears that overexpression of this enzyme and its product might be pathogenic in pigs

(Hallouin et al., 1999).

Protective proteins
Protective proteins like DAF (Decay accelerating factor, CD55), MCP (Membrane cofactor
protein, CD46) and CD59 can be overexpressed in pigs to inhibit activation of the complement

cascade and initiation of hyperacute rejection (Cozzi and White, 1995; Mollnes and Fiane, 1999).
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Initial attempts involved microinjection of human protective proteins into porcine zygotes.
Levels of transgenic expression of human DAF in porcine donors are very variable, but 67% of
transgenic pigs express the transgene in skin, liver, spleen, lung and heart (Langford et al., 1994).
Primate studies have demonstrated survival of porcine hearts transgenic for human DAF for up to
60 days without evidence of rejection. Unfortunately, high levels of immunosuppression are
required and have led to adverse side effects in the recipients (Dabkowski et al., 1994). Human
DAF transgenic pigs were also used for renal transplantation to primates without hyperacute
rejection and a maximum survival of 78 days was achieved (Bhatti et al., 1998; Zaidi et al.,
1998).

Mollnes and Fiane (1999) indicated that there may be possible health concern arising from
overexpression of membrane complement regulators, due to their affinity for different ligands.
For example, DAF is a high-affinity ligand for the seven-span transmembrane molecule, CD97,
which is rapidly expressed upon activation of many leukocytes and natural killer cells (Hamann
et al., 1996). Thus overexpression of DAF might interfere with control of general cell mediated
immunity. In addition, MCP is a receptor for measles virus and DAF is a receptor for echovirus
and coxackie B picornavirus and overexpression of these proteins could affect susceptibility to

virus infection (Weiss, 1998).

1.3.3. Progress in xenotransplantation

Organ xenotransplantation, including heart, liver and kidney from transgenic pigs, has
been tested in non-human primates (Byrne et al., 1997; Daggett et al., 1997; McCurry et al.,
1995; Schmoeckel et al., 1998; Zaidi et al., 1998). Also various porcine cells, including foetal
brain cells, pancreatic islet cells and liver cells also have been tested for transplantation (Chari et
al., 1994; Deacon et al., 1997; Groth et al., 1994; Heneine et al., 1998; Pitkin and Mullon, 1999).
Table 1.2 shows the recent progress and potential for xenotransplantation using porcine organs
and cells.

Most progress has been made in transplanting porcine foetal brain cells into humans to
cure Parkinson’s and Huntington’s disease. The brain is protected by the blood-brain barrier from
circulating immune factors and neural cells do not strongly express MHC class I and class 11
antigens for the xenograft rejection. Recently, Schumacher et al. (2000) reported results of
transplantation of porcine embryonic ventral mesencephalic tissue into patients with advanced
Parkinson’s disease, providing improvements in the total Unified Parkinson’s Disease Rating

Scale scores of 19%.
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Table 1.2 Potential xenotransplantation therapy using porcine cells and organs.

Disease Defect Therapeutic effect Stage Company
Parkinson’s Death  of  dopaminergic | Regulated release of dopamine | Phase [ Diacrin Inc
neurons in substantia nigra at synapses
Huntington’s Death of GABAergic neurons | Recognition of  neuronal | Phase [ Diacrin Inc
in corpus striatum pathways and regulated release
of GABA at synapses
Focal epilepsy Inappropreate neuronal firing | Inhibition of epileptic focus Preclinical | Diacrin Inc
Cognitive disorders Depletion with aging of | Regulated release of | Preclinical | Diacrin Inc
cholinergic neurons in | acetylcholine at synapses
neocortex and hippocampus
Acute liver failure Hepatocyte death Liver function Preclinical | Diacrin Inc
Familial Defect of LDL receptor on | Enhanced metabolism of | Preclinical | Diacrin Inc
hyperchlesterolemia liver cells circulating cholesterol
Cardiac disease Diseased or damaged | Provision of functional cardiac | Preclinical | Diacrin Inc
myocardium contractile tissue
Diabetes Death of insulin producing | Provision of insulin in response | ?? 7?
cells in pancreatic islets to changes in blood sugar
Cardiac disease Diseased or damaged heart Replacement of non-functional | Preclinical | Norvatis
heart

(Personal Communication: Chris Moran)

1.3.4. Dangers of porcine xenotransplantation

With the advent of xenotransplantation, zoonoses - the inadvertent transmission of
pathogens from animal organs or cells into human recipients - have become a concern. Pathogens
specific to baboons and pigs, which can infect humans, have been reviewed by Michaels and
Simmons (1994). To reduce the potential risks of transmitting animal infections to the recipients,
consideration has been given to raising donor animals under specific pathogen free (SPF)
conditions. In this process, any known exogenous pathogens can be excluded (Swindle, 1998).

However, endogenous retroviruses, belonging to the category of retroelements (see section
1.1.4 for more details), form part of the genome of the donor. They are hard to detect and
difficult or impossible to eliminate from the donor species, even under SPF conditions, but have
the potential to cause serious disease in humans (Stoye et al., 1998).

Three types of porcine endogenous retroviruses (PERVs) differentiated by the envelope
(env) gene, called PERV-A, PERV-B and PERV-C, have been recognised. They are present at
approximately 50 copies in the pig genome (Akiyoshi et al., 1998; Le Tissier et al., 1997). Host
range and interference studies in the three classes of PERVs show that each of them recognise
different receptors and all of them infect at least one human cell line (Takeuchi et al., 1998).

Recent coculture and infectivity experiments have shown that PERVs released from pig
kidney cell lines, from mitogenically activated porcine peripheral blood mononuclear cells
(PBMCs), or from porcine endothelial cells, can infect human cells and cell lines in vitro, raising

concerns about the possibility of cross-species infection after xenotransplantation (Martin et al.,
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1998a; Patience et al., 1997a; Wilson et al., 1998). However, there has been no evidence of
PERYV infections in vivo in baboons and humans (Martin et al., 1998b; Paradis et al., 1999; Pitkin
and Mullon, 1999; Switzer et al., 1999).

1.4. Aims of this thesis

At the time that the research described in this thesis was commenced, there was little
success with CATS primers in the pig genome as comparative anchor markers. Therefore the first
part of this thesis describes gene mapping use CATS primers. The rest of the thesis describes
characterising and mapping PERVs (porcine endogenous retroviruses). As a first step in defining
the real PERV hazard for xenotransplantation, this thesis includes the following aspects: i)
Characterising PERVs in Westran pigs. ii) Physical mapping including FISH mapping and
somatic cell hybrid mapping of PERVs. iii) Characterising ERVs (Endogenous Retroviruses) in
the Collared Peccary in order to obtain insight into PERV evolution by looking at endogenous
retroviruses from relatives of the pig.

This thesis is organised into seven chapters. General Materials and Methods are described
in Chapter Two. The mapping of a subset of CATS markers in the pig genome is described in
Chapter Three. Characterization and mapping of Porcine Endogenous Retroviruses (PERVs) is
presented in Chapter Four and Chapter Five, respectively. Chapter Six reports the discovery of
endogenous retroviruses in the Collared peccary. Finally, a general discussion and conclusions

are presented in Chapter Seven.
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Chapter Two

General Materials and Methods

2.1. Introduction

This chapter describes the general and common materials and methods used in more than
one chapter in this thesis. Common laboratory techniques, materials, and general procedures for
preparation of reagents presented here are based on Molecular Cloning: a Laboratory Manual
(Sambrook et al., 1989), unless otherwise mentioned. All specific materials and methods are
fully described in relevant chapters. All glassware and plasticware were sterilised by either
autoclaving at 120°C for 20 minutes or baking at 200°C overnight. Chemical reagents used were

Analytical Reagent (AR) or Molecular Biology grades unless otherwise specified.

2.2. Preparation of buffers
2.2.1. Commonly used buffers

2.2.1.1. Tris-HCI

To make 1 M Tris-HCI with a required pH (7.6 or 8.0), 121.1 g of Tris base was initially
dissolved in 800 ml distilled water and the pH was adjusted to the desired value by adding
concentrated HCI at room temperature. The volume of the solution was then adjusted to 1000 ml

by adding distilled water and the mixture was then autoclaved at 120°C for 20 minutes.

2.2.1.2. EDTA

The stock solution of 0.5 M EDTA (pH 8.0) was made by adding 186.1 g of disodium
ethylenediaminetetraacetate.2H,0 (EDTA) to an initial volume of 800 ml distilled water. About
20 g sodium hydroxide (NaOH) was added to hasten dissolving of EDTA. The solution was
stirred on a magnetic stirrer for at least 3 hours. Finally, the pH was adjusted to 8.0 with further
NaOH and the volume was made up to 1000 ml. The solution was then autoclaved at 120°C for

20 minutes.
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2.2.1.3. TE

TE (10 mM Tris-HCI and 1 mM EDTA) buffer was prepared in aliquots of 500 ml at a
time. To make this volume of TE, 1 ml of 0.5 M EDTA (pH 8.0) and 5 ml of 1 M Tris-HCI (pH
7.6 or 8.0) was mixed and the volume was made up with distilled water. The solution was then

autoclaved at 120°C for 20 minutes.

2.2.1.4. TAE

A stock solution (50X) of TAE (Tris-acetate EDTA) was prepared by mixing 242 g of Tris
base, 57.1 ml of glacial acetic acid and 100 ml of 0.5 M EDTA (pH 8.0) and adjusting the
volume to 1000 ml with distilled water. A working solution (1X) was prepared by dispensing 400

ml of the stock solution and bringing the final volume to 20 litres with distilled water.

2.2.1.5. TBE

A 20X TBE (Tris-borate EDTA) stock was made by mixing 216 g of Tris base, 110 g
boric acid and 80 ml of 0.5 M EDTA (pH 8.0) and adjusting to final volume of 1000 ml by
adding distilled water.

2.2.1.6. SSC

A 20X SSC stock was prepared by mixing 175.3 g of NaCl and 88.2 g of sodium citrate in
800 ml of distilled water. The solution was then adjusted the pH to 7.0 with few drops of NaOH
and adjusting to final volume of 1000 ml by adding distilled water.

2.2.2. Buffers used for DNA extraction

2.2.2.1. Cell lysis buffer

To make 100 ml of cell lysis buffer, 1 ml of Triton X-100 (1% final concentration), 100 pl
of 1 M Tris-HCI pH 8.0 (1 mM final concentration) and 500 pl of 1 M MgCl, (5 mM final
concentration) were mixed, and distilled water was added to adjust the total volume to 100 ml.
Prior to use, 32 ml 1M sucrose were added to 68 ml of the solution (0.32 M final concentration).
This buffer was freshly made and used for lysing cells when genomic DNA was extracted from

blood samples.
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2.2.2.2. Nuclear lysis buffer

A stock of 100 ml nuclear lysis buffer was prepared by mixing 1 ml of 1 M Tris-HCI, pH
8.0 (10 mM final concentration), 1 ml of 1 M KCI (10 mM final concentration), 400 pl of 0.5 M
EDTA, pH 8.0 (2 mM final concentration), 500 ul of SDS (0.5% final concentration) and 50 pl
of 1 M NaCl (0.5 mM final concentration). The final volume was adjusted to 100 ml with

distilled water. This buffer was used for lysing nuclei when genomic DNA was extracted from

blood samples.

2.2.2.3. Solution |

A stock of 100 ml solution | was prepared by mixing 2 ml of 0.5 M EDTA pH 8.0 (10 mM
final concentration) and 2.5 ml of 1 M Tris-HCI pH 8.0 (25 mM final concentration). The final
volume was adjusted to 100 ml distilled water. This buffer was used for extraction of plasmid

DNA from bacterial cells.

2.2.2.4. Solution 11

This solution was freshly made immediately before use for extraction of plasmid DNA
from bacterial cells. 1 ml stock of 10% SDS was mixed with 2 ml of 1 M NaOH. Distilled water
was then added to obtain a 10 ml solution I, containing 1% SDS and 0.2 M NaOH.

2.2.2.5. Solution 111

This solution was also required for extraction of plasmid DNA from bacterial cells. To
prepare a 100 ml of this solution, 11.5 ml of acetic acid (11.5% final concentration) was added to
60 ml stock of 5 M potassium acetate (3 M final concentration) and the final volume was

adjusted with distilled water.

2.2.3. Gel loading buffers

2.2.3.1. Agarose gel-loading buffer

To make 10 ml of 10X stock, 0.025 g Bromophenol blue (0.25% final concentration),
0.025g Xylene Cyanole FF (0.25% final concentration) and 5 ml of 30% Ficoll (15% final

concentration) were mixed and distilled water was added to adjust the final volume to 10 ml. The

28



stock was stored at room temperature and used when loading DNA samples in agarose gels to

prevent samples from spilling from wells and to provide tracking dyes for electrophoresis.

2.2.3.2. Sequencing gel-loading buffer
Gel-loading buffer for ABI sequencer

A stock was made by mixing 9.8 ml of deionized Formamide (98% final concentration),
200 pl of 0.5 M EDTA pH 8.0 (10mM final concentration) and 0.0025 g of each Bromophenol
blue and Xylene Cyanole (0.025% final concentration). This buffer aided loading samples into

wells and maintained DNA in a denatured status during electrophoresis.

Gel-loading buffer for Li-Cor sequencer

A stop/loading buffer stock was made by dissolving 40 mg NaOH (10 mM final
concentration) and 2 ml 0.5 M EDTA pH 7.6 (10 mM final concentration) into 100ml deionized
Formamide. Stock loading dye solution (21 mg/ml Basic Fuchsin, Aldrich) in the ratio 5:100 was

added above stop buffer. These stock solutions were stored in the freezer.

2.3. Preparation of medium

2.3.1.1. LB medium

For preparing 1 litre LB (Luria-Broth) medium, 10 g Bacto-Tryptone (1% final
concentration) 5 g Bacto-Yeast extract (0.5% final concentration) and 10 g NaCl (1% final
concentration) were dissolved in 800 ml distilled water. The pH of the medium was adjusted to
7.0 by adding NaOH and the final volume was increased to 1 litre by adding distilled water. LB

medium was autoclaved at 120°C for 20 minutes and stored at 4°C.

2.3.1.2. LB plate with ampicillin or kanamycin

Into 100 ml LB medium, 2 g agar was added (2% final concentration) and the mixture was
microwaved until dissolved. The solution was cooled down to 50°C and then 500 pl of 10 mg/ml
ampicillin or kanamycin was added (50 pg/ml final concentration) and mixed. Then, 15 ml of
this solution was poured in 6 mm Petri dishes. The plates were left at room temperature for 20

minutes to harden the agar, and were then stored in an upside-down position at 4°C until used.
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2.4, DNA extraction

2.4.1. Extracting genomic DNA from blood

Porcine whole blood samples in 10ml EDTA vacutainer tubes were removed from the -
20°C freezer and thawed at room temperature. 10 ml of the thawed blood was transferred to a 50
ml polypropylene screw-cap centrifuge tube (Beckman) and approximately 5 ml cell lysis buffer
(1% Triton X-100, 0.32 M sucrose, 1 mM Tris-HCI pH 8.0 and 5 mM MgCl,) (see section
2.2.2.1. in detail) was added. This solution lyses blood cells and leaves the nuclei intact. A
nuclear pellet was obtained after centrifugation at 4,000 rpm (See Appendix 2.3 for the
conversion of rpm to g) for 10 minutes in a Beckman J2-21 M/E Centrifuge using a JA-20 rotor.
The supernatant was decanted into a beaker containing 20 ml of bleach. If the pellet was red, the
above lysis step was repeated. After decanting the supernatant, the pellet was resuspended in 5
ml of nuclear lysis solution (10 mM Tris-HCI pH 8.0, 10 mM KCI, 10 mM MgCl,, 0.5 mM
NaCl, 0.5% SDS, 2 mM EDTA) (see section 2.2.2.2. in detail) with 40 ul 20 mg/ml Preteinase K.
The contents were mixed and the tube incubated at 55°C with constant shaking at 100 rpm
overnight.

On the following day, 20 pul of RNase (10 mg/ml) was added into the solution and the tube
was incubated a further 1 hour at 55°C. After finishing incubation, 3 ml of phenol and 3 ml of
chloroform were added and the solution was mixed by inversion. After the tube was centrifuged
at 10,000 rpm for 10 minutes in the Beckman JA-20 rotor with a suitable rubber adapter supplied
by Beckman, the upper aqueous layer was carefully removed to a fresh 10 ml yellow cap
graduated polypropylene tube. The purified DNA was then precipitated by the addition of 500 pl
of 3 M sodium acetate (NaOAc) and 1 volume of isopropanol and the centrifugation was
performed at 10,000 rpm for 5 minutes to pellet the DNA. After carefully pouring off the
supernatant, 1 ml of 70% ethanol was added to rinse the DNA which was again centrifuged at
10,000 rpm for 5 minutes. The DNA pellet was dried at room temperature until the residual
liquid disappeared. The DNA pellet was resuspended in 500 pl of TE buffer (pH 7.5) and 2 pl of

RNase (10 mg/ml) and left at room temperature overnight to dissolve prior to storage at 4°C.

2.4.2. Extracting plasmid DNA from bacterial cells

Mini-preparation of Plasmid DNA
The alkaline minilysis method of Birnboim and Doly (Birnboim and Doly, 1979) was
adapted for the preparation of plasmid DNA.
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Individual positive plasmid colonies were picked with a sterile tip to inoculate a 10 ml
tube containing 5 ml LB medium with 50 pg/ml ampicillin or kanamycin depending on the
vector used. The tube was then incubated at 37°C for 10-14 hours. After finishing incubation, 0.5
ml of each culture solution was used to make a glycerol stock for long-term storage of live
bacteria. A bacterial cell pellet was obtained after centrifugation at 5,000 rpm for 5 minutes in a
Beckman J2-21 M/E centrifuge using a JA-20 rotor with rubber adapter. The supernatant was
discarded into a beaker with 20 ml of bleach.

The residual cell pellet was thoroughly resuspended in 100 pl of ice-cold miniprep
solution | (25 mM Tris-HCI pH 8.0, 10 mM EDTA pH 8.0) (see section 2.2.2.3. in detail). After
vigorous vortexing, the tube was stood at room temperature for 5 minutes. To lyse the cells, 200
ul of freshly prepared miniprep solution Il (section 2.2.2.4) was added to the cell suspension. The
tube was mixed gently by inversion to ensure that the entire surface of the tube came in contact
with solution 11, then placed on ice for 5 minutes. To precipitate proteins and cell debris, 150 pl
of ice-cold miniprep solution Il (60 ml 5 M potassium acetate, 11.5 ml glacial acetic acid, and
28.5 ml distilled water) (see section 2.2.2.5. in detail) was added and then mixed by vortexing for
a few seconds. The tube was chilled in ice for 10 minutes to allow most of the protein, high
molecular-weight RNA and chromosomal DNA to precipitate.

The tube was centrifuged at 12,500 rpm for 5 minutes at room temperature to yield a clear
supernatant. The supernatant, which contained the plasmid DNA, was transferred to a fresh tube,
while the pellet which contained precipitated proteins and cell debris was discarded. An equal
volume of phenol (400 ul) was added to the supernatant and the tube was vortexed for one
minute, to create an aqueous phenol emulsion. The tube was then spun at 12,500 rpm for 5
minutes to separate the phenol and aqueous layers. Immediately after centrifugation, the aqueous
layer (top phase) was transferred to another fresh tube, mixed with an equal volume of
chloroform (400 pl) and centrifuged at 12,500 rpm for 5 minutes. Again, the aqueous layer was
removed after centrifugation and transferred to a fresh Eppendorf tube. To precipitate the
plasmid DNA, 0.05 volume of 4 M NaCl followed by 2 volumes of absolute ethanol were added
to the tube. The tube was placed at -80°C for 20 minutes.

After centrifugation for 10 minutes, the supernatant was discarded and the plasmid DNA
pellet was collected. The pellet was rinsed gently with 1 ml of 70% ethanol and dried by placing
the tube into a heater block at 37°C for about 10-20 minutes. Finally, the plasmid DNA pellet
was dissolved in 30 ul TE buffer (pH 7.5) containing 10 pg/ml DNase-free pancreatic RNase and
stored at 4°C.

31



Mini-preparation of Plasmid DNA for sequencing

Pure plasmid DNA was needed for sequencing. A JETquick Plasmid Miniprep Spin Kit
(GENOMED Inc.) was employed for this purpose.

Bacterial cells were harvested by the previously described method in a 10 ml tube. The cell
pellet was thoroughly resuspended in 210 pl of solution G1 (50 mM Tris-HCI pH 8.0, 10 mM
EDTA pH 8.0, 100 pg/ml RNase A). After vigorous vortexing, the homogeneous suspension was
transferred to a 1.5 ml Eppendorf tube. To lyse the cells, 210 ul of solution G2 (0.2 M NaOH,
1% SDS) was added to the cell suspension. The tube was mixed gently by inversion to ensure
that the entire surface of the tube came in contact with solution G2, then incubated at room
temperature for 5 minutes. To precipitate proteins and cell debris, 280 pl of solution G3 (contains
acetate and guanidine hydrochloride; details not provided by manufacturer) was added and then
mixed by inverting the tube several times until a homogenous phase was obtained. After
centrifugation for 10 minutes at 12,500 rpm, the supernatant was loaded into a JETquick spin
column in a 2 ml receiver tube. Immediately after centrifugation for 1 minute, the flowthrough in
the receiver tube was discarded. The spin column was reinserted into the receiver tube and 500 pl
of solution GX (contains acetate, guanidine hydrochloride, EDTA, and ethanol; details not
provided by manufacturer) added. After incubation for 1 minute at room temperature, the column
was centrifuged again at 12,500 rpm for 1 minute and the flowthrough discarded again. The spin
column was reinserted into the receiver tube and 700 pl of solution G4 (contains ethanol, NaCl,
EDTA, and Tris-HCI; details not provided by manufacturer) added. After centrifuging twice at
12,500 rpm for 1 minute to get rid of all residual solutions, the JETquick spin column was placed
into a new 1.5 ml Eppendorf tube. 50 pl of preheated (65-70°C) TE buffer (10 mM Tris-HCI and
1 mM EDTA) was added directly onto the centre of silica matrix of the spin column to elute the
DNA from the column. After centrifuging at 12,500 rpm for 2 minutes, the plasmid DNA eluted

was stored at 4°C until use.

Large-scale preparation of plasmid DNA

This is a modification of the alkaline minipreparation method. 100 ml of LB medium in a
500 ml conical flask was inoculated with cells from a single colony of bacteria. Cells were grown
overnight with shaking at 37°C. The medium was collected in a 250 ml polypropylene screw-cap
centrifuge tube (Beckman) and spun in a JA-14 rotor in a Beckman J2-21M/E centrifuge at 5,000
rpm for 5 minutes. The bacterial pellet was resuspended in 2.5 ml of solution | (25 mM Tris-HCI
pH 8.0, 10 mM EDTA pH 8.0) (see section 2.2.2.3. in detail) and transferred to a 50 ml
polypropylene screw-cap centrifuge tube (Beckman). 5 ml of freshly prepared solution Il (0.2 M
NaOH, 1% SDS) (see section 2.2.2.4. in detail) was then added and mixed by gentle inversion,
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followed by placing the tube on ice for 5 minutes. Then 3.75 ml of solution 11l (3 M potassium
acetate, 11.5 % acetic acid) (see section 2.2.2.5. in detail) was added and mixed by vortexing for
a few seconds before the tube was placed in ice for 10 minutes. The mixture was then centrifuged
in a JA-20 rotor at 4°C for 15 minutes at 15,000 rpm and the supernatant was transferred to a new
50 ml centrifuge tube.

To this supernatant, 50 pl of DNase-free pancreatic RNase (10 mg/ml) was added and the
tube was incubated at 37°C for 30 minutes. This was followed by adding 40 pl of Proteinase K
(20 mg/ml) and further incubation at 37°C for 1 hour. After incubation, 1/2 volume of
isopropanol (5.6 ml) was added and the contents of the tube were mixed. The tube was then spun
at 4°C for 15 minutes at 10,000 rpm. After centrifugation, the supernatant was poured off and the
DNA pellet was resuspended in 300 pl of 0.3 M sodium acetate. The solution was transferred to
a fresh Eppendorf tube after dissolution. 3 volumes of absolute ethanol (900 pl) were added and
the tube stored at -80°C for 20 minutes, followed by centrifugation for 5 minutes. The plasmid
DNA was then rinsed with 70% ethanol, briefly dried, and dissolved in 500 pl of TE (pH 7.5).

2.4.3. Isolation of DNA from gel slices

2.4.3.1. BRESAclean™ DNA purification kit

The isolation of pure PCR products is essential for the cloning reaction. For this purpose, a
BRESAclean™ DNA purification kit (Bresatec Inc.) was used.

DNA fragments were excised from a TAE gel under UV light, weighed, mixed with 3
volumes of BRESA-SALT™ (bottle no. 1), and incubated at 55°C for 5 minutes. The completely
dissolved gel slice was mixed with 5 pl plus 1 pl/ug DNA of BRESA-BIND™ (bottle no. 2) and
incubated for 5 minutes at room temperature to bind DNA with regular mixing to keep the
BRESA-BIND™ in suspension. The BRESA-BIND™/DNA complex pellet was obtained after
centrifugation for 5 seconds with microcentrifuge. The supernatant was poured off and the pellet
was washed once with BRESA-WASH™ (bottle no. 3) in a volume equivalent to the amount of
BRESA-SALT™ (bottle no. 1) used. After 5 seconds centrifugation again all traces of wash
solution were removed. Purified DNA was eluted with 20 ul of TE buffer followed by incubation
at 55°C for 5 minutes and by centrifugation 1 minute in microcentrifuge. DNA was stored at —20

°C until use.

33



2.4.3.2. Low melting point agarose gel

The second method for gel purification of DNA used low-melting point agarose
(Wieslander, 1979). Restriction digests or PCR reaction products were run at 100 V in 1% low-
melting point agarose gel. Electrophoresis was stopped at an appropriate time, and the DNA band
of interest was excised from the gel and placed in an Eppendorf tube containing 100 pl of TE
(pH 7.5). The gel was melted using a heater block at 65°C for 15 minutes, and the insert DNA
fragment was then purified by phenol and chloroform extractions. Finally, after ethanol
precipitation, the DNA fragment was dissolved in TE (pH 7.5) and stored at 4°C.

2.5. Measuring the concentration of DNA

2.5.1. Spectrophotometric measurement

The DNA samples to be quantified were diluted in individual 1.5 ml Eppendorf tubes
containing 2 pl of extracted genomic or plasmid DNA in 198 ul of TE (pH 7.5). The
concentration of DNA was measured by spectrophotometry (Pharmacia Biotech Gene Quant Il
RNA/DNA Calculator) at wavelength of 260 hm (ODy) and 280 nm (ODyg). The ODyg Was
used for determining genomic DNA concentration using the relationship that OD,g of 1
corresponds to about 50 pg/ml of double-stranded DNA. The ratio between OD,g, and ODyg
indicates the extent to which there has been contamination of the extracted DNA with protein.
When the ratio is less than 1.8, it indicates that the sample is contaminated with protein
(Sambrook et al., 1989).

2.5.2. Agarose gel quantification

To check the concentration of DNA or to determine whether the DNA was sheared or
otherwise degraded, 1 pl of extracted DNA was mixed with agarose loading dye and run on a
0.8% agarose gel at 100 voltage for 40 minutes. A range of known concentrations of DNA

(A/Hindlll 1 pg/ml) was used to estimate the concentration of extracted DNA samples.

2.6. Designing Primers

Primers were designed from the relevant GenBank database sequences using the computer
program “Primer Design — Version 2.0” (Scientific and Educational Software, 1991). The criteria
specified in the selection of a primer were a 45-55% GC content, no hairpins, no dimerisation

within or between primer pairs, and a primer length of 20 nucleotides. Primers for the
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comparative mapping research (Comparative Anchor Tagged Sequence (CATS) primers) were
kindly supplied by Dr. Leslie Lyons. All other primers were synthesised commercially unless
specified. Primers were diluted to 10 pmole/ul with sterile MilliQ water and stored at -20°C. The
Primer Design program estimates the melting temperatures for each primer and normally the

annealing temperature for PCR reaction was set at 5°C lower than melting temperature.

2.7. PCR

2.7.1. PCR conditions

PCR conditions were optimised by testing four levels of MgCl, concentration (0.5 mM, 1
mM, 2 mM, 3 mM) and a range of annealing temperatures using identical control genomic DNA
before moving to the main experiments. The optimum concentration of MgCl, and annealing

temperature for each primer pair is presented in relevant chapters.

2.7.2. PCR amplification

PCR reactions were performed in a 25 pl reaction volume and the composition is outlined

below.

Constituent Final
Genomic DNA ~100 ng
Forward primer 10 pmol
Reverse primer 10 pmol

MgCl, 0.5 mM-3mM
Each dNTP (dATP, dGTP, dCTP, dTTP) 100 pM

10 x Taq polymerase buffer 2.5 ul

Taq DNA polymerase 1 unit

Distilled water up to 25 pl

The mixture was overlaid with one drop of Paraffin oil and PCR was carried out in a PTC-
100 Programmable Thermal Controller (MJ Research, Inc.) with the following thermocycling
programme (Table 2.1). After the thermocycle reaction, the PCR products were directly analyzed

or stored at -20°C until used later.
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Table 2.1 Thermocycling profile used for PCR amplification.

Purpose Temperature Duration No. of cycles
Initial denaturation 95°%C 5 minutes 1
Denaturation 95°C 30 seconds

Annealing Variable (50-65 °C) 30 seconds 30

Extension 72°C 30 seconds

Final extension 72°C 20 minutes 1

2.7.3. Touchdown PCR

Touchdown PCR is based on progressively lowering the annealing temperatures during
PCR (Don et al., 1991). The high annealing temperature at the beginning of the PCR reaction
ensures that only the correct products are amplified in the beginning, even though less efficiently
than in the conventional PCR cycles. Later the decreased annealing temperature provides more

efficient amplification when the correct products predominant as template.

2.7.4. Screening of clones using boiled preparation

After a single colony was cultured in 5 ml LB medium overnight, a bacterial cell pellet
was obtained by centrifugation at 5,000 rpm for 5 minutes in a Beckman J2-21 M/E centrifuge
using a JA-20 rotor with rubber adapter. The supernatant was discarded. 5 pl of the residual cell
pellet was mixed thoroughly with 5 pl sterile water and heated at 95 °C for 5 minutes using a
PTC-100 Programmable Thermal Controller (MJ Research Inc.) to release DNA from the cell.

PCR amplification was undertaken on 1 pl of the boiled extracts.

2.8. Restriction enzyme digestion

All the restriction enzymes and the restriction enzyme buffers were purchased from
Promega, and digestions were carried out using the manufacture’s recommendations. The

following cocktail components were used to digest PCR products or plasmid DNA.

PCR products or plasmid DNA =0.5-2ug
10X restriction enzyme buffer =3ul
Restriction enzyme = 5 units
Distilled water up to 30 ul
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After the components above were mixed, the tubes were normally incubated overnight in a
hybridisation oven (Hybaid Inc) at an appropriate temperature specified in the Promega catalog.

The reaction was stopped by adding 10X gel loading buffer before electophoresis.

2.9. Gels and gel electrophoresis

2.9.1. Agarose gels

Agarose gel electrophoresis was used to separate DNA fragments and was performed in a
horizontal gel electrophoresis tank (OWL Scientific Plastics Inc.). The concentration of the gel
used was dependent on the size of DNA fragments to be resolved. To make a 1% agarose gel, 1 g
of agarose powder (Progen Industries Ltd.) was mixed with 100 ml of 1X TAE. The solution was
microwaved with shaking at one minute intervals until the agarose was completely dissolved.
After cooling the solution to about 60°C, 2 ul of 10 mg/ml ethidium bromide was added before
pouring in a 20 cm horizontal gel electrophoresis tank (Owl Scientific Inc.). A well-forming
comb was put in place and the solution was allowed to set for about one hour. Samples of PCR
products were loaded with loading buffer along with molecular size markers to estimate the size
of the product. Electrophoresis of the gel was performed in 1X TAE at 100 to 120 volts for 20 to
45 minutes. Gels were then removed and the DNA bands detected by ethidium bromide
fluorescence using an ultraviolet light transilluminator (UVP Inc.). Gels were photographed
using a polaroid camera (Polaroid MP4 Land Camera), using a red filter and 667 Kodak black
and white instant film.

2.9.2. Sequencing gels

2.9.2.1. ABI 373 sequencing gels

6% Denaturing polyacrylamide sequencing gels were made to separate DNA fragments
differing by as little as one nucleotide in length. A 6% polyacrylamide gel was prepared by
dissolving 40 gm of urea (ICN Biomedical Inc.) in 28ml of distilled water with 12 ml of 40%
acrylamide/bis solution (19:1, Gradipore Ltd) and 8ml of 10 x TBE. The gel solution was mixed
in a beaker and stirred until completely dissolved. Meanwhile, the glass plates from a vertical 25
cm x 42 cm sequencing gel apparatus (Applied Biosystems, Perkin-Elmer) were thoroughly
cleaned using glass plate washing solution and distilled water. Then, the gel solution was mixed
with 400 pl of 10% APS (ammonium persulfate) and 40 pl of TEMED (N, N, N°, N’, - tetra

methyl ethylene diamine) and immediately the solution was poured between the two glass plates
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separated by 0.4 mm spacer. Finally a well-forming comb (36-well sharks-tooth comb) was
inserted immediately and the gel left at the room temperature to set for more than 2 hours. After
pre-electrophoresis at 2000 volts, 40 watts for 20 minutes in 1X TBE, sequencing samples were

loaded and the gel run at 2000 volts for 14 hours.

2.9.2.2. Li-cor sequencing gels

For the purpose of long readable single pass-sequencing, a Li-Cor sequencer (Model 4200,
Li-Cor Inc.) was used. There are three sizes of gels (25 cm, 41 cm, 66 cm). A 66 cm gel, which
can be read for up to 1,000 bp, was used for most of the experiments in this thesis.

A 4% polyacrylamide gel was prepared by mixing 18.9 gm of urea, 3.6 ml 50% Long
Ranger acrylamide solution (BioProducts Com.) and 10.8 ml of 5 x TBE in a beaker and stirred
until completely dissolved. Distilled water was added to bring the total volume to 45 ml or
50.625 gm. While the gel solution was mixed, the 66 cm glass plates were thoroughly cleaned
using distilled water and isopropanol. When the gel solution was dissolved completely, 200 pl of
10% APS and 20 pl of TEMED were mixed and immediately the solution was poured between
the two glass plates separated by a 0.25 mm spacer. Immediately, a well-forming comb (48-well
rectangular comb) was inserted. The gel was left at room temperature to set for more than 2

hours.

2.10. Sequencing — ABI/Li-Cor

Cycle sequencing was performed with a dye-labelled (for ABI) or unlabelled (for Li-Cor)
terminator, using a method modified from Sanger’s dideoxy sequencing method (Sanger et al.,
1977).

2.10.1. ABI Dye Terminator Cycle Sequencing

Fuorescence-labelled cycle sequencing reactions were performed in 20 pl volumes using
an ABI sequencing kit (Perkin Elmer). Each reaction contained 100 ng of plasmid or PCR
products template DNA, 8 pl of Terminator Ready Reaction Mix and 3.2 pmole primer. The
mixture was overlaid with one drop of paraffin oil, and the reaction was performed in a PTC-100
Programmable Thermal Controller (MJ Research, Inc.). Reaction profiles included 25 cycles of
30 seconds denaturation at 96°C, 15 seconds annealing at 50°C, and 4 minutes of extension at
60°C. After PCR, all 20 pl of the reaction contents were transferred to a 1.5 ml Eppendorf tube

which contained 2 pl of 3 M Sodium acetate (pH 4.6) and 50 pl of 95% ethanol. The tube was
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vortexed and kept on ice for 10 minutes. Then the tube was spun at 12,500 rpm for 15 minutes to
remove the unincorporated terminators and to pellet the DNA. After rinsing with 70% ethanol,
the pelleted DNA was dried. The dried DNA sample was resuspended by adding 5 pl of auto-
sequencing gel loading buffer (Section 2.2.3.2) and completely dissolved by vortexing. Then, the
DNA sample was denatured at 95°C for 5 minutes, and placed on ice until all of the sample
solution was loaded in a sequencing gel. After running the gel, the sequence data were analysed
with DNA sequencing analysis software (version 3.3, Perkin Elmer).

2.10.2. Li-Cor cycle sequencing

Li-Cor cycle sequencing reactions were carried out using a SequiTherm EXCEL™ 11
DNA Sequencing Kits-LC (Epicentre Technologies, Inc.). Compared to the ABI system, the Li-
Cor system has only two infra-red dyes available (Wavelength 700 and 800). The cycle
sequencing reaction products must be resolved in four lanes.

The 17 pl volume of premix was made in a 0.5 ml microcentrifuge tube by combining 7.2
pl of 3.5X SequiTherm EXCEL Il sequencing buffer, 2 pl (Lpmole/ul) of IRD-labelled primer,
100 to 250 fmole of DNA template, 1 pl of SequiTherm EXCEL Il DNA Polymerase (5 U/ul),
and deionized water to 17 pl. This premix was placed on ice until use. For each template, four
0.2 ml PCR tubes were labeled G, A, T, C and placed on ice. Then 2 ul of each SequiTherm
EXCEL II-LC termination mix, G, A, T or C, were added to the G, A, C, T tubes, respectively. 4
ul of premix was added to each of the four tubes of termination mix and thoroughly mixed. The
mixture was overlaid with one drop of paraffin oil. After briefly centrifuging, the PCR reaction
was performed in a PTC-100 Programmable Thermal Controller (MJ Research, Inc.). Reaction
profiles included a 5 minute denaturation step at 95°C followed by 30 cycles, each consisting of
30 seconds denaturation at 95°C, 15 seconds annealing at 50°C, and 1 minute of extension at
70°C. After the PCR, 3 pl of stop/loading buffer was added to each reaction which was stored at
—20 °C until use. After running the Li-Cor sequencing gel, the sequence data were analysed with
image analysis (version 4.0, Li-Cor Inc.) and manipulated with image manipulation (version 4.0,
Li-Cor Inc).

2.11. Cloning PCR products

Two vector systems were employed: pCR" 2.1 — TOPO vector (Invitrogen, TOPO™ TA
Cloning Kit) (see Appendix 2.1.) for products amplified with Taqg DNA polymerase, and pCR" -
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Blunt vector (Invitrogen, Zero Blunt™ PCR Cloning Kit) (see Appendix 2.2.) for products
amplified with Pfu proof reading DNA polymerase.

2.11.1. TOPO™ TA Cloning Kit

The plasmid vector, pCR" 2.1 — TOPO, is supplied linearised with single 3’ thymidine (T)
overhangs for cloning PCR products which generally have 3’ adenine (A) overhangs.
Topoisomerase is covalently bound to the vector to increase the efficiency of ligation at room

temperature.

2.11.1.1. Ligation of plasmid and insert DNA

To obtain the optimal ratio of plasmid-to-insert DNA, a 1:1 molar ratio of vector:insert
was tried. In general, 0.5 to 2 pl of a typical PCR sample (10 ng/pl) with an average insert length
of 400 to 1,000 bp will give the proper insert:vector ratio. In a 5 pl reaction volume, the

composition contained:

Fresh PCR product 0.5to2pl
pCR" 2.1 — TOPO vector 1ul

Deionized water to final volume 5 pl

The ligation reaction was performed for 5 minutes at room temperature (~25°C). The
reaction to be was briefly centrifuged and then placed on ice prior to the One Shot™

transformation reaction.

2.11.1.2. Transformation reaction

50 pl of TOP10 One Shot™ competent cells were thawed on ice. 2 ul of 0.5 M B-
mercaptoethanol were added and mixed by stirring gently with a pippette tip. 2 pl of the TOPO
cloning solution were then added. The tube was incubated on ice for 30 minutes. The cells were
heat shocked for 30 seconds at 42°C. Then the tube was transferred into ice and incubated for
another 2 minutes. 250 pl of SOC medium (2% Tryptone, 0.5% Yeast Extract, 10 mM NacCl, 2.5
mM KCI, 10 mM MgCl,, 10 mM MgSO,, 20 mM Glucose) was added and shaken gently at 37°C

for 30 minutes (for ampicillin selection) or 1 hour (for kanamycin selection) to allow the cells
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recover. The cells then be plated directly onto a 1.5% agar LB medium plate containing 50 pg/ml
ampicillin or kanamycin and incubated at 37°C overnight.

2.11.2.  Zero Blunt™ PCR Cloning Kit

2.11.2.1. Ligation of plasmid and insert DNA

In a 10 pl reaction volume, the reaction mix contained:

Linearized, blunt pCR-Blunt (25ng) 1l
Blunt-end PCR product lto5pl
10X Ligation Buffer 1l

T4 DNA Ligase (4U/ul) 1l
Deionized water to final volume 10l

The ligation reaction was performed for 1 hour at 16°C. The rest of the procedures are the
same as above for the TOPO™ TA Cloning Kit.

2.11.2.2. Transformation reaction
Most of the procedures are the same as for the TOPO™ TA Cloning Kit except the

recommended duration of the heat shock is 45 seconds rather than 30 seconds and -

mercaptoethanol is not needed for the blunt-end cloning reaction.

2.12. Mapping resources

To physically map PCR products, a French somatic cell hybrid panel was employed. It
consists of 27 somatic cell hybrid lines including 19 pig x Chinese hamster somatic cell hybrids
(numbers 1-19) and 8 pig x mouse somatic cell hybrids (numbers 20-27) (Yerle et al., 1996).
DNA from these was kindly provided by Dr Martine Yerle of INRA, France. Further details are
provided Chapter 1.
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Chapter Three

Improving the comparative porcine map relative to human chromosomes
9, 10, 20 and 22

3.1. Introduction

Since Haldane’s review of coat-colour-determining genes in several species (Haldane, 1927),
it has been postulated that genomic organisation is conserved among mammals even though
mammals arose and diverged over the past 70 million years (Andersson et al., 1996). Mammals are
estimated to have 70,000 to 100,000 genes (Bird, 1995) and presumably share most of these genes
with even distantly related vertebrates like birds and even fish. Genome mapping allows
development of comparative gene maps, showing conserved synteny between species, from which
conserved and ultimately ancestral chromosome organisation can be inferred. For example, chicken
chromosome 1 exhibits conserved synteny with human chromosome 1 (HSA 1) (Smith et al., 1997).
The loci on zebrafish (Danio rerio) linkage group 9 imply that this region is homologous to the long
arm of HSA 2 (Postlethwait et al., 1998). On the assumption that relatively large chromosomal
segments are conserved among species of mammals, it is possible to deduce the position of a gene in
one species by knowledge of its position in another (Eppig and Nadeau, 1995; Gillois, 1991).
Because of this, comparative genome mapping has emerged as an important research area
(Andersson et al., 1996; Wakefield and Graves, 1996). The recognition of conservation of genomes
across species has been useful in identifying and mapping new genes, in searching for candidate
genes for disease phenotypes, and in analyzing genome organization and evolution (Eppig, 1996;
Eppig and Nadeau, 1995; Nadeau and Sankoff, 1997; Nicholas and Harper, 1996).

Characterisation of conserved chromosomal segments among mammalian species will enable animal
geneticists to exploit the rapid advances in human and mouse molecular genomics, including the
soon to be completed total sequencing of the human genome (Dunham et al., 1999; Hattori et al.,
2000). For instance, using already identified mouse and human gene(s) as references and a
comparative map, one can predict the location(s) of the nearby gene(s) in animal genomes and vice

versa. For this reason, the highly developed genetic maps of humans and mouse are potentially very
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valuable resources for genome mappers working in other mammalian species. Conversely the results
of QTL studies being performed in domestic and model species can be mined for their biomedical
significance. Thus the effort of producing detailed comparative maps between species is justified.
Numerous publications have examined comparative mapping (between human and mouse: Cole et
al., 1998; Thomas et al., 1999, between human and pig: Bruch et al., 1996; Hu et al., 1997; Lahbib-
Mansais et al., 1996; Lahbib-Mansais et al., 1999; Van Poucke et al., 1999, between human and
cattle: Aleyasin and Barendse, 1999; Gao and Womack, 1997; Lanneluc et al., 1996; Schlapfer et al.,
1998; Yang et al., 1998, between human and cat: Murphy et al., 1999; O'Brien et al., 1997, between
human and sheep: Broad et al., 1996; Lanneluc et al., 1996, between human and horse: Caetano et
al., 1999, between human and chicken: Smith et al., 1997, and between human and dog: Lyons et al.,
1999).

Heterologous chromosomal painting (or Zoo-FISH), i.e. hybridisation of chromosome-specific
DNA libraries from one species onto metaphase spreads of a second species, has broadly established
the relationship between all human (Homo sapiens, HSA) and all pig (Sus scrofa, SSC)
chromosomes. For example, HSA 20 is homologous with SSC 17 and HSA 9 with SSC 1. HSA 22
corresponds to two different porcine chromosome segments, on SSC 5p and SSC 14q, and HSA 10
corresponds to SSC 10 and 14 (Froncke et al., 1996; Goureau et al., 1996; Johansson et al., 1995;
Rettenberger et al., 1995b). The Zoo-FISH technique, using human chromosome-specific painting
probes, has also been applied to other important animal species, such as cattle (Chowdhary et al.,
1996; Hayes, 1995; Solinas-Toldo et al., 1995), muntjac (Yang et al., 1997), horse (Raudsepp et al.,
1996), cat (Rettenberger et al., 1995a), mink (Hameister et al., 1997) and mice (Scherthan et al.,
1994). Chromosome specific-painting probes are also available for animals like mice (Rabbitts et al.,
1995), rat (Hoebee et al., 1994), pig (Schmitz et al., 1992) and cattle (Schmitz et al., 1995). Bi-
directional chromosomal painting can more accurately determine the chromosomal rearrangement
and syntenic relationships between species. The current comparative status between human and
porcine chromosomes, based mainly on the work of Fronicke et al. (1996), is shown in Table 3.1.

At the Human Genome Organisation (HUGO) sponsored Comparative Genome Organisation
Workshop held on Fraser Island, Australia, in 1995 (Andersson et al., 1996), an international
collaborative comparative mapping programme for pigs was established between six groups (Leif
Andersson: Sweden, Alan Archibald: UK, Chris Moran: Australia, Larry Schook: USA, Chris
Tuggle:USA, Martin Yerle: France) to share the mapping of the newly available Comparative
Anchor Tagged Sequence (CATS) markers. Although the original marker CATS was not published
until 1997 (Lyons et al., 1997), Drs Lyons and O’Brien had suggested at this meeting that conserved
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sequences in expressed genes (Type | markers) can be used for making consensus PCR primers for

use in systematically constructing comparative maps for all mammals, and they produced a set of

CATS primers for this purpose. The original intention was to linkage-map the markers, but the

French group subsequently agreed to supply a somatic cell hybrid panel (Yerle et al., 1996) for

physical mapping as well.

Table 3.1 Comparative status of human and porcine chromosomes as identified by gene

mapping (both physical and linkage mapping) and Zoo-FISH (Modified from Froénicke et al.,

1996).
Human Expected homologies on pig Homologous porcine segments
chromosome chromosomes based on gene Observed through Zoo-FISH*
number mapping
1 4,6,9,14 4q1.6-gter(S);602.3-92.8(S);
603.2-qter(S);992.4-92.6;10p(S)
2 3,12,15 3cen-qter(S);15q1.1-q1.4(S);1592.1-qter(S)
3 13 13cen-q4.6(S)
4 8 8(S)
5 2,14,16 2g2.1(middle)-qgter(S);16(S)
6 1,7 1p(S);7pter-g1.3(MS)
7 9,12,18 9cen-q2.3(S);1.8(S)
8 14 4qter-q1.5(S);1491.2-q1.3(M);15q1.5(M)
9 1 1g2.4-qter(S);10cent-g1.1(MS)
10 14 10qg1.2-qgter(S);14g2.3-qter(S)
11 2,9 2pter-pl.1(WM);9pter-pl.1(M)
12 5,14 5pl.4-qter(S);1491.4(MS)
13 11 11
14 7 102.2-92.3(S);7q1.5-g2.2(S);792.4-qter(S)
15 7 1q1.4-91.8(S);791.4(M);792.3-92.4(MS)
16 3 3p(M);6p(S)
17 12,14 12(S)
18 - 191.1-91.3(S);1q1.8(half)-g2.1(S);
692.8-g3.1(MS)
19 2,6 2cent-g2.1(MS);6cent-q2.1(MS)
20 - 17(S)
21 79,13 13qg4.7-qter(S)
22 5,14 5pter-p1.4(S);14q1.6-g2.2(MS)
X X X(S)

The intensity of signal on each of the porcine segments painted is presented in brackets as follows: (S) =
strong; (M) = medium; (W) =weak. In a few cases, intermediate signal intensities (MS =medium strong,
WM =weak medium) were also observed. (?) questions validity of this result because hybridisation was
on the peri-centromeric region.
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The international CATS project was headed by Drs. O’Brien and Lyons and their colleagues at
Frederick, Maryland, USA. They designed and distributed 313 CATS primers and relevant
information with the objective of enabling the mapping of CATS markers in any species for which
the consensus primers yielded the appropriate PCR product (Lyons et al., 1997). The CATS primers
were distributed among the six participating groups according to human chromosome numbers. The
Australian group was allotted 53 pairs of primers, initially 36 from human chromosome 9 and 10
(Zhang et al., 1996) and later 17 primer pairs coming from markers mapping to human chromosome
20 and 22 (Lee et al., 1998).

Recently, these anchor markers have been ordered in the human linkage map to provide a
framework for comparative gene mapping of representative mammalian species (Chen et al., 1999).
Other attempts to make cross-species primers have been reported by Venta et al. (1996) (Universal
Mammalian Sequences-Tagged Sites, UM-STSs) and Jiang et al. (1998) (Traced Orthologous
Amplified Tags, TOASTS).

Dr Weiyi Zhang initially screened 36 primer pairs coming from human chromosomes 9 and 10
in his PhD study, with six loci being physically mapped (Zhang, 1997). In the study reported here, 17
new pairs of CATS primers from human chromosomes 20 and 22 have been tested and the products

of 30 primer pairs, which had not been mapped in Zhang’s study (1997), were re-evaluated.

3.2. General strategy

On the assumption that most functional genes (type | markers) are present in all mammalian
species, the comparison of the gene position and order in one species will identify homologous
regions and possibly conserved synteny in another species. If the gene homologies are correctly
identified, then similar gene order identifies conserved synteny. For example, most of the q arm of
human chromosome 4 is homologous with most of porcine chromosome 8, although the linear order
of the markers is not identical in the two species (Ellegren et al., 1993; Johansson et al., 1995). By
mapping a strategic subset of type | markers in a “map-poor” species like a pig, it becomes possible
to mine the genetic maps from “map-rich” species such as human and mouse. These two species
maps have extensive information on the localisation of coding sequences, especially arising from the
human genome project. Well defined comparative maps can be used not only to predict gene
locations in “map-poor” species, but also identify candidate disease genes, characterize the genetic
basis for complex traits like QTL, predict genome organisation and reveal chromosome evolution
(Eppig and Nadeau, 1995; Nadeau and Sankoff, 1997; O'Brien et al., 1988).
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The 313 CATS primers are mostly based on the consensus of coding sequences from human
and mouse and sometimes other species of mammals. The intention of Lyons et al. (1997) was that
they would flank introns, but this is frequently not the case (Zhang, 1997). In theory, the PCR
products are designed to contain conserved sequences adjacent to the primers for gene identification.
The less-conserved intronic sequences would be a source of polymorphisms. Preliminary analysis of
the CATS primer has been reported on the domestic cat (Lyons et al., 1997) and dog (Lyons et al.,
1999).

The task assigned to this laboratory by the “pig CATS consortium” was to physically and
linkage map 53 CATS loci in the pig genome. The basic strategy used is diagrammatically presented
in Fig 3.1. The specific objectives are, i) to optimise PCR conditions for the primers, ii) to sequence
the PCR products and to verify their identity with the target loci by comparison with the relevant
entries in the GenBank database; iii) to physically map the loci using a porcine somatic cell hybrid

panel and iv) to genetically map the loci using the PiGMaP (Pig Gene Mapping Project) reference

families.
CATS primers
!
PCR condition optimisation
(MgCl, concentration, annealing temperature)
(Changing DNA polymerases)
!
Purifying PCR product from gels
!
Sequencing PCR product
%4 N
Verifying sequence identity by GenBank - Finding RFLP
database search in unrelated Australian pigs
! !
Physical mapping using French somatic cell Check for RFLP in resource families
hybrid panel
!
Linkage mapping
using PiGMaP reference families

Fig 3.1 Strategy used to map CATS loci onto pig chromosomes.
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3.3. Materials

3.3.1.

CATS primers

The CATS primers were chosen from loci spaced at 5 to 10 centiMorgan intervals throughout

the mouse and human genomes (O'Brien et al., 1993).

Of 53 CATSs loci allotted to the University of Sydney group, 47 CATS primer pairs, from

human chromosome 9, 10, 20 and 22, were used in this study for comparative mapping between

human and pigs, excluding 6 loci previously mapped by Zhang (1997). The CATS primer sequences,

human location, and species from which the primer consensus sequence was derived are listed in

Table 3.2.

Table 3.2 A list of 53 CATS loci, their human location, primer sequences and aligned species

(Lyons et al., 1997).

Locus Human Primer sequences(5’ - 3’) Species
Location (Forward and Reverse) contributing to
consensus®
Forward/Reverse

ABL1 (abelson murine 9934.1 CTGAATGAAGATGGTGGGC HM/HM

lukemia viral oncogene) TAAGACCCGGAGCTTTTCAC

ALDHL1 (aldehyde 9921 CGAGGTCTTCTGCAACCAG HMR/HMR

dehydrogenase-1) TGTCCAAATCCACCAGGTAG

ALDOB (aldolase B) 9g21.3-q22.2 | AACACTGAAGAGAACCGCC HKS/HKS
GCCACTTCCCAAAGTCAAC

AMBP (alpha-1- 9932-34 AGTGTCTGCAGACCTGCCG 3HJP/3HJIP

microglobulin/bikunin)* AGTAGAACTTGTTGCCGTTGCC

ANX1 (Annexin I) 9g11-22 CATCACCTCAGACACATCTGG CHKNR/
CACATCTGTCCCCTTTCTCC CHKNR

ASS (argininosuccinate 9g34.1 TCATAGCCTACCTGGCCAAC CHKM/CHKM

synthetase) GCCGTGAGACACATACTTGG

C5 (complement 9932-34 ATGGGAAATTCAAGGCATTG HM/HM

Component 5) GGAAGCATTGTGAATGTCACC

CNTFR (ciliary neuro- 9p13 CCAAGGACAATGAGATTGGG HR/HR

trophic factor receptor) AGATCTTCGTGGTAGGTGGG

DBH (dopamine beta- 9934 CCCCAGCAGGACTACCAG HR/HR

hydroxylase) AACGGCTCCTCCAGGATC

GALT (galactose-1- 9p13 TCTAGCCACTGCACTCCATC 2HM/HM

phosphate CCCATGGAGTAGGGAAAGG

uridyltransferase)

GGTB2 (glycoprotein 9p13 CACCCTCGTCTATTACCTGG CHM/CHM

4-beta-galactosyl- TGAGCAGCGGGGACT

transferase-2)

GRP78 (glucose related | 9933-34.1 CAACGATCAGGGCAACC CHJIKM/

protein 78 kd)* TCATTTTAGTGAGAACCATGGC CHIKM
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GSN (gelsolin) 9932-q34 CACCCCGAATTCCTAAAGG HM/HM
CCAGCCATTAGTGGAGGTC

HXB (hexabrachion) 9932-q34 ACTGGCCTTGCTCCTGG HMP/HMP
TCAGGTTCCCGATGGAGTAC

IFN1@ (interferon 9p22 TTCTCCTGCCTGAAGGACAG HQ/HQ

Alpha) (gene family) GGATCTCATGATTTCTGCTCTGAC

IFNB1 (interferon 9p22 AGAACTGAAAGTGGGAAATTCCTC CHMQ/CHQ

Beta-1)* GTCTCATTCCAGCCAGTGCTAG

RLN1 (relaxin) 9pter-q12 CTCCTGGGGAAGAACTGCTC HP/HP
TTCAGCTCCTGTGGCAAATTAG

SPTAN1(spectrin 9933-34 TGCACAGAGTTAAACCAGGC HKM/KM

nonerythroid alpha GCTGCTGTCCAAACTGCTC

subunit)*

TXN (thioredoxin)* 9931 TGTGAAGTCAAATGCATGCC HMS/HS
ATGGTGGCTTCAAGTTTTTCC

ADRA2A(alpha-2A- 10923-925 GCACCTGTGCGCCATC CHIKMPO/

adrenergic receptor) CTTCTCGATGGAGATGAGCG CHIJKMPO

ADRBL1 (beta-1- 10924-26 CCTCTTCATCATGTCCCTGG 2HM/2HM

adrenergic receptor) TGACACACAGGGTCTCGATG

ALOX5(arachidonate 10911.2 GGGGACTACATCGAGTTCCC HM/HM

5-lipoxygenase) GGGTTCCACTCCATCCATC

APT1 (apoptosis 10923 TCTGGACCCTCCTACCTCTG HM/HM

Antigen 1) TTGTCTGTGTACTCCTTCCCTTC

BMI1 (oncogene BMI1) | 10p13 CAGCTGATGCTGCCAATG HM/HM
CATCACAGTCATTGCTGCTG

CHAT (choline 10g11.2 CCATTGTGCAGCAGTTTGG HP/HP

acetyltransferase) TGGAGTTGACAGGCAGGG

CREM (cyclic-AMP- 10p11.2 AGACTAGCACGGGGCAATAC HMR/HMR

response- Element CAAAGCAGTAGTAGGAGCTCGG

modulator)

CYP2E (cytochrome p- 10qg24.3-qgter GAAGTATCTGAGGCTGATGAGTTTG | HNR/HNR

450, family 11, subfamily TCCAGTGACTGATGGTGCTC

E)

DNTT (terminal 10923-g24 TGGAGAAGAAAATGGGAACC CH/CH

deoxynucleotidyl CGATCAGCCAGGAGACATC

Transferase)

EGR?2 (early growth 10¢21.1-g22.1 | CCCAAAAGACCAAGCAAGAC HR/HR

response-2)* GCAGATCCGACACTGGAAG

HK1 (hexokinase-1) 10qg22 CGGGTCTTCCTTTCGAATTC CHR/CHR
ATGTTGGCATCATAGTCCCC

IL2R (interleukin-2 10p14-p15 CACGCCACATTCAAAGCC HFM/HF

receptor) GATGAGTGGCTTGAGTTTCCTG

OAT (ornithine 10926 TGAGAAAGGAGCTCATGAAGC HMR/HMR

aminotransferase) GGCCAGAAGCCCATTATCTC

PLAU (plasminogen 10g24 CCAACAAGTACTTCTCCAACATTC 2CHP/2CHMP

activator urinary) AGTTCCAGGCCAGGCAG

PP (pyrophosphatase 10911.1-g24 ACAAGGCGTTCACCAAGG CHNR/CHNPR

inorganic) AACGAACCTCTTGCACATTTG

PRF1 (perforin 1) 10922 AGACCCACCAGGACCAGTAC HM/HM
GCTTCTTCTTCTTCTCCTCACAG

VIM (vimentin) 10p13 ATTGAGATTGCCACCTACAGG CHIMR/CHIMR

TGAGTGGGTGTCAACCAGAG
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PRNP (Prion Protein) 20pter-p12 TGGTGGCTGGGACAG 24CGJLMPRS /
GGCACTTCCCAGCATGTAG 24CGJLMPRS

OXT (Oxitocin, prepro- | 20p13 CGCCTGCTACATCCAGAAC CHMRS/

(neurophysin —I)) CGACGGCAGGTAGTTCTCC 2HMPRS

SRC (V-Src avian 20911.2 CCTTCCTCCTCGTTCGTGAGAG FH/FH

sarcoma viral oncogene TGATGTAATAGCCACCCGTG

homolog)

TOP1 (Topoisomerase 20911.2-13.1 | CTGATGCCAAGGTCATGAAG HM /HM

(DNA) 1) GTCCAGATAATTGAGTTTGGAGG

ADA (Adenosine 20912-g13.11 | CCTGGTCCAGCTACCTCAC HM /HM

deaminase) GCGGGTCATCTGTGTTGAG

CD40 (CD40 antigen) 20912-q13.2 CTTATCACCCAGATGATTGGG CH/CH
AGTTCAGTAAGGATAAGGACCCC

GNASL1 (Guanine 20913.2-913.3 | GGAGGACAACCAGACCAAC CH/CH

nucleotide binding CTTCGATTTTCCAGCAAGG

protein, o stimulating

activity polypeptide 1)

ADRAL1A (Adrenergic, 20 CAACTATTTCATCGTGAACCTGG HR / HMR

a-1A) TACACGCGGCAGTACATGAC

ADRBK2 (Adrenergic, 22g11 ACCTTGGGTCTCATTATGGG HMR /HR

beta, recepter kinase 2) CTCACCTTCATAGCTTTCAAACC

GNAZ (Guanine 22911.2 CGCTCACGGGACATGAC HR/HR

nucleotide binding ACAGAAGATGATGGCTGTTACG

protein (G protein),

alpha-z-polypeptide)

IGL@ (Immunoglobulin | 22g11.2 CCCGCCCTCCTCTGAGG 2HNQ / 2HNQ

lambda gene cluster) GCCGCGTACTTGTTGTTGCT

ACO2 (Aconitase 2, 22011.2-913.1 | CAGTGGCCAAGCAGGC HMP / HMPR

mitochondrial) GCCAGGGCTGTGACAATC

LIF (Leukemia 22q12 CCCATTTGAGCATGAACCTC CHM/CH

inhibitory factor) CCCAGCATCTCTAGGCAGTG

NEFH (Neurofilament) | 22912.1-q13.1 | AGCTGCTCGGACAGATCC HM/HR
CCTTGTCTTCTGTGGCCTTC

PDGFB (V-sis platelet- | 22912.3-g13.1 | TTCAAGAAGGCCACAGTGAC HFMR / HM

derived growth factor GTCTCCTTCAGTGCCTTCTTG

beta polypeptide (Simian

sarcoma viral oncogene

homolog) )

CYP2D@ (Cytochrome | 2213 ATGGTGACCACCTCGACC 2CHM / 2CHM

P 450) CAGCACCGATGACAGGTTG

ARSA (Arylsulfatase A) | 22q13.3-gter AGGCTACCTCACAGGAATGG HM / HM
AAGCAGGTCAGGTTCTGGC

ISpecies or order codes for both alignment and comparative data are: A = chicken, B = bat, C = cow, D = dog,
E = echidna, F = cat, G = goat, H = human, | = shrew, J = Chinese hamster cell line (E36), K = cavia, L=, M
= mouse cell line, (RAG), N = rabbit, O = opossum, P = pig, Q = horse, R =rat, S = sheep, T = deer, U = seal,
V = vole, W = wallaby, X = xiphosphorus, Y = giant panda, Z = humpback whale, 1 = leopard cat, 2 = non-
human primate, 3 = non-Mus and non-Cricetus rodent, and 4 = other species, including; bulbarus, cavia,
callitrix, cervid, desmodus, didelphis, macropus, mustela, odocoileus, tragelaphus, trichosurus, tupaia, vulpes,
and Xenopus. Exceptions: J = cricetulus and M = mouse for aligned species column.

*6 CATS loci already mapped by Zhang (1997).
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3.3.2. Pig genomic DNA

Porcine genomic DNA from unrelated Australian pigs (Table 3.3) was available for a
preliminary PCR test and for sequencing of PCR products. The PiGMaP reference pedigree (see
Section 1.3.3.1 for more formation and see Appendix 3.1 for the pedigree) was available for linkage

mapping and for evaluating RFLPs.

Table 3.3 Porcine DNA samples from 23 unrelated Australian animals representing nine

European breeds (kindly provided by Dr P. Le Tissier).

I. D. number Pig breed
01 Berkshire (BS)
02 Berkshire (BS)
03 Large White (LW)
04 Large Black (LB)
05 Tamworth (TW)
06 Landrace (LD)
07 Wessex Saddleback (WS)
08 Wessex Saddleback (WS)
09 Wessex Saddleback (WS)
10 Duroc (DC)
11 Duroc (DC)
12 Duroc (DC)
13 Hampshire (HS)
14 Hampshire (HS)
15 Hampshire (HS)
16 Berkshire (BS)
17 Large White (LW)
18 Large White (LW)
19 Landrace (LD)
20 Landrace (LD)
21 Landrace (LD)
22 Large Black (LB)
23 Welsh (WL)

3.3.3. Somatic cell hybrid panel

The description and method of analysis of the somatic cell hybrid panel is described in Section
1.3.2.2and 3.4.8.
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3.4. Methods

3.4.1. Preliminary PCR testing of CATS primers on porcine genomic DNA

Approximately 100 ng porcine genomic DNA was used as template for amplification using
conventional Taq DNA Polymerase in a 25 pl PCR reaction volume, containing 1 to 3 mM MgCl,
(depending on the primers), 100 uM dNTPs (dATP, dGTP, dCTP, and dTTP), 10 x Taq DNA
Polymerase buffer and 10 pmol of a pair of CATS primers. This solution was overlaid with paraffin
oil and the PCR was carried out initially with two thermocycling programs, namely “touchdown”
PCR (more details see Section 2.7.3) and conventional PCR (more details see Section 2.7.2). In spite
of optimization of PCR conditions, multi-banded products or smears were sometimes amplified. For
these recalcitrant primers, AmpliTaq Gold DNA Polymerase (Perkin-Elmer, 5 units/pl) was tried.
This modified Taq Polymerase is provided in an inactive state and can be activated in a pre-PCR heat
step and/or slowly during thermal cycling (Slow-release PCR).

The annealing temperature and number of PCR reaction cycles was varied depending on
primers and template DNA concentrations. PCR products were electrophoresed in 2% agarose gel
(Progen) to determine whether single-banded products were being amplified. The PCR product sizes
in base pairs were estimated comparing with @ X 174 RF DNA/Hae Il size-standard ladder

(Promega).

3.4.2. Purifying PCR product from agarose gel slices

Specific PCR product of similar size to that found in cats (Lyons et al., 1997) was cut from a
2% low melting point agarose gel (Progen). The gel slice was put into a 1.5 ml Eppendorf tube and
100 pl of TE (Tris-EDTA, pH = 8.0) was added. This mixture was placed onto a Heat Block (80-85
°C) until it became liquid. 400 pl of phenol (approximately equal to the gel slice volume) was added
to this solution and mixed thoroughly. The mixture was put into the heat block again to liquify and
was then centrifuged for 10 minutes in a microcentrifuge. The supernatant was collected without
disturbing the intermediate (agarose) and lower (phenol) layers. 500 pl of chloroform was added to
the supernatant in a new tube and spun for 5 minutes. The aqueous phase was collected again into a
new Eppendorf tube. 40 pl (one-tenth of the total volume) 3 M sodium acetate and 700 pl (equal
volume) of isopropanol were added and the tube placed at -80 °C for 15 minutes. The solution was

spun for 10 minutes to precipitate the DNA. The supernatant was poured off and 500 pl of 70 %
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ethanol added to rinse away residual sodium acetate. The ethanol was then poured off and the DNA
pellet was briefly dried on a heat block (42 °C) for 5 minutes. 10 to 15 pl of TE was added to the
Eppendorf tube to dissolve the DNA.

3.4.3. Direct Sequencing of PCR products using ABI 373 automatic DNA
sequencer
When a single-banded PCR product of the correct size was amplified, 100 ng of PCR product
was used directly as template for sequencing using an ABI 373 automatic sequencer (Perkin Elmer)
(Section 2.10.1). 3.2 pmol of forward or reverse primer was used to enable sequencing from one
strand of template DNA.

3.4.4. Cloning and sequencing OXT PCR products from Landrace and
Large White breeds

To investigate the difference in sequence of the OXT gene between two breeds, the OXT PCR

products of Landrace and Large White pig breeds were cloned into pCR” 2.1 — TOPO vector

(Invitrogen, TOPO™ TA Cloning Kit) (see Section 2.1 and Appendix 2.1 for more details) in order
to look for Single Nucleotide polymorphisms (SNPs).

3.4.5. Verification of the sequences

The sequences obtained were screened against the GenBank database using the FASTA
program (Pearson and Lipman, 1988) via the ANGIS (Australian National Genomic Information
Service; http://www.angis.usyd.edu.au) interface, to investigate homology between PCR product

sequences and the target sequences.

3.4.6. Searching for restriction enzyme sites for distinguishing porcine
and rodent PCR products from the somatic cell hybrid panel
Because a somatic cell hybrid panel was used as a physical mapping tool, a major problem

arose from the fact that the CATS primers were very likely to amplify PCR product from the rodent

(mouse or hamster) background present in all clones in the somatic hybrid panel. Since mouse
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sequence (Lyons et al., 1997) was very frequently included in the consensus, the problem was
severe. When all somatic cell hybrid clones generated identical PCR products, restriction enzymes,
especially four-base cutters, viz. Alul, Hhal, Haelll, Mspl, Rsal, Sau3Al and Taql, were used to
attempt to distinguish porcine and rodent PCR products. If there were no differences detected by the
above restriction enzymes, mouse sequences were obtained from Genbank and in some cases
hamster sequences were generated using an ABI 373 automatic sequencer and then confirmed by
FASTA comparison. Restriction enzyme maps were generated for pig, mouse and hamster, using the

GCG MAP program, to identify an enzyme able to distinguish the products from these species.

3.4.7. Screening for porcine RFLPs

PCR products, verified by comparison with GenBank, were tested for porcine RFLPs using
four-base recognition sequence restriction enzymes (Alul, Hhal, Haelll, Mspl, Rsal, Sau3Al and
Taql) on products from 23 unrelated Australian pigs (see Table 3.3 for the list of pig breeds). The
protocol used for restriction enzyme digestion has been described in Section 2.8. The restriction
enzyme digestion reaction was stopped by adding 5 pl of 10 x agarose gel loading buffer and the
digested PCR products were loaded onto a 2 % agarose gel containing 0.5 pg/ml ethidium bromide.
Electrophoresis was run at approximately 100 V (10 V/cm) so that optimal separation of the
fragments of interest occurred within an hour. Finally, the gel was viewed and photographed on an

ultra-violet light transilluminator.

3.4.8. Physical mapping - somatic cell hybrids
DNA from the hybrid clones was analyzed by PCR for all CATS primer pairs confirmed by

sequencing to amplify the correct porcine genes. Each primer pair was used with its optimal MgCl,
concentration and annealing temperature to allow the visualization of the porcine-specific product on
an agarose gel. Diagnostic PCRs were carried out in 25 pl reaction volume of 1 x PCR buffer
(Promega), consisting of 20 ng DNA from 27 hybrid lines, pig and rodent parental lines (mouse
LMTK and Chinese hamster Wg3hcl2), 10 pmol of each primer, 100 uM of each dNTPs, 0.5 to 3
mM MgCl, and 1 U Taq DNA polymerase. Reactions were performed in a PTC-100 Programmable
Thermal Controller (MJ Research, Inc.) using the PCR programme described previously except the

number of cycles was increased to 45 cycles (see Table 2.1 for more details).
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Chromosomal and regional assignments were achieved through observing the concordant
segregation of porcine PCR products with chromosome fragments retained in the hybrid cells. The
pattern of amplification of porcine PCR products depends on the presence/absence of the relevant
porcine chromosomal regions in each of the 27 somatic hybrid clones developed by Yerle et al.
(1996).

A World Wide Web (WWW) site at the INRA laboratory, Toulouse, France, was accessed to
obtain all relevant somatic cell hybrid panel information and to interpret the PCR data. The address
is http://bio.toulouse.inra.fr/lgc/pig/hybrid.htm. This site enables entry of the results from the
somatic cell hybrid panel and provides an immediate assignment to a chromosomal region using a
programme to interpret the new PCR data in relation to all previously lodged data, and also provides
statistical output on the reliability of the assignment (Chevalet et al., 1997). Loci can be assigned to
127 different non-overlapping subchromosomal regions. The programme also calculates correlation
coefficients, which are measures of association (co-segregation) between markers, and which have
values of 1 or close to 1 when two loci are syntenic. However, provided the correlation coefficient is
greater than 0.8, a locus can be reasonably assigned to a specific chromosomal region (Chevalet et
al., 1997; Robic et al., 1996; Yerle et al., 1996).

3.5. Results

3.5.1. Optimum conditions for PCR

Factors affecting PCR yield are mainly annealing temperature and MgCl, concentration.
Because some CATS primers may not perfectly match the pig template, adjustment of these factors
may improve PCR results. For the CATS loci located on human chromosome 9 and 10, PCR
conditions were initially evaluated by Zhang (1997). Of the 47 primer pairs tested, 21 gave single-
banded PCR products using conventional Tag DNA polymerase with minor adjustment of reaction
conditions. With use of AmpliTag Gold Polymerase, 14 more primer pairs produced better results
with a single or clear dominant band. 12 primer pairs continued to give double, triple or multiple

bands even with variation of PCR conditions (Table 3.4).
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Table 3.4 Optimum PCR conditions and porcine PCR product size for CATS markers

mapping to human chromosome 9, 10, 20, and 22. The feline PCR product sizes (Lyons et al.,

1997) are also presented for comparison.

Locus symbol® PCR product size MgCl, Annealing PCR product size
(bp)* (mM) temperature (°C)° in cat (bp)
ABL1 1,200*# 2 50 1,100
ALDH1 900* 2 59 1,000
ALDOB 300 2 54 300
AMBP$ 450 2 58 450
ANX1 150 2 53 600
ASS 700, 400 3 50 1,300
C5 200*# 3 50 1,000
CNTFR 270, 600 2 50, 57 600
DBH 210, 500 2 55, T 500
GALT 500 2 57 475
GGTB2 320 2 55 1,100
GRP78% 800 2 52 400
GSN 150 2 52 194
HXB 150 2 56 600
IFN1@ 400 2 54 400
IFNB1$ 450 2 58 450
RLN1 300 2 56 500
SPTAN1$ 180 2 54 700
TXN$ 800* 2 55 600
ADRA2A 170 1 53 200
ADRB1 200 1.5 54 190
ALOX5 1,500# 2 52 500
APT1 270 2 56 400
BMI1 750 1 64 200
CHAT Multiple bands 2 55 861
CREM 320 1 51 1,000
CYP2E Multiple bands 2 58 900
DNTT Multiple bands 2 53 900
EGR2$ 150 1 51 800
HK1 150, 1,200# 2 50 800
IL2RA 180 2 55 100
OAT 1,500* 2 58 2,000
PLAU 600* 2 52 500
PP Multiple bands 2 50 600
PRF1 120 2 53 1,000
VIM 200# 2 55 750
PRNP 250* 2 51 250
OXT 600 1 58 900
SRC 120 1.5 60 300
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TOP1 400* 2 54 500
ADA 120 1 60 1,000
CD40 130*# 2 52 2,000
GNAS1 320* 2 55 500
ADRA1A 450 2 65 453
ADRBK?2 Multiple bands 1.5 51 1,000
GNAZ 150* 2 50 150
IGL@ 190* 2 60 220
ACO2 280, 600 2 55, T 1,200
LIF 100, 250, 450 1,1,2 51,60, T 900
NEFH 400, 600* 2,15 60, 54 375
PDGFB 200%*, 280 15,2 54,51 603
CYP2D@ 500, 450 2 53, T 700
ARSA 230* 2 60 600

I$: Mapped by Zhang (1997)

2 *PCR products amplified by AmpliTag Gold DNA Polymerase (Perkin-Elmer); # PCR fragments
with very weak bands.

*T: “Touchdown’ PCR

3.5.2. Sequences of PCR products

For the primers giving strong major bands, one of the primers was used to directly sequence
the PCR product (more details see Section 2.10.1). For the loci from human chromosome 9 and 10, if
the amplified PCR product size was approximately the same as obtained by Zhang (1997), a
sequencing reaction was not carried out because this would have simply duplicated Zhang’s results.
The PCR products from the rest CATS primers were sequenced partially or fully except for five
primer pairs (CHAT, CYP2E, DNTT, PP, ADRBK2) which gave multiple bands.

3.5.3. Comparison of the sequences with the GenBank database

The putative homologues of the submitted sequences were identified using FASTA searches
of the GenBank database. 23 CATS products, including 13 analysed by Zhang (1997), were
confirmed to match the target loci because they aligned with relevant genes of human or other
mammals (Table 3.5 and Appendix 3.1). Zhang (1997) also generated a product for BMI1, but this
did not match with anything in the GenBank database. In the second trial, a longer and more accurate
BMI1 CATS sequence was obtained, confirming that the appropriate product had been amplified.
However 25 products still did not match the CATS target loci.
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Table 3.5 Alignment of sequences from 23 CATS PCR products with genes in the database.

Gene symbol Matching Gene in Species in the Expectation for the best
GenBank database database correct match®

ADRA2A PIGA2AR Pig 1.1xe”
ADRB1* MMB1AR Monkey 2xe”
ALDOB* HUMALDB1 Human 1.8
AMBP* SSAMGBIK Pig 2xe®
APT1* MUSFASANT Mouse 45
BMI1 HUMBMI1X Human 45xe™
EGR2* HUMEGR2A Human 1.8xe™
GRP78* SSGRP78 Pig 8.1xe”’
GSN* SSGELSOL Pig 1.3xe™
IFN1@* SSPOIII5 Pig 4.2 xe™
IFNB1* PIGINFB Pig 0
OAT* HUMOAT10 Human 94xe”
PLAU* SSUPAG Pig 3.3xe”
SPTAN1* HUMASPX Human 0.0029
TXN* HSTHDC Human 8xe®
OXT HUMOTNP1 Human 2.1xe™
TOP1 HUMTOP18 Human 11xe?
CD40 HUMCD40L1 Human 34xe®
GNAS1 HUMGNAS6 Human 5.4 xe™
ADRA1A HUMA1AADR Human 0
GNAZ HUMGNAZ Human 6.4xe”’
IGL@ PIGIGLVIC Pig 15xe?
ARSA HSARYLA Human 35xe’

*Data were generated by Zhang (1997).
'Statistical expectation for the sequence. The number of sequences with this identity expected in a

database of this size by chance alone. An value less than 0.05 is considered statistically significant.

There are several possible explanations for the unmatched CATS sequences. Firstly, these
sequences may be predominantly from nonconserved introns and lack sufficient length of conserved
exonic sequence to allow alignment with GenBank sequences. For example, the 160 bp ARSA CATS
sequence did not match significantly with any sequence in the GenBank database search. However,
40 bp at the beginning of the sequence were well matched with ARSA human sequences. Because
most of the ARSA CATS sequence was from an unconserved intron, the FASTA alignment could not
match it with homologous sequences from other species. Secondly, since the CATS primers were
designed predominantly from human and mouse sequences, it is possible that the primers have
amplified artefactual products in the pig genome. Thus, it is not clear whether the sequences from

these 25 CATS PCR products are primarily intronic or artefactual. Thirdly, it is possible to have
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errors in primer design or recording. Zhang (1997) found that the primer pair for RLN1 flanks a
fragment of about 5.6 kb in the human genome, which is impossible to amplify reliably from a
genomic template under standard PCR conditions. Also, he found that the reverse primer of ANX1
was not found in any relevant gene sequences when used in FASTA to query the GenBank database.
Therefore it is not surprising that the PCR product amplified by the ANX1 primer pairs could be an
artefact. Finally, direct sequencing of the CATS PCR products, which were sometimes of poor
quality, generated many unreadable nucleotides, (N),. In these cases, finding a match to the target
locus in the GenBank data base was made more difficult.

3.5.4. Screening for PCR-RFLP in CATS products

Products from the following six loci were tested for RFLP: ADRALA, BMI1, GNAS1, GNAZ,
OXT and TOP1. After cutting with four-base pair recognition restriction enzymes, including Alul,
Hhal, Haelll, Mspl, Rsal, Sau3Al and Tagl, an RFLP was obtained for only one of the five loci,
namely OXT (Fig 3.2 and Fig 3.3).

Fig 3.2 The OXT Mspl RFLP genotypes seen in unrelated Australian pigs, S: size standards,
@X174/Haelll DNA ladder (Promega). Lane 1 and 7: Large White, lane 2 and 8: Landrace,
lane 3: Wessex Saddleback, Lane 4: Duroc, Lane 5: Hampshire, Lane 6: Berkshire, Lane 9:
Welsh. Lanes 1, 3, 5 and 7 are AA genotype and lanes 2, 4, 6, 8 and 9 are aa genotype.
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Fig 3.3 The OXT Mspl RFLP genotypes seen in the PiGMaP reference families, showing three
apparent genotypes (see lane headings). S: size standards, @X174/Haelll DNA ladder

(Promega).

3.5.4.1. An Mspl RFLP for OXT

A Mspl restriction site (C1 CGG) polymorphism was found for the OXT PCR product. When
the PCR product was digested using Mspl, two different genotypes (AA and aa) were observed from
several unrelated Australian pig samples, and all three genotypes (AA, Aa and aa) were observed in
the PiGMaP reference families. This Mspl RFLP was genotyped in the PiGMaP pedigree. Among
the six PiGMaP families, the Edinburgh-1, German and Swedish families were informative, but no
variation was found in the Edinburgh-2, French and Dutch families (see Appendix 3.2 for detailed
information). Interestingly, a null allele also was detected in the sample of unrelated Australian pigs
and apparently in the PiGMaP reference families. OXT genotypes did not follow simple Mendelian
codominant inheritance patterns, apparently also because of the presence of a null allele, and thus the

locus could not be linkage mapped.

3.5.4.2. Sequence comparison between Large White and Landrace breeds for OXT
Different Mspl variants were found in the Large White and Landrace samples from our
collection of DNAs from unrelated Australian pig. Sequencing showed that the polymorphic Mspl
restriction site is located in an intron. The exon sequences for the Large White and Landrace animals
were identical but there were numerous other intronic variants in addition to the Mspl site (Fig 3.4).
These results for porcine OXT confirm the validity of Lyons et al. (1997) general approach since the
conserved exons enabled amplification and the variable introns have provided polymorphism.
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LD 1 CGOCTGCTACATCCAGAACTGOCCCCTGBGOGECAAGAGGRCCGTGCTGG 50

LOLLLEEE L L il
LW 1 OGCCTGCTACATCCAGAACTGCCCCCTGGGCGECAAGAGGEOCGTGCTGG 50

LD 51 ACCTCGACGTGOGCAAGGT GAGOGOCCAGCCCT OGTCOOGOGRGRATCORG 100

R AR RN R R A A A
LW 51 ACCTCGACGTGCGCAAGGTGAGOGCCCAGOCCTCGT CCCGOGGCGATCGG 100

LD 101 GGCTGEGGGACCTGOGEOCATAGGGECOGT CTCCACCTGTCOCTTCOO0GE 150

RN N A R
LW 101 GGCTGGEGEGACCT GOGGECCATAGGEGECCGOCT CCACCTGTCOCTTCCCOGC 150

LD 151 GCTGACCCOGCTCCATCCTCTCCTGGCCTGGAAACGCCGAGGAATCAAGTA 200

COEECEEE e P e e et L
LW 151 GCTGACCCCGCTCCAGCCTCTCCTGGOCT GGAAAGCTGGGGAATCAAGTA 200

LD 201 TATTTGACTGOCCTCCTTCGACCAATTTTGGGEOCCAAACAGCACCAGAG 250

AR AR A R
LW 201 TATTTGACTGOCCTCCT TOGACCAATCTTGGGGOCCAAACAGCACCAGAG 250

LD 251 ACCOGATCOCCAGOGCTCOCCT GOOCCACCCTCTCOOGOCCGRATAGOCC 300

RN R S A R A e R
LW 251 ACCOGATCCCCAGOGATCOCATACTCCACCCTATTCOGCCOGGTCAACCC 300

LD 301 TCGOCCOGCAGGTCTCOOGOOCCAGCCOGGT COOGT COCAGACCCAGECT 350

RN AR R R R
LW 301 TCGOCTAGCAGGT TTCCCGCCCCAGOCCGGT COCATCOCAGACCCAGGAT 350

LD 351 CACCCATGOCATTCOGOCAGTGCATCOCAT GOGEO0C0GEEEECAAAGES 400

AR R R R R A AR R RN
LW 351 CACCCGTGCCATTCOGCCAGTGCATCCCAT GCGECCOOGEEEECAAAGEE 400

LD 401 OGCTGCTTCGGGOCCAGCATCTGCT GOGGGGATGAGCTGGACTGTTTCGT 450

LU iyl
LW 401 OGCTGCTTCOGGEGOCCAGCATCTGCTGOGGEGATGAGCTGRECTGITTCGT 450

LD 451 GGEGCACAGCOGAGGOGCT GOGCT GCCAGGAGGAGAACTACCTGCOGTCG 499

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
LW 451 GGGCACAGCOGAGGOGCT GCGCT GCCAGGA CCTGCOGTCG 499

Fig 3.4 Alignment of OXT sequences from CATS PCR products from Landrace and Large
White pigs. Exon sequences are shaded (...). The Mspl variant restriction site is boxed @).

3.5.5. Restriction enzyme digestion of mouse, hamster, and pig template
for analysis of the somatic cell hybrid panel

For seven loci, namely ADRA1A, ADRA2A, ADRB1, GNAS1, GNAZ, GSN and IGL@, an

attempt was made to discriminate between porcine, mouse and hamster PCR products using

restriction enzymes. The choice of restriction enzyme was guided by alignment of pig and rodent

sequences. The restriction enzymes evaluated are summarised in Table 3.6. An example, for
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ADRA2A, where the porcine product can be distinguished from the rodent PCR products, is shown in
Fig 3.5.

Table 3.6 Restriction enzymes used to attempt to distinguish the porcine, mouse and hamster
PCR products amplified by CATS primers.

Locus Restriction enzymes evaluated Enzymes providing discrimination
ADRA1A Rsal, Alul, Sacll, Apal, Ncol Rsal
ADRA2A Alul, Taqgl Alul, Taql
ADRB1 Mbol, Rsal Rsal
GNAS1 Cfol Cfol
GNAZ Cfol, Taql, Sacl, Banll Taql, Sacl, Banll
GSN Haelll, Hinfl, Taql, Banl Haelll
IGL@ Sau3Al, Rsal, Kpnl, Taqgl, Banl, BstOl, Ncol Banl, BstOl

Fig 3.5 Interspecific Taql restriction variants for the ADRA2A products. H: Chinese hamster,
M: Mouse, P: Pig, S: size standards (@X174/Haelll DNA ladder, Promega).

3.5.6. Somatic cell genetics of ADRA1A, ADRA2A, ARSA, GNAS1, OXT,
TOP1

The distributions of positive PCR results from the 27 somatic hybrid clones for ADRA1A,
ADRA2A, ARSA, GNAS1, OXT and TOP1 are presented in Table 3.7 and the definition of cytogenetic
regions detected are presented in full in Appendix 3.3. A summary of the mapping results, including
chromosomal and regional probabilities, is presented in Table 3.8. For illustration, the CATS

amplification products for ARSA from the somatic hybrid panel are shown in Fig 3.6(a) and their
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interpretation in Fig 3.6(b). PCR screening of the somatic cell hybrid panel assigned GNAS1 and
TOPL1 to porcine chromosome 17, ARSA to porcine chromosome 5, ADRA2A to porcine chromosome
6 or 14, ADRAL1A to porcine chromosome 16, and OXT to porcine chromosome 14.

Unfortunately, 11 CATS products, namely ADRB1, ALDOB, APT1, BMI1, CD40, GSN,
GNAZ, IFNB1@, IGL@, OAT and PLAU could not be mapped using the somatic cell hybrid panel,
mainly due to strong background amplification from every clone in the somatic cell hybrid panel.
Even though restriction enzymes were found that could distinguish porcine from rodent PCR
products from control DNAs for these species, the restriction digestion test could not be reliably

applied to products amplified from the hybrid panel.

Table 3.7 The distribution of PCR results in somatic cell hybrid panel

Locus Somatic cell hybrid clones’

1 2 3 456 7 89 1 11 11111112 222 22 22

01 2 3 45 6 7 89 01 3 4 5 6 7

ADRA].A -+ -+ -+ + -+ o+ o+ o+ - - -+ - -+ - - - - - - -
ADRA2A S A
ARSA B S e e e T I e e R T
GNAS1 Tttt s s s e e s
OXT Tttt s s s s s e e *
TOP1 ot Tttt s s s s s s s s s s

'+ and - indicate the positive and negative PCR products

Table 3.8 Cytogenetic localisation, correlation coefficients and probability values of ADRA1A,
ADRAZ2A, ARSA, GNAS1, OXT and TOP1 CATS products on the somatic cell hybrid panel.

Locus Human Porcine Error Chromosomal  Regional Comment*
symbol location Location risk"  probability’  probability®
ADRAILA 20 16q1.4/ 01% 1 0.47/0.47 Rsal (all clones)
16G2.2-2.3
ADRA2A  10q23-925 6(1/2q2.1)/ 5%  0.52/0.48 0.42/0.42 Tagq| (all clones)
14¢2.5-2.9
ARSA 22q13.31-qter  5p1.1-pl.5 01% 1 1.00
GNAS1 20913.2-913.3 17(1/292.1)-23 05% 0.98 0.88 Cfol (mouse
background
clones only)
OXT 20p13 14g2.5-2.9 5% 0.79 0.69
TOP1 20911.2-13.1 17(1/2g2.1)-2.3 05% 0.98 0.88

The probability that the proposed chromosome and region are incorrect. “The posterior probability
that the locus is located on the nominated chromosome. *The posterior probability that the locus is
located in the nominated region. “Restriction digestion required distinguishing porcine product from

hamster or mouse background PCR product.
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13 E

Fig 3.6 Example of physical mapping of a CATS product to SSC 5 using the somatic cell hybrid
panel. (a) PCR amplification of ARSA product using CATS primers on the 27-clone somatic
cell hybrid panel. In this case, a rodent background product did not amplify. H: Chinese
hamster, M: Mouse, P: Pig, S: size standards (@X174/Haelll DNA ladder, Promega) (b)
Proportion of pig chromosome 5 retained in each of the 27 somatic hybrid clones. Clones
positive for the porcine ARSA products are indicated by a +. The presence of product for clone
14 may be an artefact or may indicate that the description of this clone 14 is incorrect. A, B, C,

D, E indicate regions of SSC 5 distinguishable by the panel.
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3.5.7. Comparative map

Six loci only were physically mapped in this study from 47 pairs of CATS primers. Of these,
five loci (ADRALA, ARSA, GNAS1, OXT, TOP1) came from human chromosome 20 and 22. Only
one additional locus (ADRA2A) from human chromosomes 9 and 10 was mapped from the 30 CATS
primer pairs for which Zhang (1997) was previously unsuccessful. There is no significant difference
between the success rates for mapping loci from human chromosomes 9 and 10 versus chromosomes

20 and 22 based on the Chi-square homogeneity test ( x? = 0.655 , p = 0.419). A comparison of the

location of these mapped CATS loci between human and pig confirms recognised conserved synteny
between these two species and agrees well with previously recognised conserved relationships
between pig and human genomes (Johansson et al., 1995; Rettenberger et al., 1995b; Froncke et al.,
1996) except for the locations of OXT and ADRAL1A. As discussed below, the map location of OXT is
less certain than other loci and the porcine location of ADRA1A shows a potential confusion of gene
family members. Fig 3.7 shows the map locations in pigs compared with the human physical map
location, including 6 CATS loci mapped by Zhang (1997).

3.6. Discussion and conclusion

In this study, 47 consensus primer pairs, mainly based on the human and mouse sequences,
were tested in pigs for identification of conserved chromosomal regions between species. However,
the sequence divergence between human/mouse and pig may lead to mismatches in the primer target
region and/or the creation of spurious complementarity in non-target regions. Therefore, it is highly
desirable to eliminate artefact bands or at least identify target bands to enable appropriate
interpretation of the CATS PCR products for linkage and physical mapping.

AmpliTag Gold DNA Polymerase used in the slow-release protocol helped in eliminating
some confusing multiple banding patterns, but did not eliminate the problem completely. Ultimately,
12 primer pairs (ACO2, ADRBK2, ASS, CHAT, CNTFR, CYP2D@, CYP2E, DBH, DNTT, HK1, LIF,
PP) failed to yield interpretable PCR products for sequencing because of the confusing pattern of
multiple smearing bands with different trials of PCR conditions. Including Zhang’s (1997) results, 12
loci have now been physically mapped and 23 CATS primers have amplified PCR products that have
been confirmed to match their target loci. The success rate for amplification of target PCR product
was 43% (23/53) based on short single-pass sequences obtained directly from the CATS PCR
products. It is possible that some of these sequences were intronic only and therefore were unlikely

to find a match in the GenBank database, so the true success rate could be higher.
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~ | EGR? 14q2.2-2.4
| IFNBY 1q2.3-2.7
ITXN 1q1.8/12.8-2.13
| ansP 1q1.8/192.8-2.13 | ADRA2A 1492.5-2.9
I GRP78 1q1.8/1q2.8-2.13
SPTANY 1q2.1
HSAS SSC1 HSA10 85C14
| OXT ® 14g2529
ADRATA @ 16q1.4/16q2.22.3
I roet 17(1/2q2.1)-2.3
|GNA81 I 17(12q2.1)-2.3 | ARSA ® 5pll-15
HSAZ0 SSC HSA22 SSCH

Figure 3.7 Physical localisation of CATS loci in pig, shown relative to their human locations.
The source of human map locations is based on the human genome database (GBD,
http://gdbwww.gdb.org/)

A disappointingly high proportion of CATS primers were found to amplify only coding
sequences contrary to their stated design principles. The exon sequences are unlikely to be
informative for linkage mapping and as a result only one locus could be linkage mapped by Zhang
(1997) with a reasonable amount of effort in detecting polymorphism. More disappointingly, the
nature of the CATS consensus sequence design meant that for about 50% (11/23) loci, rodent PCR
products coamplified and could not be distinguished from porcine products in the somatic cell hybrid
panel with the range of enzymes employed. Almost every consensus primer is based on mouse
(rodent) sequence contributing to consensus. Therefore on average CATS primers will work much
better with mice (rodents) than other species.

An inconsistency between Zoo-FISH and somatic cell hybrid panel results was found for the
OXT and ADRAL1A loci. OXT maps to SSC 14. This position is not consistent with HSA 20 but rather
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with HSA 10. However, the syntenic relationship between SSC 14 and human chromosomes has not
been well defined with Zoo-FISH (cytogenetic map of the pig, http://www.toulouse.inra.fr/lgc/pig/cy
to/cyto.htm; August 2000). Also it was hard to tell whether this OXT map position was correct or the
results of artefactual PCR bands from the somatic cell hybrid panel because the 5 % error rate in the
analysis is the borderline value, above which no decisions can be made on location (see Appendix
3.3) and the low number of positive clones in the somatic cell hybrid panel. If the location on SSC 14
is correct, this result indicates that there is an unidentified homologous chromosomal segment
between HSA 20 and SSC 14. Also it is possible that small chromosomal segments could have been
rearranged in the somatic hybrids, generating spurious mapping results (Dr. Bhanu Choudhary:
Personal communication). Fortunately, OXT sequences for two pig breeds (Large White and
Landrace) have been generated in this study and will provide resources to linkage and physically

map this locus in the future.

| Porcine ADRAIA location
More recent Zoo-FISH OR
localisation
of ADRAIA Porcine ADRAIA location
SSC16

Current localisation
of ADRAIB

Initial localisation
of ADRAIA

HSAS

Fig 3.8 ADRALA in humans was assigned first to HSA5q and then reassigned to HSA20. SSC16
is homologous with HSA5p extending a small way into the g arm. ADRA1B (a member of the
same gene family as ADRA1A) maps on HSA5q but again outside of the region of recognised
homology between HSA5 and SSC16.
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The porcine ADRALA CATS product maps to SSC 16. Human ADRALA was initially assigned
to HSAS (YYang-Feng et al., 1990; Lomasney et al., 1991). All of SSC16 is syntenic with HSA5, but
the region of synteny does not include the site of this original human assignment nor the current site
of localisation of ADRA1B to which the porcine CATS product also shows high sequence similarity
(Fig 3.8). The porcine localisation of ADRA1A is inconsistent with the current, reassigned human
position on HSA20 (Loftus et al., 1994). The results suggest that a careful revision of the human
localisations of ADRALA and ADRALB is required. They also suggest that more complex small
rearrangements may have occurred between human and pig genomes that affect the segment
containing ADRA1A.

ADRA2A was assigned with equal probability to two different physical map locations,
6(1/292.1) and 14qg2.5-2.9. However, Rettenberger et al. (1996) have previously shown that
ADRA2A maps to SSC 14, not SSC 6, consistent with this assignment to SSC 14g2.5-2.9.

In August 1998, a prelimnary comparative mapping report was presented at the 26" ISAG
(International Society for Animal Genetics) Conference, held in Auckland, New Zealand. Results
collected from several pig mapping groups showed that over 131 CATS primer pairs had been tried,
with 35 CATS PCR products confirmed by sequencing, and 22 subsequently mapped, including the
results presented in this Chapter.

Due to the low levels of polymorphism, frequently indistinguishable rodent and porcine
products in somatic hybrids and some confusion of identity of gene family members, the CATS
primers were not a very powerful tool for cross-species identification and mapping of type | markers.
However these CATS primers did provide some useful information. Also if better designed, for
example to ensure presence of introns in amplified product and to avoid over reliance on mouse
sequences, they might more usefully contribute to the porcine-human comparative map. The
comparative map, which is based on Type | markers, will permit the identification of
intrachromosomal rearrangements which are not visible to Zoo-FISH, allow a more precise
recognition of evolutionary breakpoints, and thus contribute to the understanding of the evolutionary
relationships between mammalian genomes and the reconstruction of the evolutionary history of

chromosomes within mammals.
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Chapter Four

Characterising Porcine Endogenous Retroviruses (PERVs) in Westran

pigs

41. Introduction

Porcine endogenous retroviruses (PERVs) are proviral forms of retrovirus and are
inherited in a stable Mendelian fashion (Patience et al., 1997), as well as being acquired through
infection. The discovery of porcine retroviruses dates back to 1970. Type-C virus particles
released in two cell lines from pig kidney were first described by Breese (1970), with particles
being morphologically similar to the mouse type-C leukaemia viruses. Soon after, C-type viral
particles were reported in five different pig leukemia cell lines (Armstrong et al., 1971). Todaro
et al. (1974) showed that porcine retroviruses were present in multiple copies in the porcine
genome in DNA from different tissues and cells. Lieber et al. (1975) described the biological and
immunological properties of porcine type-C viruses. Cell lines from most mammalian species
were found resistant to infection with the viruses but they are otherwise very similar to other
mammalian C-type viruses by morphological, biochemical and immunological criteria.
Benveniste and Todaro (1975) showed that related endogenous retroviral sequences were found
in close wild relatives within Suidae, like bush pig and wart hog, and were absent from the
peccary and other artiodactyls, like cattle. They concluded that C-type viruses were introduced
into the Suidae lineage as a result of trans-species infection by an ancestral xenotropic murine
virus.

Benveniste and Todaro (1975) could not find evidence for expression of porcine
endogenous retroviruses in normal non-leukomogenic tissues, but they are expressed in most cell
lines and in lymphosarcomas. Lymphosarcomas occur at a frequency of 3-50 x 10° among
slaughtered animals and account for more than 25% of porcine neoplasms detected in abattoirs
(Bostock and Owen, 1973). Suzuka et al. (1985) reported the isolation of a swine C-type
retrovirus from malignant lymphomas. This C-type retrovirus was cloned into a A phage vector
and characterised by restriction digestion of the entire 8.8 kb virus (Suzuka et al., 1986).

Due to the shortage of human organs and tissues for transplantation, the use of non-human

species is considered a possible solution. Success in modulating immunological rejection by
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transgenic modifications to animals has raised the possibility of clinical introduction of
xenotransplantation (Cozzi and White, 1995; Sharma et al., 1996; Fodor et al., 1994). Pigs are
regarded as a better source than primates for xenotransplantation into humans for safety,
financial, ethical, and practical reasons. Clinical trials have been carried out with pig xenografts,
including perfusion of human blood through pig livers or using porcine hepatocytes as a bridging
strategy for hepatic failure, the use of pancreatic islet cells as a treatment for chronic diabetes,
and the implantation of fetal neuronal tissue as a therapy for Parkinson’s disease (Chari et al.,
1994; Deacon et al., 1997; Groth et al., 1994).

Recently porcine retroviruses have become a focus of concern, as they infect human cells
in vitro (Martin et al., 1998a; Patience et al., 1998; Wilson et al., 1998), although there is no
evidence that this occurs in vivo in baboons (Martin et al., 1998b) or in humans (Paradis et al.,
1999; Pitkin and Mullon, 1999; Switzer et al., 1999). Akiyoshi et al. (1998) suggested that the
risk of viral infection would be increased in xenotransplantation by the presence of factors
commonly associated with viral infection e.g. immune suppression, graft-versus-host disease,
graft rejection, viral co-infection, and cytotoxic therapies. Very recently, the transplantation of
porcine pancreatic islets into SCID (severe combined immunodeficiency) mice led to in vivo
expression of PERVs, reinforcing fear about the risk of PERV infection in immunosuppressed
human patients (van der Laan et al., 2000).

The viral envelope is the major determinant of host range and is essential for infection.
Two main types of pig retrovirus, PERV-A and PERV-B, which differ by 507 bases in their
envelope (env) gene, are widely distributed in different pig breeds, with PERV-A predominant in
European pigs (~70%) and PERV-B predominant in Asian (~60%) pigs by Southern
hybridisation (Le Tissier et al., 1997). PERVs are present at approximately 50 copies in different
breeds of pig (Akiyoshi et al., 1998; Le Tissier et al., 1997).

Host range analysis initially showed that PERVs are restricted in their species tropism,
infecting only porcine cells and not cell lines derived from a range of species including
chimpanzee, rhesus monkey, horse, mink, bat, rabbit, cow, cat, dog, and mouse (Todaro et al.,
1974). The receptor specificities of PERV-A, PERV-B, and PERV-C were investigated with
LacZ pseudotype vectors (Takeuchi et al., 1998). The results showed no cross-interference,
implying that these Env proteins recognise different cell surface receptors. Also, host range
analyses by the vector transduction assay showed that PERV-A and PERV-B viruses have wider
host ranges, including several human cell lines, compared with PERV-C viruses which infected
only two pig cell lines and one human cell line (Takeuchi et al., 1998). Recently, the in vitro host
range of PERV was studied in human primary cells and cell lines, as well as in cell lines from
non-human primates and other species. The analysis revealed that there were three distinct

patterns of susceptibility to infection among these host cells. Firstly, some cells are resistant to
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infection in the assay. Secondly, other cells are infected by virus but the cells are not permissive
to productive replication and spread. Thirdly, the final category of cells is permissive for
productive infection and spread (Wilson et al., 2000).

In March 1994, the transplantation research group at Westmead hospital in Sydney,
Australia initiated an inbreeding program in a particular stock of feral pigs, as tools for
transplantation research and in the long term as potential donors for xenotransplantation. The line
is called Westran (Westmead transplantation) and pigs from it are the subject of the research
reported here. Specifically, this Chapter describes a detailed study of PERV env sequences in the

Westran pig line in relation to the potential hazards of these viruses for xenotransplantation.

4.2. Materials

42.1. Animal resources

The Westran line are believed to be descended from a pair of pigs released on Kangaroo
Island, off the coast of South Australia, in 1803 by a French navigator and explorer, Captain
Nicholas Baudin (Cooper, 1954). Captured feral pigs from Kangaroo Island were transferred to
Adelaide University for biomedical research in 1976 (Mclntosh and Pointon, 1981). After being
maintained as a very small colony for about 15 years, a pair of full sibs was transferred to
Westmead Hospital in Sydney for transplantation research. Since then, the core breeding line has
been maintained by deliberate full-sib mating up to the current 8" generation. Assessment of
genetic and immunological composition has been performed by a Westmead/Animal Science
research team using ABO blood grouping and mixed lymphoctye reaction (MLR),
lymphocytotoxity assay (LCA) and monitoring of hyperpolymorphic microsatellite markers.
Selection during inbreeding has been based on body size, skin colour and ABO blood group. The
surviving Westran pigs are smaller in size and are blood group O animals that are unreactive in
MLR, implying SLA (Swine Leukocyte Antigen) class II identity, and have no reactivity to each
other on LCA. Their highly inbred status has been confirmed by very high levels of
microsatellite homozygosity (94% (47/50) of microsatellites are monomorphic at the 8"
generation of full sib mating) (Hawthorne et al., 1999). Cross-over skin grafts also have been
performed in Westran pigs. Littermate male-to-male, female-to-female and female-to-male skin
grafts are accepted longterm without evidence of rejection. The male-to-female grafts are
rejected by 7 days suggesting the presence of a Y-chromosome linked minor histocompatibility
antigen (Dr Phillip J. O’Connell: Personal Communication). Figure 4.1 shows typical Westran
pigs with black spots on white background and solid white coat colour. A solid white coat colour
is more common than spotted in Westran pigs and is fixed in the core breeding line.
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The origin of Westran pig ancestors was investigated with phylogenetic analysis of
mitochondrial DNA D-loop sequence (Personal commonication: Kyu-Il Kim et al). Two Westran
pigs from generation two (Animal no. 1) and three (Animal no. 11) of inbreeding showed 100%
homology in the D-loop sequence. Surprisingly they clustered with Asian pigs (Fig. 4.2),
suggesting an Asian origin.

Endogenous retroviruses have been analyzed in this Chapter from a generation-six boar

(Animal no. 115).

Fig 4.1 Typical Westran pigs with black spots on white background (a) and solid white coat

colour (b).
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Fig 4.2 mtDNA phylogeny showing Westran sequence clustered with predominantly Asian
pig breeds.
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42.2. Primers

4.2.2.1. PERYV PCR amplification

The primers used in this work were designed using the Primer Design program (Version
2.0, Scientific and Educational Software, 1991) as described in section 2.6. The primers are
based on the sequences of Akiyoshi et al. (1998) for PERV-C and Le Tissier et al. (1997) for
PERV-A and PERV-B. Primers were synthesised by Life Technologies Pty Limited, Victoria,

Australia.

4.2.2.2. Primers for sequencing

A pair of M13 vector primers labelled with different infrared-sensitive dyes suitable for
the Li-Cor sequencing system were used for cycle sequencing. Two M13 forward dye-labeled
primers called —29 and —38 are available commercially from Li-Cor Inc. After testing, the —38
M13 forward primer proved more suitable. The primer sequences and annealing temperatures for

the chosen pair of primers are presented in Table 4.1 (DNA sequencing manual, Li-Cor Inc).

Table 4.1 The pair of vector primers used for sequencing.

Name of primer Primer sequences Annealing Temp.
M13 Forward (-38)/ 5’-TTTCCCAGTCACGACGTTG-3’ 50 °C
IRD800 Dye-labelled primer
M13 Reverse/ 5’-GGATAACAATTTCACACAGG-3’ 50 °C
IRD700 Dye-labelled primer

4.3. Methods

4.3.1. PCR conditions

4.3.1.1. PCR using Tag DNA polymerase

PCR was carried out in a 50 pl volume with approximately 100 ng of template genomic
DNA, 0.2 mM of each primer, 600 UM of each ANTP, 1 or 2 mM MgCl,, 5 pl 10x PCR buffer
(Invitrogen), and 2.5 units of Taq polymerase. This mixture was overlaid with one drop of
mineral oil. Amplification was performed in a PTC-100 Programmable Thermal Controller (MJ
Research Inc.) for 45 cycles with denaturation for 1 minute at 94 °C, annealing for 1 minute at 65
°C (PERV-A and -B) or 58 °C (PERV-C) and extension for 1 minute 72 °C. The final extension
was for 20 minutes at 72 °C.
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4.3.1.2. PCR using Pfu proof-reading DNA polymerase

The Pfu proof-reading DNA polymerase was chosen for the second set of PERV PCR
reactions because its known lower error rate compared with Tag DNA polymerase. PCR using
Pfu proof-reading DNA polymerase was carried out in a 50 pl volume with approximately 100
ng of template genomic DNA, 0.2 mM of each primer, 0.5 mM of each dNTP, 10 x PCR buffer
(Stratagene), and 2.5 units of cloned Pfu polymerase (Stratagene). This mixture was overlaid
with one drop of mineral oil. Amplification was performed in a MJ thermocycler with initial
denaturation for 3 minutes at 95 °C, followed by 35 cycles of denaturation for 1 minute at 95°C,
annealing for 1 minute at 65°C and extension for 5 minutes at 72°C. The final extension was for

10 minutes at 72°C.

4.3.1.3. Cycle sequencing reaction
Cycle sequencing was performed using a PTC-100 Programmable Thermal Controller (MJ

Research Inc.) with the pair of M13 vector primers shown in Table 4.1, and then a Li-Cor

sequencer, as described in Section 2.10.2.

4.3.2. Cloning of PERV PCR products

The env PCR products were cloned into pCR"™-Blunt plasmid vector (Invitrogen) for Pfu
polymerase generated PCR products and pCR”2.1-TOPO plasmid vector (Invitrogen) for Taq
polymerase generated PCR products. The detailed information for cloning is described in Section

2.11. Detailed maps of the cloning vectors are presented in Appendices 2.1 and 2.2.

4.3.3. Checking clone inserts by PCR and restriction digestion

To check that plasmid clones contained a correct insert, boiled preparation was tested as
described in section 2.7.3, followed by restriction digestion. PCR was performed with Taq DNA
polymerase as described in Section 4.3.1.1. Two restriction enzymes, Kpnl and Mbol, were used
for preliminary screening of the clones for characteristic features of PERV-A and -B (Le Tissier

etal. 1997). The detailed information for restriction enzyme digestion is described in Section 2.8.
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4.3.4. Extracting plasmid DNA from bacterial cells

The plasmid DNA was extracted using a JETquick Miniprep Spin Kit as described in
Section 2.4.2.

4.3.5. Sequencing of PERV clones

A SequiTherm EXCEL™ Long-Read™ DNA sequencing kit (Epicentre) and Li-Cor
sequencer (Model 4200, Li-Cor Inc.) were used to read approximately 1.8kb of full-length insert
sequences, using the pair of vector primers (Li-Cor Inc.) shown in Table 4.1. Sequences were
analyzed using Base ImageIR™ software version 4.1 (Li-Cor Inc.). The detailed protocols for
sequencing using the Li-Cor sequencer are described in Section 2.10.2. Figure 4.3 shows the

schematic diagram of the sequencing.

1kb 1kb

F 3

4{ eny gene }7
Vector Vector

e 18kb_

Fig 4.3 Schematic representation of single-pass sequencing with a pair of vector primers

(Solid bars (=—)).

4.3.6. Orientation and amalgamation of sequences

SeqEd software version 1.0.3 (Perkin-Elmer, Applied Biosystems) was used to
amalgamate and orient the sequences with respect to published PERV sequences. Full sequences
of the PERV env PCR products were assembled by overlapping forward and reverse sequencing
products. The overlapping sequences at each end of the long reads may compensate for the less

accurate reads at the ends.

4.3.7. Sequence alignment and translation

Alignment of the PERV env sequences was performed using the Clustalw and Pileup

programs of the multiple sequence alignment option in GCG using the Web ANGIS interface
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(http://www.angis.org.au/). The putative amino acid sequences were determined using the

Translate program in GCG.

4.3.8. Phylogenetic analysis

Phylogenetic analysis of PERV env sequences was performed via PAUP software version
4 beta 3a for PPC (Swofford, 1999), using the UPGMA (unweighted pair group method using
arithmetric average) method. The UPGMA method assumes that the rate of substitution is

constant and distances are linear with time.

4.4, Results

4.4.1. Designing primers

The published PERV-A and -B env sequences (Le Tissier et al. 1997) were aligned using
the GAP program available in WebANGIS (Appendix 4.1). The env genes of PERV-A and
PERV-B are highly conserved at both the 5 and 3’ ends, which flank a distinct region which
forms the basis for recognising the A and B variants. The primers were chosen from the highly
conserved regions in order to search for novel variants in the less conserved region and to
amplify all possible PERV inserts in the pig genome (Fig 4.4). The primer information is
presented in Table 4.2 and the sequence alignment between PERV-A and PERV-B is presented
in Appendix 4.1.

--Constant Region-- --Constant Region--
PERV-A |CATGCATCCCACGT TAAKD . . GGGT GGT TTGAAGGATGGT|
L ---Variable Region--- [T
PERV-B ICATCCATCCCACGTTAACCO

Forward Primer Reverse Primer

t 1.8kb t

Figure 4.4 Strategy for PERV PCR amplification using consensus PERV-A and PERV-B

primers from the constant regions located at the 5’ and 3’ ends of the env gene.
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Table 4.2 The primer sequences, PCR conditions (MgCl, concentration and annealing

temperature) and expected product size for amplifying the PERYV env sequences.

Primer sequences’ MgCl, Annealing Expected size (bp)
Conc. Temp.
F. 5’-CATGCATCCCACGTTAAGC-3’ 2 mM 65 °C 1784 bp (PERV-A)
R. 5’-ACCATCCTTCAAACCACCC-3’ 1775 bp (PERV-B)
F. 5’-ATTCCTAGTCTGACCTCACC-3’ 1 mM 58 °C 1515 bp (PERV-C)
R. 5’-TGTGAGTAACAGGAGGAGGA-3’

'F: forward primer; R: reverse primer

4.4.2. PCR for PERV-C amplification

It was initially hoped that the PERV-A and -B consensus primers would also amplify
PERV-C inserts and possibly even new categories of PERV. However analysis of the env
sequences showed that no PERV-C insert amplified. Therefore a new set of PERV-C specific
primers (Table 4.2) were designed based on the sequence of Akiyoshi et al. (1998). The PCR
results for PERV-C in a Westran pig are presented in Fig 4.5, clearly showing that PERV-C is
present in the Westran line of pigs but not in the Large White control DNA sample used.

Figure 4.5 1.5 kb PERV-C PCR product in a Westran pig (indicated by an arrow). Lanes 1,
3 and 5 have Large White genomic DNA as template. Lanes 2, 4 and 6 have genomic DNA
from Westran pig No 115 as template. Different MgCl, concentrations were tested (lanes 1
and 2: 1 mM, lane 3 and 4: 2 mM, lane 5 and 6: 3 mM). M is @X174/Haelll Marker
(Promega) size standards. The only combination to give the expected size product is
Westran genomic template with 1 mM MgCl,. PERV-C is clearly present in the Westran
inbred line but amplification of PERV-C envelope sequence is sensitive to MgCl,
concentration.
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4.4.3. Restriction enzyme digestion for screening PERV clones

Cloned PERV-A and -B env PCR products, amplified by Tag DNA Polymerase (64
clones) and Pfu proof-reading DNA polymerase (346 clones), were screened by Kpnl and Mbol
restriction enzymes. Four patterns of KpnI digestion (Fig 4.6(a)) and six patterns of Mbol
digestion (Fig 4.6(b)) were identified in PCR product amplified by Taqg DNA polymerase. Each
of the Kpnl/Pfu patterns corresponded to a Kpnl/Taq pattern (A, B and D). Four of the Mbol/Pfu
patterns corresponded to Mbol/Taq patterns (L, M, N and P). Three patterns of Kpnl digestion
(Fig 4.6(c)) and twelve patterns of Mbol digestion (Fig 4.6(d)) were identified in PCR product
amplified by the Pfu proof-reading DNA polymerase. Combining the results for the two
restriction enzymes, nine types of clone were recognizable for Tag DNA polymerase amplified
clones and thirteen types were recognizable for Pfu proof-reading DNA polymerase amplified
clones (Table 4.3).

The Kpnl restriction digestion pattern A is characteristic of PERV-A and pattern B of
PERV-B, based on the published PERV-A and PERV-B sequences (Le Tissier et al., 1997).
Digestion patterns AM, AN, AP and BL were found for clones generated with both Taq and Pfu
polymerases. On the other hand, restriction digestion patterns AK, AO, BN, CL, DL were found
only in the clones generated by Tag DNA polymerase and restriction enzyme pattern AV, AX,
AQ, AR, AS, AT, AU, AW, DU showed only in the clones generated using Pfu DNA
polymerase. These unique clones constitute 8 % (5/64) for the Tag DNA polymerase clones and
5 % (18/346) for the Pfu DNA polymerase amplified clones. Among both Taq and Pfu amplified
clones, the BL type is predominant, constituting 64 % (41/64) of the Taq polymerase amplified
clones and 72 % (248/346) of the Pfu amplified clones (Table 4.3). All restriction enzyme

patterns of all clones are presented in Appendix 4.2.
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(a) Kpnl, Tag DNA polymerase (b) Mbol, Tag DNA polymerase
S1 A B C D S2 K L M N O P 82

(c¢) KpnL, Pfu DNA polymerase (d) Mbol, Pfu DNA polymerase
A B D 82 L M NX P Q R STU VWRS2

Fig 4.6 Restriction digestion patterns of PERYV clones. (a), (b): Four patterns (A, B, C, D) of
KpnlI digestion and six patterns (K, L, M, N, O, P) of Mbol digestion were identified in PCR
product amplified by Tag DNA polymerase. (c), (d): Three patterns (A, B, D) of Kpnl
digestion and twelve patterns (L, M, N, X, P, Q, R, S, T, U, V, W) of Mbol digestion were
identified in PCR product amplified by Pfu proof-reading DNA polymerase. S1 and S2 are
the 1kb ladder and @X174/Haelll Marker (Promega) size standards, respectively.
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Table 4.3 Restriction enzyme digestion and sequence analysis of PERV clones.

Polymerase  Digestion = Number* No of clones Most likely ~ Premature stop
used pattern sequenced (IDs) type from codon (IDs)
sequence
comparison
Taq AK 1 1(1) A+B Yes (1)
AM 10 3(6,10,11) A Yes (6, 10, 11)
AN 4 2 (8, 82) A Yes (8, 82)
AO 1 1(17) A Yes (17)
AP 4 2 (54, 56) A Yes (54)
BL 41 6(3,4,9,12,14,20) B Yes (3, 12)
BN 1 1(24) B No
CL 1 1(21) A+B No
DL 1 1(29) B Yes (29)
Pfu AV 2 1 (251) A No
AM 15 1(6) A No
AN 17 1(11) A No
AX 1 1 (260) A+B Yes (260)
AP 48 1(3) A No
AQ 5 1 (56) A Yes (56)
AR 2 1(62) A No
AS 4 1(112) A Yes (112)
AT 1 1(115) A Yes (115)
AU 1 1(232) A+B Yes (232)
AW 1 1(295) A Yes (295)
BL 248 1(1) B No
DU 1 1 (345) A+B No

*number of clones with this digestion pattern

4.4.4. Sequences of PERV clones

4.4.4.1. Sequence similarities of PERV clones

After consideration of the restriction digestion patterns and to ensure the widest possible
range of clone types were included, 18 Taq amplified clones and 13 Pfu proof-reading amplified
clones were sequenced (Table 4.3). Table 4.4 summarises the sequence differences among PERV
clones and published PERV-A (EMBL Nucleotide Sequence Database accession number

Y12238), PERV-B (EMBL Nucleotide Sequence Database accession number Y12239) and
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PERV-C (GenBank accession number AF038600) published sequences (Le Tissier et al., 1997;
Akiyoshi et al., 1998).

As noted previously, the PERV-A and PERV-B consensus envelope primers amplified 9
different types of Taq polymerase generated PERV clones and 13 types of Pfu polymerase
generated clones recognisable by screening with two restriction enzymes. Of course any PERVs
differing by substantial substitution or deletion in the primer complementary region could not be
amplified by these primers. Thus there is a limit to the variety of novel PERV insertions which
could be characterised in this way.

To determine the envelope types, each clone was initially aligned with the published
PERV-A and PERV-B sequences. Seventeen clones were very similar to the PERV-A sequence,
differing from it by only 44 to 54 bases. They are designated as PERV-A clones. Nine clones
were very similar to the PERV-B sequences, differing from it by only 1 to 15 bases. These are
designated as PERV-B clones. The remaining five clones differed from both PERV-A and
PERV-B by at least 94 bases. Sequence comparison (Appendix 4.3) showed that these five
clones are actually recombinants between PERV-A and PERV-B. Comparisons amongst all
sequences are colour-coded in Table 4.4. Excluding recombinant clones, the absolute number of
nucleotide differences among PERV-A clones is between 5 to 54 base pairs in 1,785 base pairs.
For PERV-B clones, there were between 1 to 24 base pair differences in 1,776 base pairs. There
are about 400 base pairs different between PERV-A group and PERV-B groups (Table 4.4).
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Table 4.4 Absolute difference matrix of 31 PERYV sequences and PERV-A, PERV-B, and PERV-C published sequences (number of nucleotides by

which pairs of sequences differ). The ID of unpublished sequences is expressed as polymerase-x, where polymerase is either Taq or Pfu and x is the

number of the clone generated by that polymerase. The comparisons among PERV-A clones (green), PERV-B clones (blue), between PERV-A and

PERV-B clones (black), and between recombinants and all other clones (red) are indicated by different font colours.

Cl

1 2 3 ‘I- 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 -|_29 30 31 32 33 34
[PERV-B| Tag-14| Tag-4|Pfu-1| Tag-20[ Tag-12| Taq-24| Tag-3| Tag-9| Tag-29| Tag-21| Tag-11f Tag-6| Pfu-6| Taq-10| Tag-8| Taq-82| Pfu-56| Pfu-11| Pfu-251| Pfu-112| Pfu-295|Pfu-3|Taq-56| Tag-54| Pfu-62 Taq-17|Pfu-115PERV-Al Pfu-232| Taq-1|Pfu-260|Pfu-345 PERV
[&
[ 1PERV-H|
2| Tag-14] 1 :
3| Tag-4] 2] 3| E
4 Pfu-1 3| 4 5) |
5| Tag-20| 3| 4 5| 6) -
6| Tag-12| 5| 6| 7| 6| 8| .
7| Tag-24] 7| 8 7] 10 10, 12) |
8| Tag-3| 15 16] 17| 18| 18 20 22) |
9| Tag-9| 10] 11] 10 13| 13 15] 13| 11] |
10[ Tag-29| 9 10| 11 12 10 14] 16 24 19 -
11[ Tag-21] 97| 98] 99| 100 100] 102 102 108 103[ 106 B
12[ Tag-11] 395 396 395 397 394 400 398 399 399 400[ 348 |
13[ Tag-6) 396 397 396 398 395 401f 399 400] 400 401 349 6) |
14 Pfu-6| 390] 391] 390[ 392] 389 395 393 394 394 395 345 11] 13 |
15( Tag-10] 393 394 393 395 392 398 396( 397| 397 398 347 18[  20] 11 |
16( Tag-8| 400 401 4001 402 399 405 404] 404 404 403[ 352 28] 30 29 36 |
17| Tag-82] 403 404 403 405 402 408 407 407] 407 406[ 355 29 31 34 41 5) E
18( Pfu-56) 400 401 400 402| 399 405 404] 404 404 405 352 30| 32] 35) 42 22) 23 E
19 Pfu-11] 397 398 397| 399 396/ 402 401 401 401 400[ 350 34 36 27 24 12] 17, 34 E
20| Pfu-251 396 397 396 398 395 401f 400 400] 400 399 349 39 40 34 29 22) 25) 42 10] E
21)Pfu-112)  393| 394 393] 395 392 398 397 397| 397] 396] 346 41 42 34 29 32 37| 32 20) 12 E
22|Pfu-295| 389 390 389] 391f 388] 394 392 393 393 392 342 29 30) 24 21 32 35) 40] 22] 12 12 |
23]  Pfu-3| 393 394 393 395 392] 398 397] 397] 397] 398 349 44] 46 38 32 41 46 29 30] 22 9) 21] |
24| Tag-56| 396 397 396 398 395 401 400 402] 400 401 349 47| 48] 40| 35 45| 50) 29 34] 26 14 26| 12 |
25| Taqg-54] 394 395| 394 396 3931 399 398 398 398 399 347 47| 48] 40] 35 46 51 30| 34 26 14 26| 11 10] R
26| Pfu62] 390 391f 390] 392 389 395 393 394 394 395 343 34[ 35 27 22 41 46 35) 29 21 17 15[ 17| 15| 15) E
27| Taqg-17| 401 402 401 403 400] 406 405 405 405 404 356 36| 37| 39 44] 35| 36 21 41] 31 21 29 23] 23 23 26 R
28| Pfu-115| 401 402 401 403 400] 406 405 405 405 404 354 33] 36 25| 31 31 36 27 28] 35 28] 36| 29| 31 30 34 30 |
[ 29PERV-A| 394 395| 394 396 393] 399 398 400] 398 399 341 49 51 45] 47| 48] 53] 50 45] 47| 44] 46| 48] 49 48| 48] 54 49 |
30[Pfu-232] 337 338 337 339 336] 342| 340] 344) 341 342 340 62 65} 60} 63 76 81 82 77 84 83 73[ 86 90| 91 77 91 81 94 h
31) Tag-l| 344 345 344 346| 343 349 348 351 348 347 349 88 914 82 85 64 69 86 65} 75 84} 84[ 93 96 98] 90| 96 87 103 26 ]
32| Pfu-260) 339 340| 339 341f 338 344 343 346 343 344] 344 95 97| 89 88 94 99 76 89 81 68 78] 65| 63 64] 68] 70 80 99 35 42) |
33| Pfu-345| 287 288 287 289 286] 292 2901 296 293 294] 380 116] 119 1101 113[ 124 129 132 123 133 134] 124) 134] 138 140 126| 142 133] 143] 59 71 85 |
34| PERVA{ 441 442 443] 443 442 446 445 440 443 448 346 245 247 241 243 249 254 248 247 248 246 244] 246 248 244] 240 253 247 222 274 287 280 318§
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4.4.4.2. Empirical cycle-sequencing error rate, using the Li-Cor sequencer

Because single-pass sequencing reaction was applied in this experiment except for the
middle of the sequence where there was a short overlap, sequencing errors are to be expected.
After 600 to 800 base pairs of a single long sequence read, the accuracy is expected to decline.
To determine the error rate of cycle sequencing using the Li-Cor sequencer, a sample of four
clones was sequenced twice under exactly the same experimental conditions and editing
procedures. That is, for each of four clones, two forward and two reverse products were
generated and sequenced. Table 4.5 shows the number of nucleotides by which the sequence of
the two products of each primer differed. For the four clones sequenced twice, there was an error
rate of 0.4% (28/7020). This error rate is based on comparison of two sequences, each of which
are equally likely to have errors. Therefore the true error rate is 0.2% (0.4/2). This sequencing
accuracy is better than the 99% rate indicated by the company (IR system specification, Li-Cor

Inc.).

Table 4.5 The empirical error rate of cycle sequencing using the Li-Cor sequencer

estimated from duplicate sequencing of the same clones

Clone Vector primer used Differences

Tag-11 M13 Forward 5/900
M13 Reverse 7/900
Tag-54 M13 Forward 4/900
M13 Reverse 3/650
Tag-56 M13 Forward 3/1000
M13 Reverse 4/900
Tag-6 M13 Forward 1/900
M13 Reverse 1/870

Total 28/7020

4.4.4.3. Frame shift mutations and premature stop codons

The nucleotide sequence alignments of the 17 PERV-A clones, 9 PERV-B clones, and 5
recombinant clones are presented in Appendix 4.3. The alignment of deduced amino acid
sequences of the PERV clones is presented in Appendix 4.4 together with PERV-A, PERV-B,
and PERV-C published sequences. 55% of the clones (17/31) sequenced have premature stop
codons within the envelope protein-encoding region, which would prevent the retrovirus from
making full length envelope protein recognizable by cell surface receptor for the virus. The
positions of premature stop codons and their causes are listed in Table 4.6. Fourteen stops were
caused by frame-shift mutation and only three were caused by base substitutions. A hot spot for

frame-shift mutations was found at nucleotide position 1134, with ten of fourteen found at this
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position. Three clones, namely Tag-10, Tag-11 and Pfu-232, have two frame-shift mutations. An

example of a premature stop codon caused by a deletion is illustrated for clone Tag-29 in Fig 4.7.

Table 4.6 Sequence analyses of 17 clones with premature stop codons.

Clone ID | Stop codon Causes of stop codon’
position'
Tag-1 416 AG nt 1134 (Frame shift mutation)
Tag-3 578 Base substitution C1733T
Tag-6 467 AA nt 1250 (Frame shift mutation)
Tag-8 416 AG nt 1134 (Frame shift mutation)
Tag-10 330 AC nt 815 (Frame shift mutation), AG nt 1134 (Frame shift mutation)
Tag-11 428 AG nt 1134, AA nt 1250 (Frame shift mutation)
Tag-12 242 Base substitution A725T
Tag-17 394 Base substitution C1184T
Tag-29 373 AA nt 1042 (Frame shift mutation)
Tag-54 416 AG nt 1134 (Frame shift mutation)
Tag-82 416 AG nt 1134 (Frame shift mutation)
Pfu-56 416 AG nt 1134 (Frame shift mutation)
Pfu-112 416 AG nt 1134 (Frame shift mutation)
Pfu-115 511 Base substitution A1532T
Pfu-232 438 AG nt 1134, AA nt 1250 (Frame shift mutation)
Pfu-260 416 AG nt 1134 (Frame shift mutation)
Pfu-295 416 AG nt 1134 (Frame shift mutation)

'The position of stop codon is in amino acid sequence
*The position of mutation in nucleotide sequence. The number of nucleotide starts from the 5’
forward primer sequence as nt number 1

GCATAG

Tag-29 deletion Ala stop

Fig 4.7 Example of premature stop codon in clone Tag-29 caused by an upstream (adenine)

deletion giving a frame shift mutation.
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Tag-14
PERV-B
Tag-4
Tag-20
Pfu-1
Tag-12
Tag-24
Tag-29
Tag-3
Tag-9
Tag-21
Tag-11
Tag-6
Tag-10
Pfu-6
Tag-8
Tag-82
Pfu-11
Pfu-251

| Pfu-112
Pfu-3
Tag-54
Tag-56
Pfu-295
Pfu-62
Tag-17

Pfu-56
Pfu-115
— PERV-A
Tag-1
—l: Pfu-232
L — Pfu-260

Pfu-345
PERV-C

— 0.005 changes

Fig 4.8 Phylogenetic tree of 18 Tag and 13 Pfu generated clones as well as PERV-A, PERV-
B and PERV-C published sequences.
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4.45. Phylogenetic analysis

A dendrogram summarising the results of phylogenetic analysis of all 34 PERV env
sequences considered in this study, including the PERV-A, -B, -C published sequences, is
presented in Fig 4.8. 21 sequences cluster with PERV-A and 10 with PERV-B. PERV-C is more
closely related to PERV-A than PERV-B. The absolute number of nucleotide sequence
differences between PERV-A and PERV-C is 222 base pairs and between PERV-B and PERV-C
is 441 base pairs (Table 4.4). The recombinant five clones, namely Tag-1, Tag-21, Pfu-232, Pfu-
260, Pfu-345, do not show the same pattern of clustering as the other clones, having more distant

nodes relative to the published sequences.

4.4.6. Recombinant clones between PERV-A and PERV-B

The recombinant clones were classified into three groups based on the patterns of break
points between PERV-A and —B sequences (Fig 4.9). In the case of Tag-1, Pfu-232 and Pfu-260,
two different polymerases gave the same break points in these recombinant clones suggesting
that at least one of these recombinant sequences reflect genuine PERV sequence in the pig
genome and are not artefacts of the PCR process. The clone Tag-21 shows double recombination
between PERV-A and PERV-B. The sequence alignments and position of recombination are

presented in Appendix 4.3. (c).

(a) Taq -1, Pfu-232, Pfu-260
PERV-A

1.4kb 0.4kb
(b) Pfu-345

PERV-A
1.1kb 0.7kb
(c) Tag-21
PERV-A
—
Likb O05Kkb  0.2kb

Fig 4.9 Three types of recombinant envelope gene sequence between PERV-A and PERV-B.
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4.5. Discussion

This chapter reports studies of PERV env sequences obtained from an inbred pig from the
Westran line, which is being investigated as a source of tissue for transplantation into humans. A
total of thirty-one 1.8 kb PERV env clones, generated by either Taq and Pfu DNA polymerase,
were fully sequenced.

About 30% of the 31 envelope sequences described in the Chapter are classified as PERV-
A, whether from Taq or Pfu Polymerase amplified clones. To check whether the number of
clones generated in each class is significantly different with Taq and Pfu polymerase, chi-squire
contingency analysis was performed (X* = 2.508, df=2, not significant; for details see Appendix
4.5). The results indicated that the frequency of A, B and recombinant clones is not significantly
different between the clones generated by Taq and Pfu. However, the clones sequenced in this
study are a non-random sample because selection of clones for sequencing was based on
restriction enzyme digestion results. The restriction digestion results for 410 randomly chosen
clones (Table 4.3) show that 27.8 % (114/410) are PERV-A, 71 % (291/410) are PERV-B and
1.2 % (3/410) can be classified as recombinant clones between PERV-A and PERV-B, providing
a more accurate representation of the relative occurrence of these three classes. In any case, it is
important to realise that the sequences presented here do not necessarily reflect the relative
number of PERV-A and —B inserts in Westran pigs. In the next Chapter of this thesis, FISH
provides a much more accurate idea of the number of PERV-A and —B inserts in Westran pigs,
subject to some possible hybridisation of PERV-A and PERV-B probes with each other or with
PERV-C inserts.

Initially Tag DNA polymerase was used to generate PCR products for cloning. However
due to a substantial level of minor sequence differences between clones, which might have been
artefacts of the inability of Taq to correct errors during DNA replication, a proof-reading
polymerase, Pfu, was then tried. Taq DNA polymerase has no 3’-proof reading exonuclease
activity and a relatively high misincorporation of bases is expected. The usually quoted figure for
rate of misincorporation using Taq polymerase is about 2x 10 per nucleotide (Watson, 1992;
Lewin, 1994). However Cantor and Smith (1999) have shown that the overall misincorporation
depends not only on the rate of misincorporation of the Taq polymerase but also on the PCR
reaction conditions and the length of DNA amplified. The number of misincorporations observed

in a particular product in a particular set of PCR conditions is predicted by:

Number of misincorporations = LnXpig. ... ....... (equation 1)
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where L is the length of DNA amplified, n is the number of the PCR cycles, and X, is the
fractional misincorporation rate per nucleotide per PCR cycle (Cantor and Smith, 1999). Taq
DNA polymerease fidelity has been measured using a PCR based forward mutation assay based
on the lacl target gene. This provided an estimated fractional misincorporation rate of 8.0 x 10
per nucleotide per duplication (Instruction manual for Pfu DNA polymerase, Stratagene). Pfu has
a lower fractional misincorporation rate of 1.3 x 10°® per nucleotide per duplication, based on the
same lacl based fidelity assay (Instruction manual for Pfu DNA polymerase, Stratagene).
Applying these fractional misincorporation rates and the equation to the PERV amplifications
(1800 bp product, 45 cycles (Taq) or 35 cycles (Pfu) of PCR), equation 1 predicts the
misincorporation for Tag DNA polymerase to be 0.65 nucleotide and for Pfu DNA polymerase to
be 0.08 nucleotide. Thus two Taq clones on average would be expected to differ by 1.3
nucleotides, a Tag clone sequence versus a Pfu clone sequence by 0.73 nucleotides and a pair of
Pfu clones by 0.16 nucleotides if misincorporation during PCR was the only source of difference
between them. We can conclude that comparisons of Pfu clone sequences with other Pfu
sequences or Taq clone sequences are very unlikely to show artefactual differences due to PCR.
Even the comparison of Taq sequences with other Taq sequences are unlikely to be seriously
affected by amplification artefacts, as only about one nucleotide difference is expected on
average.

Sequencing errors are an additional more important source of artefactual sequence
differences between clones. Financial constraints meant that only single-pass sequencing using
Li-Cor long-range sequencing was possible. Double pass sequencing would have resolved many
ambiguities but it was beyond the resources available to this project to do so. An empirical
single-pass cycle-sequence error rate for the Li-Cor sequencer was also calculated in this study
by cycle-sequencing four PERV clones in duplicate. Each clone was sequenced bidirectionally
providing 8 duplicate sequence comparisons in size from 650 to 1000 bp. The number of
discrepancies ranged from a low of 1/900 to a high of 7/900. The data were tested for
heterogeneity (Appendix 4.6) by Chi-square analysis (x> = 7.855, df=7, p=0.347). The non-
significant result justifies pooling of the data to obtain an estimate of the sequence comparison
error rate, p of 0.00398860 (28/7,020). Using this observed estimate of p, the cumulative
frequency distribution of errors for a comparison of two sequences 1800 bp long (n=1800) was
calculated in Minitab (Minitab Inc., Version 10 Xtra) using the exact Binomial distribution
(Table 4.7). This table enables interpretation of the results of comparison of all clones shown in
Table 4.4. The probability of getting a comparison differing by more than 12 nucleotides due to
sequencing errors alone is 3.18% (ie less than the 5% significance threshold). If the difference is
more than 16 nucleotides the probability is 0.12%. By choosing an appropriate threshold

stringency, it is possible to reliably distinguish between those clones in Table 4.4 showing
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genuine genetic differences and those where genetic and artefactual differences cannot be
reliably distinguished. Applying this threshold, at least 12 PERV-A, 5 PERV-B and 5

recombinant clones are distinct sequences due to biological differences or PCR introduced errors.

Table 4.7 The Binomial cumulative frequency distribution for comparison error in cycle

sequencing for a 1800 bp sequence comparison (p=0.00398860, n=1800).

Error number (x) Probability(X <x)
11 0.9385
12 0.9682
13 0.9846
14 0.9930
15 0.9970
16 0.9988
17 0.9995
18 0.9998
19 0.9999

Toward the end of this study, PERV-C specific primers were tested in Westran pigs and
amplified the expected size PCR product in several trials. However, these PERV-C PCR
amplifications were unreliable, suggesting that there may be mismatch(es) between the PERV-C
primers and template. Therefore a new set of PERV-C primers may be needed for efficient PCR
amplification and further analysis of this class of PERV. Nevertheless the results indicate that the
Westran line is PERV-C positive. The copy number of PERV-C has been estimated as 8 to 15
copies per genome for specific strains of inbred and outbred miniature pig (Akiyoshi et al.,
1998). There is evidence of variable PERV-C copy number in other pigs. Some pigs have even
been found to be negative for PERV-C (Herring et al., 1999; Bosch et al., 1999). Even though
PERV-C has a narrower host range compared to PERV-A and PERV-B (Takeuchi et al., 1998),
it will be important to further characterise PERV-C in Westran pigs if they are ever to be used for
xenotransplantation.

The sequencing results suggest that a large proportion of PERVs (17/31) are defective due
to premature stop codons in the envelope gene. Indeed, eleven clones have a frame-shift mutation
caused by a deletion of the same nucleotide at position 1135. While some of these clones may
simply reflect resampling of the same PERYV insertion from the PCR product, it is unlikely that
all 11 are. Thus this site may be a hot spot for deletion or reflect independent insertions of
PERVs with the same deletion during the evolutionary history of the pig. Bebenek et al. (1989)
indicated that the reverse transcriptase of HIV-1 is relatively error prone and that errors are non-

randomly distributed. They found base substitution and one-base frame shift mutational hot spots
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mainly due to the template-primer slippage. Subject to further verification, these results are
encouraging as they indicate that a substantial proportion of the PERVs in the Westran line
constitute little potential hazard in xenotransplantation as they are non-functional.

There are a few strategies to identify all potentially active PERVs in the porcine genome.
First, screening a genomic library for intact PERVs could chive this. Secondly, a cDNA
approach could be applied to identify actively transcribed PERVs. Thirdly, an immunological
approach can be used to identify expressed viruses. To eliminate these active PERVs for
xenotransplantation, either knockouts via homologous recombination or breeding strategies could
be considered. Insertional mutation by homologous recombination would knockout the gene.
However it would be difficult or impossible to knockout all active PERVs because there are too
many integration sites over the chromosomes. Further insertionally inactivated PERVs could
regain infectivity through recombination. A breeding strategy also has obstacles. Due to the large
number of integration sites, very (impossibly) large numbers of animals would have to be bred to
identity the small number of animals lacking PERV sites. At the end of the breeding program,
there would still be some constant PERV sites would present and the constant possibility of re-
infection.

Retroviruses package two complete viral genomic RNAs in each virion and this specific
configuration facilitates recombination. Recombination between retrovirus genomes has been
demonstrated during mixed infection with genetically marked avian tumor viruses (Blair et al.,
1976; Kawai and Hanafusa, 1972; Vogt, 1971; Wyke and Beamand, 1979; Wyke et al., 1975),
murine leukaemia viruses (Faller and Hopkins, 1978; Wong and McCarter, 1973) and human
retroviruses (Clavel et al., 1989). Also, exogenous viruses can recombine with endogenous
retroviral sequences (Elder et al., 1977; Stephenson et al., 1974; Weiss et al., 1973). Recently,
new recombinants between species have been discovered. For example, BaEV (baboon
endogenous retrovirus) is a recombinant retrovirus containing type C gag-pol genes and type C
env gene which probably arose by recombination of two primate viruses (Mang et al., 1999; van
der Kuyl et al., 1997). Similarly, RD-114 of cats is a recombinant between env of BaEV and
gag-pol of PcEV (Papio cynocephalus endogenous retrovirus) (van der Kuyl et al., 1999). The
three types of recombinant PERVs reported here thus have ample precedent among retroviruses
in other species.

However, the possibility that the recombinant clones are PCR artefacts can not be
excluded. Zylstra et al. (1998) reported artefactual recombinant sequences for the murine
immunoglobulin germline V gene generated by PCR and detected by sequencing about 1 kb of
cloned PCR products. Interestingly they found that Pfu polymerase generated a higher percentage
of recombinant artefacts than Tag. The number of artefacts increased with the number of

amplification cycles, and pseudo-recombination events were located throughout the whole PCR
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product with no preferred sites of template exchange. In the present study, at least one of the
apparent recombinant PERVs is more likely to be a genuine recombinant because three clones
showing the same recombination pattern with two DNA polymerase were found (Fig 4.9).
However, conformation of the reality of the recombinant clones will require their amplification
directly from genomic DNA template using recombinant-specific primers. This remains an
important task for the immediate future.

Recombinant sequences create a problem for phylogenetic analysis. Most phylogenetic
analyses assume that sequences evolve independently. Therefore more different sequences
separated further in the past. In other words, more similar sequences shared a common ancestor
at a less distant time. Recombination draws some odd conclusions in the phylogenetic analysis
because the relationship of the sequences does not reflect independent evolutionary history but a
genetic exchange. To solve this problem, a method called “sister-scanning” was recently
developed to detect the occurrence of recombination, allow for it in the phylogenetic analysis,
and provides some systematic way of representing its occurrence (Gibbs et al., 2000).
Unfortunately, sister-scanning analyses of the PERV sequences reported in this present study
could not be performed in time for inclusion in this thesis.

The occurrence of recombinant PERVs also provides a salutary reminder of the potential
for recombinational repair of defective retroviruses and for recombination of human and porcine
retroviruses during xenotransplantation. Defective PERVs could possibly regain infectious
potential through recombination. Furthermore PERVs could recombine with human endogenous
retroviruses to generate totally novel retrovirus. Thus these results corroborate the
recombinogenic potential of retroviruses and highlight the potential danger of intra and/or

interspecies recombination of PERVs in xenotransplantation.
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Chapter Five

Physically Mapping PERVs

5.1. Introduction

Pigs (Sus Scrofa) have a diploid chromosome number of 38 (18 pair of autosomes and XY
sex chromosomes). The standard G-banding and R-banding karyotypes have been reported in
pig, dividing the chromosomes into cytogenetically defined regions by systematically described
landmarks (Gustavsson, 1988). The standard R-banded karyotype has been used for mapping
PERVs. Fig 5.1 shows the pig R band karyogram and its ideogram.

PERVs, as described in Chapter 4, have a potential infectious risk in relation to
xenotransplantation. Le Tissier et al. (1997) and Akiyoshi et al. (1998) reported about 50 copies
of PERV in the pig genome, of which 10 to 20 copies could correspond to full-length proviruses
(Akiyoshi et al., 1998).

Rogel-Gaillard et al. (1999) reported 62 PERV -positive clones found by screening a Large
White porcine BAC (bacterial artificial chromosome) library using specific primers for the
protease gene of type-C retrovirus. The PERV clones were analysed using PERV-A and -B
specific envelope primers, showing that 28 clones contained PERV-B, 12 clones contained
PERV-A envelope, 6 clones were positive for both types and 16 clones were negative for both A
and B envelope types. Ultimately, 33 BAC clones containing PERV sequences were mapped by
FISH to 22 distinct locations on 14 chromosomes including X and Y. The pig used for making
the BAC clones for FISH mapping of PERV in this study was an outbred commercial Large
White animal (Rogel-Gaillard et al., 1999). Of course such outbred animals may not be the most
suitable for xenografts. In this study, the main focus is on the inbred Westran line of pigs where
there is expected to be no or little variation between animals in the sites of hybridisation. The
locations found in two Westran animals will be compared with those reported in Large White.

The FISH experiments presented here were carried out at both The Queen Elizabeth
Hospital and the Waite Campus, University of Adelaide, Australia with the help of Dr Graham C.
Webb, a molecular cytogenetist. | generated all the clones, made all the probes and assisted in the
hybridisation. Dr Webb scored all PERV signals on the Westran pig chromosomes.

In addition to the FISH experiment, PERVs were physically mapped using a technique

developed by Dr Yi-Mo Deng from the Department of Microbiology, Prince of Wales Hospital,
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NSW, Australia in conjunction with A/Prof Chris Moran, to amplify by PCR one of the two
unique flanks of a repetitive locus (in this, a PERV) and then use this to map the insert
physically. This method yields a unique sequence tag for the site and this enables physical
mapping on, for example, a somatic cell hybrid panel. The overall process for this method is
illustrated in Fig 5.2. The porcine genomic sequences were first amplified by PCR using a
PERV-specific primer and a porcine SINE-specific primer. PCR products were cloned and those
sequences that contained PERV-flanking regions were selected using a second-round PCR and
cloning. This method obviates the need for individual library construction or linker/adaptor
ligation, and can be used to locate individual sites of moderately repeated, dispersed DNA
sequences in the genome (Deng et al., submitted). To evaluate this method, a PCR product

comprising a sequence flanking a PERV was mapped using a porcine-rodent somatic cell hybrid
panel.

&

R e )
R
UL
O T 3
NINIDa
Axya
T ]

N
w

-
et

=

AR DA
EE =
T

- 3 y
IE ? X
5 8- & &
} . &5 B 8 R0 SR - oE
' Z‘ a 48 ] a8 TR f _h
y o2 g VBV A
9 E CE 10 1 12
8 9
&R B, REECRE LR
58 i g -
- WEE RE
M - 1} E: i 16
‘ =E;-:£ g =h ’7 E.
E:(" 14 15
B
n

w

M Positive R-Bands
O Negative R-Bands
Variable Bands

Fig 5.1 Pig R-band karyotype and ideogram (Source: Rgnne et al., 1987).
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Fig 5.2 Strategy to amplify a PERV junction fragment. A PERV flanking sequence was
initially amplified with a PERV-specific envelope primer and a SINE primer. New flanking
primers (p4 and p5) were designed based on the flanking sequence information and used to
physically map the site using the French somatic cell hybrid panel (Figure courtesy of Dr
Yi-Mo Deng and A/Prof Chris Moran).

Thus two separate mapping experiments are presented in this Chapter; large scale,
comprehensive FISH mapping of PERVs in two inbred Westran pigs and evaluation of a new
mapping method for dispersed repetitive loci using semi-specific PCR cloning and a somatic cell
hybrid panel.

5.2. Materials

5.2.1. Animals

White blood cells were cultured from two male Westran animals (No 115 and No 167). No
115 is the most inbred animal from the 5™ generation of full-sib mating. No 167 is the son of No

115 from a sib mating.

94



5.2.2. Probes for FISH

Two randomly chosen PERV clones, Tag-82 and Tag-9, were used to as probes for PERV-
A and PERV-B, respectively as previously described (Section 4.4). To improve the efficiency
and specificity, the PERV inserts were excised from the vector by EcoRI restriction digestion
(Section 2.8).

5.2.3. Primers for precise mapping of a PERV junction

A pair of primers, p4 and p5, was designed by Dr Yi-Mo Deng based on a PERV junction
fragment sequence (Table 5.1 and Fig 5.2) obtained from a commercial Large White x Landrace

crossbred animal.

Table 5.1 The primer sequences, PCR conditions (MgCl, concentration and annealing
temperature) and expected product size for amplifying the genomic junction fragment
flanking a PERV-B.

Primer sequences’ MgCl, Annealing Expected
concentration | Temperature size (bp)
p4.5’-TCACACCACCTGCTACCTTTCC-3’ 2mM 60 °C 115bp
p5. 5’-TCTGATGTGCCAACTGTGATTA-3’

p4: forward primer; p5: reverse primer

5.2.4. Somatic cell hybrid panel

The somatic cell hybrid panel and the methods for its analysis are as previously described
(Sections 1.3.2.2 and 3.4.8).

5.3. Methods
5.3.1. FISH

5.3.1.1. Lymphocyte cell culture

Westran pig blood was collected in 10ml vacutainers containing lithium heparin by Dr
Wayne Hawthorne and Dr Richard Allen at the Westran breeding facility at Karuah, NSW. The
vacutainers were inverted to mix the lithium heparin to prevent coagulation and were transported

by air to Adelaide within 12 hours of collection. 5ml cultures are prepared under aseptic
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conditions and cultured at 37 °C for 72 hours. The cultures were inverted once or twice in this
time to optimise growth of the cells by preventing the cells from sedimenting out of the solution.

The composition of the culture media is outlined below.

Aminomax Basal + supplement medium (Gibco-BRL) 100 ml
Phytohaemagglutinin (PHA, M-form, Gibco-BRL)* 2mi
Pokeweed Mitogen (PWM, 1 mg/ml, Sigma) 500 pl

Penicillin (10,000 Units/ ml), Streptomycin (10,000 Units/ ml),

and Fungizone (25 pg/ml) (PSF, Commonwealth Serum Laboratories) 200 pl
Glutamine (0.2 M) 1ml
Heparin 200 pl

*Given the unidentified nature of this extract, it is not possible to assign weight/volume values on the
active material in the final product (Gibco BRL product and reference guide, Life Technologies)

300 pl blood was added to each 5ml of culture medium and incubated at 37 °C. To
synchronise cells in mid-S phase, 300 pg/ml of thymidine (Sigma) was added 24 hours before
finishing cell culture. At day three, the cells were rinsed three times with Dulbecco’s phosphate
buffer saline (PBS, Commonwealth serum labs), each time centrifuging at 1,000 rpm for 10
minutes and then discarding the supernatant. They were suspended once again in the culture
medium to which 5-bromodeoxyuridine (5-BrdU, Sigma) was added to a final concentration of
20 pg/ml and FDU (5-flourodeoxyuridine, Sigma) to a final concentration of 0.5 pg/ml. After
incubating for six and half hours, Colchicine (Sigma) (2 drops of 100 pug/ml from a 1 ml syringe
per culture) was added 10 to 20 minutes before finishing incubation in order to disrupt the
mitotic spindle and accumulate cells at metaphase.

To harvest the cells, they were first centrifuged at 1300 rpm (695 x g) for 10 minutes. The
supernatant was removed and 12 ml hypotonic 0.075 M KCI solution (pre-warmed to 37°C) was
added. The cells were incubated at 37 °C for 20 minutes in the hypotonic. 3 ml fixative (3:1
methanol-acetic acid) was then added to the cells in the hypotonic solution. This was centrifuged
at 1400 rpm (745 x g) for 10 minutes. The supernatant was removed. 6 ml of 3:1 fixative was
then added directly to the cells which were resuspended and then centrifuged at 1600 rpm (850 x
g) for 7 minutes. This fixation and centrifugation step was repeated. Finally 1 ml fixative was
added to the pellet and the cell was resuspended. A drop of the suspension was dropped onto a
slide to check cell density under a light microscope. If it was necessary to alter cell density, either
additional fixative was added or the cells were spun down in 6 ml fixative by centrifugation at
1600 rpm (850 x g) for 7 minutes and then resuspended in a smaller volume. Finally slides were
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prepared by dropping 3 drops of the suspension from a Pasteur pipette onto each slide. slides,
cleaned at manufacture, were further cleaned by soaking in 5 % Decon 90 (Selby) and rinsing
with running tap water, each for approximately 2 hours. The slides were then rinsed in distilled

water and three changes of 100 % ethanol. They were then dried vertically.

5.3.1.2. Making PERV FISH probes

To label PERV probes with Biotin, a BioNick™ Labeling System (Life Technologies) was
employed for nick translation. To check the efficiency of incorporation of the biotin label,
tritiated label was incorporated at the same time. 1 uCi of *H dATP (Amersham) was dried in a

1.5 ml Eppendorf tube. The following were then added:

10 x dNTP mix containing biotin-14-dATP (kit) 5ul
1 pg of probe DNA 1l
distilled H,0O bring total volume up to 45 ul
10x enzyme mix containing DNA polymerase | and DNase I (kit) 5ul
Total 50 pl

The reaction tube was briefly centrifuged and the labeling reaction was incubated for 1
hour at 16 °C. 5 pl of Stop Buffer (BioNick™ Labeling System, Life Technologies) was then
added. Unincorporated nucleotides were separated from the labeled DNA probe using a 5 cm
Sephadex G 50 (Pharmacia) column in a short Pasteur pipette plugged with sterile, non-absorbent
cotton wool. The column was washed twice with TE (pH 7.6). Then 55 pl of reaction mixture (50
pl of reaction and 5 pl of Stop Buffer) was carefully layered onto the column. For the first
fraction, 445 pl of TE was carefully layered and the first fraction was collected. After that, the

following fractions were collected by adding the same amount of TE in Eppendorf tubes:

Fraction number Volume
1 500 pl
2-10 100 pl

11-14 500 pl

To determine the success of the nick translation reaction, a Liquid Scintillation Counter

(Beckman) was used to measure incorporation of the tritiated tracer in a small aliquot from each
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fraction. 2 pl samples of each fraction were mixed with 150 pl distilled water and 1.5 ml BCS
scintillation fluid (Amersham) in a numbered scintillation tube. The tubes were dipped in ethanol
and wiped carefully to remove any static electricity before counting. The scintillation counts for
each fraction showed that there are two major peaks, indicating the incorporated tritium (°H) for
the first peak and unincorporated tritium for the second peak. The fractions representing the first
peak were pooled into a single tube and the incorporation percent was calculated. Over 10% is
considered adequate incorporation. 50 pg sheared salmon sperm DNA (Promega) was added per
100 ng of probe to assist in precipitating the probe and to compete with the probe for non-
specific binding to the chromosomes, thus reducing background labelling. 1/10" volume of 3 M
sodium acetate (pH 5.2) and 2.5 volume of absolute alcohol was added to precipitate the probe,
which was mixed well and left at —80 °C for 30 minutes. After centrifugation for 10 minutes at
14,000 rpm, the supernatant was discarded and 200 pl of 70 % ice-cold ethanol was added to the
tube. Again, the supernatant was removed and the pellet was air dried at 37 °C for 10 minutes. 40
ul of probe mix, containing 12 pl of probe in water, 8 pl of 10 x SSCP (1.2 M NacCl, 0.15 M
NaCitrate, 0.1 M Na,HPO,, 0.1 M NaH,PO,, pH 6.0) and 20 pl of 20 % dextran sulfate in

formamide, were then combined.

5.3.1.3. In situ hybridisation of PERV probes to chromosomes

Slides were immersed for 1 hour at 37 °C in 100 pg/ml RNase solution in 2 x SSC. The
slides were rinsed 4 times with 2 x SSC for 2 minutes each and dehydrated through 35 %, 70 %,
95 % and 100 % ethanol for 2 minutes, respectively. The slides were then air-dried. Two Coplin
jars, one containing slide denaturation mix (70 % deionised formimide, 2 x SSC, pH 7.0) and
another empty jar were pre-heated at 70 °C. Slides were pre-heated in the empty jar and
transferred to the denaturation mix for 2 minutes with gentle agitation. The denatured slides were
immediately put into the cold (about —10 °C) 70 % ethanol and agitated for 2 minutes. This step
allows the chromosomes to stay denatured. The slides were then dehydrated through an ethanol
series (70 %, 80 %, 95 %, 100 %) for 2 minutes each and drained with the frosted end down.

Meanwhile, 22 X 50 mm coverslips were dipped into 70 % ethanol, dried and polished.
The pre-made probe mix was briefly heated to 75 °C and mixed thoroughly. After brief
centrifugation, the probe mix were denatured at 75 °C for 10 minutes and placed on ice for at
least 2 minutes. 40 pl probe mix then were loaded onto each slide in a line of droplets. The slides
were covered with coverslip and sealed with rubber cement. The slides were hybridised

overnight at 37 °C in a sealed box. After hybridisation, they were stored at 4 °C.
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5.3.1.4. Stringency rinses

To remove any non-specifically bound probe, high stringency rinsing solution (50%
formamide, 2 X SSC) was dispensed into three Coplin jars and two of them heated to 39 °C in a
water bath. To remove the hybridisation mix, the slides were quickly rinsed in the rinse solution
at room temperature. The slides were then washed twice in the high stringency rinse solution for
10 minutes at 39 °C with shaking to remove any non-specifically bound probe. The slides were
then rinsed twice in 2 X SSC solution for 5 minutes at 37 °C with shaking and rinsed in 1 X SSC
solution for 10 minutes at room temperature with shaking. The final washing was carried out in a
solution containing 4 X SSC and 0.05 % Tween 20 (Promega) for 3 minutes at room temperature

with shaking.

5.3.1.5. Immunochemical detection of biotin label

When all rinsing steps were finished, excess moisture was removed from the slides by
tapping the edge of slides on paper towel. 100 pl of 4 X SSC/1.0 % w/v bovine serum albumin
(BSA) was dropped onto each slide. The slides were then covered with coverslip and incubated
in a moist chamber for 10 minutes. 1.0 pl of Avidin-FITC (Vector Labs) per 200 pl of 4 X SSC/1
% BSA was thoroughly mixed. The coverslips were removed and the edge of each slide was
tapped on a paper towel to remove excess moisture. 70 pl Avidin-FITC mix was placed onto
each slide. The slides were covered with coverslips and incubated in the moist chamber for a
minimum 40 minutes at 37 °C. The coverslips were again removed and rinsed twice with 4 X
SSC/0.05 % Tween 20 for 5 minutes each at 37 °C with agitation. 1.0 pl of biotinylated goat
anti-Avidin (Vector Labs) per 100 pl of 4 X SSC/1 % BSA was thoroughly mixed. Then 70 pl
biotinylated goat anti-Avidin mix was placed onto each slide. The slides were covered with
coverslips and incubated in the moist chamber for at least 40 minutes at 37 °C. The coverslips
were then removed and the slides rinsed twice with 4 X SSC/0.05 % Tween 20 for 5 minutes
each at 37 °C with agitation. Again, 70 pl Avidin-FITC mix was placed onto each slide. The
slides were covered with a coverslip and incubated in the moist chamber for a minimum of 40
minutes at 37 °C.

After finishing the above amplification step, the final rinsing was carried out. The
coverslips were removed and rinsed twice with 4 X SSC/0.05 % Tween 20 for 5 minutes each at
37 °C with agitation. The slides were rinsed once with 2 X SSC for 2 minutes and then rinsed

twice with PBS for 2 minutes respectively.
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5.3.1.6. Staining and viewing of chromosomes

The chromosomes were stained in 5 pug/ml of propidium iodide in PBS for 5 minutes with
agitation. The slides were then rinsed three times in PBS for 20 seconds each with agitation. The
excess PBS on the slides was removed by tapping on paper towel and 80 pl of PPD11 (p-
phenylenediamine dihydrochloride, pH 11) (Lemieux et al., 1992) mountant was placed on the
slide. A 24 X 60 mm coverslip were placed onto the slide and the excess mountant was removed.
The slides were dried and then sealed with nail varnish.

The slides were examined under blue excitation to give yellow FISH signals and orange
stained chromosomes. Photos were then taken of well spread metaphases using colour-positive
slide film (ASA 400, Fujichrome).

5.3.1.7. Scoring of FISH signals

FISH signal, appearing as yellow grains on R-banded chromosomes, was scored and the
data plotted onto pig standard R-band ideograms of about 300 bands (Gustavsson, 1988). 20 cells
were counted in each animal (No 167 and No 115) for each of the PERV-A and PERV-B probes.

5.3.1.8. Statistical analysis of hybridisation signals

The Z test (Ewens et al., 1992) was used in this study to analyse the cumulative FISH
data from 20 metaphase cells to determine the significance of each hybridisation location. This
test was originally designed for analysing grain counts from radioactive in situ hybridisation but
is ideally suited for the present situation where there are multiple sites of hybridisation which
must be distinguished from background labelling. The null hypothesis is that there is no preferred
site of hybridisation. This hypothesis is equivalent to the assumption that any given hybridisation
event will occur on segment i with probability p; (p; = length of segment i, relative to the length
of all chromosomes combined) and is to be tested against the alternative hypothesis that there is
some (unknown) segment, called segment j, containing a hybridisation site at which there is an
increased probability of hybridisation. In statistical terms, if Prob(i) is the probability of

hybridisation to segment i, the null hypothesis and alternative hypothesis become
Ho: Prob(i) = p;,

Hi: Prob(i) = 8p;, i #],
Prob(j) =1-6+ 8p;
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where @ is an unknown parameter (0 < 6 < 1),

j is an unknown number of set (1, 2, ..., k)

(Ewens et al., 1992).

To calculate Z,,, the test statistic Z; is calculated for each segment i using the equation.

Zi = (ni—npi)//npi(1-pi)

where n; = the number of grains counted in i chromosomal segment

n = total number of grains

pi = length of segment i, relative to the length of all chromosomes combined

(Ewens et al., 1992).

The site(s) giving the highest Z; (ie Zna) is identified. If this value is significant as judged
by comparison with threshold values provided by Ewens et al. (1992) (see Table 5.2), the site(s)

is eliminated from the analysis. A new set of Z; are calculated excluding the significant site, and

the next Z. is identified and tested for significance. The process is applied recursively until Zx

is no longer significant.

Table 5.2 5%, 1%, and 0.1% significance points for Z,,, (taken from Ewens et al., 1992).

k' 5% 1% 0.1%
70 3.19 3.63 4.18
80 3.23 3.66 421
90 3.26 3.69 4.24
100 3.29 3.72 4.26
110 3.32 3.74 4.29
120 3.34 3.77 431
130 3.36 3.79 4.32
140 3.39 3.80 4.34
150 3.40 3.82 4.35

'number of segments being tested.

5.3.2. PCR conditions for somatic cell hybrid mapping

PCR amplication was performed using 20 ng of somatic cell hybrid panel DNAs, 1 X PCR
buffer (Perkin Elmer), 2 mM MgCl,, 40 uM each of dNTPs, 0.5 unit of AmpliTaq Gold DNA

polymerase (Perkin Elmer) and 400 nM of each primer (Table 5.1) in a 25 pl reaction volume.

The PCR cycling conditions included an initial denaturation of 1 min at 95 °C followed by 35
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cycles of 30 seconds at 95 °C, 30 seconds at 60 °C, and 30 seconds at 72 °C, with a final 20

minutes extension at 72 °C using a PTC-100 Programmable Thermal Controller (MJ Research,

Inc).
5.4. Results
5.4.1. Incorporation of biotin

The incorporation of biotin was inferred from the incorporation of tritium tracer in the
BioNick labelling process. Table 5.3 shows incorporation % for the tritium label estimated by
comparing the counts incorporated into the probe with the total count for the PERV-A and
PERV-B labelling reactions. Noting that 5 pul of 0.1 mM biotin were used in the BioNick process,
The biotin incorporation was estimated from these percentages (Table 5.3). It is evident that the
efficiency of biotin incorporation into the PERV-A and PERV-B probes is very similar,

indicating that there should be no difference in FISH signals due to properties of the probes.

Table 5.3 Calculated incorporation rate of tritium (*H) and the amount of biotin

incorporation for each PERV probe labelling reaction.

PERV-A
Probe counts Total Counts *H incorporation Biotin incorporation
(cpm) (cpm)
3863 38903 9.93% 49.65 pM
PERV-B
Probe counts Total Counts *H incorporation Biotin incorporation
(cpm) (cpm)
4080 43293 9.42 % 47.1 pM

5.4.2. Chromosomal distributions of PERVs

For animal 115 with the PERV-A probe, 478 grains were found distributed over 106
chromosomal segments (Fig 5.3), giving an average density of 4.51 grains per segment. 745
grains were found over 131 positions from animal 167 with the same PERV-A probe (Fig 5.4),
giving a higher mean grain density of 5.69. The pooled PERV-A FISH signals across these two
animals (115 + 167) are presented on a secondary plot with mean density of 7.84 (1223

grains/156 chromosomal positions) (Fig 5.5).
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Similarly, hybridisation of the PERV-B probe to metaphases from animal 115 and animal
167 were scored (Fig 5.6 and Fig 5.7). Pooled PERV-B FISH results were also obtained (Fig
5.8). The mean grain density with this probe is 3.6 (342 grains/95 positions) for animal 115.
Again animal 167 had a higher mean density of 4.44 (560 grains/126 positions). The pooled
mean density is 6.05 (902 grains/149 positions) from the results across two animals (115+167).
The hybridisation data for animals 115, 167, and the pooled results across the two animals for the

PERV-A and PERV-B probes at each chromosomal locations are presented in Appendix 5.1.
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Fig 5.6 The locations of PERV-B in animal 115 detected by FISH. The vertical scale is
number of grains. The 5% significance threshold for the Z,, test is indicated. Arrows
indicate most likely band location of PERVs.
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The results just quoted (and summarised in Table 5.4) show that the PERV-A probes
generated stronger signal (more grains) that the PERV-B. Also it is evident that the overall signal
intensity is stronger in animal 167 than animal 115. A difference in the quality of the cultures,
where cells from animal 167 grew better than cells from 115, which had to be treated with

Fungizone, is the likely explanation for this difference.

Table 5.4 Chi-square contingency analysis of number of grains for PERV-A and PERV-B
probes in animals 115 and 167. The expected values based on the null hypothesis of equal
total numbers of grains for each probe and each animal are shown in parentheses.

Animal Probe

PERV-A PERV-B Total

115 478 342 820
(471.93) (348.07)

167 745 560 1305
(751.07) (553.93)

Total 1223 902 2125

X} =0.299, p =0.585

Chi-square homogeneity analysis (Mead et al., 1993) shows that there is no interaction
between animal and probe (Table 5.4). This means that it is valid to test the pooled marginal
totals separately for the effects of animal and probe against the null hypothesis of equal number
of grains (signal intensity). For the comparison of PERV-A versus PERV-B signal intensity, the
result is X? = 48.79 with one degree of freedom, indicating a very highly significant deviation
from expectation: the PERV-A probe hybridised much more strongly than PERV-B, presumably
due to a larger number of PERV-A inserts. Another chi-square test was performed to compare

the results of the two animals. The result provides even more significant evidence (Xl2 =

110.69) for deviation from the expected equal signal intensity. The most likely explanation for
this difference is the superior quality of the chromosome cultures and spreads from animal 167.

Znax test statistics have been calculated for the hybridisation data from animals 115 and
167, and the pooled results across the two animals (Tables 5.5 to 5.10). In this analysis, each site
of hybridisation was taken as a different segment. It was assumed as a first approximation that
each segment, is the same size. It should be noted that since both animals were males, segments
on the sex chromosomes (X and Y chromosomes) occur only half as often as autosomal
segments in these two animals, and this has been taken into account in the Z,,, statistic.
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Table 5.5 Z, test for PERV-A hybridisation in animal 115 (20 cells scored).

Chromosomal location Number of grains Zmax Significance level
13g4.1 46 19.064 0.1%
Yq 14 9.049
5g2.1 22 8.549
12p1.3 18 6.845
Yq 9 6.117
1q1.2 16 6.031
Ypl.l 8 5.714
7pl.3 15 5.679
9g2.4 15 5.679
Xp2.1 6 4,797
12pl.2 12 4,552
Yq 5 4.163 1%
1q1.8 11 4.118
3pl.4 11 4.118
1791.4 11 4,118
2pl.4 10 3.856
603.5 10 3.856
791.5 9 3.464 5%
12pl.4 9 3.464
12g1.1 9 3.464
5pl.1 8 3.223 N.S.
6pl.5 8 3.223
693.4 8 3.223
13g4.1 8 3.223
Xp2.2 4 2.920
Xql.3 4 2.920
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Table 5.6 Z,a« test for PERV-A hybridisation in animal 167 (20 cells scored).

Chromosomal location Number of grains Zmax Significance level
13g4.1 46 16.467 0.1%
Ypl.l 22 12.979
9g2.4 36 12.840
12p1.3 32 11.508
1791.4 30 10.962
791.5 27 9.927

Yq 14 9.364
502.1 24 8.823
591.2 19 6.920
603.5 19 6.920
5pl.2 17 6.265
12pl.2 17 6.265
1q1.2 16 6.048
7pl.3 16 6.048
12pl.4 16 6.048
6pl.4 15 5.955
9g2.5 15 5.955
191.1 12 5.408
2pl.a 13 5.311
3pla 13 5.311
5pl.3 13 5.311
5ql1.1 13 5.311
12g1.1 13 5.311
Xp2.1 7 5.061
Ypl.3 6 4.440
12g1.2 9 3.741 1%
5pl.4 8 3.211 N.S.
791.4 8 3.211
13g4.3 8 3.211
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Table 5.7 Z. test for PERV-A hybridisation data pooled across two animals (115+167).

Chromosomal location Number of grains Zmax Significance level
13g4.1 92 29.346 0.1%
12p1.3 50 15.790
992.4 51 15.738
Ypl.l 30 15.639
502.1 46 14.713
1791.4 41 13.179

Yq 23 13.166
791.5 36 11.549
1q1.2 32 10.224
7p1.3 31 10.041
6qg3.5 29 9.676
12pl1.2 29 9.676

Yq 15 9.533
Xp2.1 13 8.499
5p1.2 25 8.395
12p1.4 25 8.395
3pl4 24 8.309
5g1.2 24 8.309
2pl.4 23 8.217
992.5 22 8.141
12g1.1 22 8.141
5g1.1 20 7.551
6pl.4 20 7.551
1q1.8 18 6.901
1pl.1 16 6.043
12g1.2 16 6.043
5pl.3 15 5.777
13g4.3 14 5.506
Ypl.3 7 5.169
6pl1.5 13 5.081
5pl.4 12 4.753
6p1.3 12 4.753
603.4 12 4.753
13g4.1 12 4.753
1602.1 12 4,753
7ql.4 11 4.674
Xp2.2 6 4,524

Yq 6 4,524
5pl.2 10 4,181 1%
3pl.5 9 3.667 5%
1792.1 9 3.667
1q1.7 8 3.198 N.S.
202.1 8 3.198
12g1.3 8 3.198
1491.3 8 3.198
17q1.2 8 3.198
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Table 5.8 Z,a test for PERV-B hybridisation in animal 115 (20 cells scored).

Chromosomal location Number of grains Zmax Significance level
12g1.1 38 17.995 0.1%
1491.3 32 15.873
16g2.1 21 10.475
992.4 19 9.762
17g2.1 18 9.588
17g2.1 13 6.816
12g1.2 11 5.750
1p2.2 9 4,595
502.1 9 4,595
11p1.3 9 4,595
12p1.2 8 4.333
591.2 7 3.739 0.5%
7pl.2 7 3.739
14q1.4 6 3.212 N.S.
1792.2 6 3.212

Table 5.9 Z,a test for PERV-B hybridisation in animal 167 (20 cells scored).

Chromosomal location Number of grains Zmax Significance level
12g1.1 50 21.386 0.1%
992.4 31 14.252
1491.3 33 14.154
1602.1 33 14.154
1p2.2 22 9.988
1792.1 18 8.102
Xpl.3 10 8.024
11p1.3 17 7.769
501.2 16 7.413
13g4.1 15 7.035
1792.1 15 7.035
992.5 12 5.614
12p1.2 12 5.614
12g1.2 12 5.614
11pl.1 11 5.416
17q1.3 10 4.907
8p2.2 9 4.504

Yq 5 4.303
7pl.1 8 3.933 1%
14q1.5 8 3.933
Xp2.1 4 3.467 5%
502.1 7 3.417
7pl.2 7 3.417
992.3 7 3.417
5g1.1 6 2.928 N.S
1692.2 6 2.928
1791.2 6 2.928
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Table 5.10 Z,, test for PERV-B hybridisation in pooled across two animals (115+167).

Chromosomal location Number of grains Zmax Significance level
12g1.1 88 33.032 0.1%
1491.3 65 25.151
16g2.1 54 21.471
992.4 50 20.548
17g2.1 36 14.812
1p2.2 31 12.884
17g2.1 28 11.790
11p1.3 26 11.121
591.2 23 9.891
12g1.2 23 9.891
12p1.2 20 8.826
Xpl.3 11 8.165
13g4.1 17 7.415
502.1 16 7.032
992.5 16 7.032
7pl.2 14 6.217
14qg1.5 14 6.217
11pl.1 13 5.904
Ypl.l 7 5.633
1791.4 12 5.437
7pl.1 11 4,948
1602.2 11 4,948
8p2.2 10 4.648
992.3 10 4.648
7pl.2 9 4,197 0.5%
1791.2 9 4,197
1p2.1 8 3.707 5%
5g1.1 8 3.707
17g2.3 8 3.707
Xp2.1 4 3.254 N.S.
Xpl.1 4 3.254
7pl1.3 7 3.246
12p1.3 7 3.246
16g2.1 7 3.246

5.4.2.1. PERV-A locations

There are 20 significant sites in animal 115 and 26 in animal 167 (Table 5.5 and Table
5.6). For the pooled data, there are 41 significant sites (Table 5.7). However, it is highly unlikely
that there are so many sites of PERV-A insertion. In many cases, significant sites are in adjacent
or contiguous bands and are almost certainly the results of “spillover” of signal between bands.
To choose one example from many, the site at 992.5 in Fig 5.5 is almost certainly spillover from

the major peak at 992.4.
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After making allowances for adjacent/contiguous significant sites, there are 14 major
PERV-A peaks identified in animal 115 and 17 major PERV-A peaks identified in animal 167
(indicated with vertical arrows in Fig 5.3 and Fig 5.4). The differences in PERV-A major peaks
between 167 and 115 are on chromosomes 1, 5 and 6. In chromosome 1, there are two significant
peaks (1ql.2 and 1q1.8) observed in animal 115 but only one location (1g1.2) was significant in
animal 167. The peak in the position 1q1.8 is significant in the pooled results across two animals
(Fig 5.5). Animal 167 has a peak at the same location but it falls below the significant threshold
in the analysis of 167 data alone. On the basis of pooled results it is assumed that the location
1g1.8 is a genuine PERV-A location in Westran pigs. There are four significant locations (5p1.3,
5pl.2, 591.2 and 5g2.1) on chromosome 5 in animal 167. Only one location (592.1) was
observed in animal 115. When the pooled results across two animals were analysed, all four
locations are significant. It is quite clear from the pattern of peaks and troughs that chromosome
5 has at least 3 PERVs sites. These sites are apparent in animal 115 but due to the lower overall
hybridisation intensity are not significant in this animal. Similarly, the site on 6p1.4 is significant
in animal 167 but is not significant in animal 115, lying below the significance threshold in the
analysis of 115 data alone. The significant pooled results indicate that the location 6pl.4 is also a
genuine PERV-A location in Westran pigs.

Thirteen of the significant PERV-A major peaks identified above (1q1.2, 2pl.4, 3pl.4,
5¢2.1, 693.8, 7pl.3, 791.5, 9g2.4, 12p1.3, 13g4.1, 17ql.4, Xp2.1, Yq) are identical in animals
115 and 167, confirming that these locations have genuine PERV-A insertions. There are another
five strongly suggestive PERV-A locations (1g1.8, 5pl.3, 5pl.2, 59l1.2, 6pl.4), which are
significant in one animal but are present below the significance threshold in the other animal.
The site at 16g2.1 is also a suggestive PERV-A location: although it is significant only in pooled
results, the pattern of peaks is identical in both animals. Therefore there are 19 PERV-A
locations, including suggestive locations, identified in the Westran line. The results are quite
consistent between the two Westran animals, as expected. However, the Westran PERV-A

locations are quite different from those of Large White pig (Table 5.11).
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Table 5.11 Sites of significant major PERV-A peaks in Westran animals 115, 167 and
pooled results for these two animals. The published PERV-A locations in Large White pig
are also presented.

Animals Published PERV-A locations®
115 (20 cells) | 167 (20 cells) | 115+167 (40 cells)
191.2 19l1.2 191.2
191.8 191.8
1g2.1
1g2.3
1g2.4
2pl.4 2pl.4 2pl.4
3pl.4 3pl.4 3pl.4
5pl.3 5pl.3
5pl.2 5pl.2
5g1.2 591.2
502.1 502.1 502.1
6pl.4 6pl.4
603.5 603.5 603.5
7pl.3 7pl.3 7pl.3
791.5 791.5 791.5
8pl.2
9g2.4 9g2.4 9g2.4
12pl.3 12pl.3 12pl.3
1394.1 1394.1 1394.1
1394.2
13qg4.3
13q04.9
16g2.1
1791.4 1791.4 1791.4
Xp2.1 Xp2.1 Xp2.1
YqQ Ypl.l Ypl.l Ypl.2

'Based on Rogel-Gaillard et al. (1999).

5.4.2.2. PERV-B locations

There are 10 significant sites of hybridisation in animal 115 and 17 significant sites in
animal 167 (Table 5.8 and Table 5.9). However, after allowing for the adjacent and contiguous
sites apparently affected by “spillover” of hybridisation signal (Fig 5.6 and Fig 5.7), it is
reasonable to conclude that there are 9 significant major peaks in animal 115 and 13 in animal
167. The differences between animals 115 and 167 are the peaks on chromosomes 8, 13, X, and
Y. All these different PERV-B locations are significant in animal 167 but are not above
background in animal 115 (Fig 5.6 and Fig 5.7). However, they are significant in the pooled
results across the two animals (Fig 5.8).
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Nine significant PERV-B major peaks (1p2.2, 592.1, 7p1.2, 992.4, 11p1.3, 1291.1, 1491.3,
1692.1, 17g2.1) are identical in animals 115 and 167, confirming these 9 as unequivocal PERV-
B locations in the Westran line. There are 4 more suggestive locations (8p2.2, 13g4.1, Xpl.3,
Yq) in Westran pigs. When these PERV-B locations are compared with the published PERV-B
locations in Large White (Gogel-Galliard et al., 1999), 4 PERV-B sites, located on chromosomes
7,9, 13, and 17, are identical or very close, indicating that these are probably common PERV-B
insertions in these two breeds (Table 5.12).

Table 5.12 Significant PERV-B location in animals 115, 167 and pooled results for these

two animals. The published PERV-B locations in a Large White pig are also presented.

Animals Published PERV-B locations®
115 (20 cells) | 167 (20 cells) | 115+167 (40 cells)
1p2.2 1p2.2 1p2.2
4pl.1
502.1 5q1.2 5q1.2
7pl.2 7pl.l 7pl.2 7pl.2 - pl.l
8p2.2 8p2.2
992.4 992.4 992.4
992.6
10pl.2
11pl.3 11pl.3 11pl1.3
11gl1.4
1291.1 1291.1 1291.1
13g4.1 13g4.1
1394.2
1491.3 1491.3 1491.3
1492.8
1692.1 1692.1 1692.1
1792.1 1792.1 1792.1 1792.1
Xpl.3 Xpl.3
Yq Yq

'Based on Rogel-Gaillard et al. (1999)

5.4.3. A physical location for a PERV junction fragment

To evaluate the method presented in Fig 5.2, the PERV junction fragment cloned by Dr
Y-Mo Deng was mapped on the somatic cell hybrid panel. Analysis of the amplification pattern
in the 27 porcine-rodent somatic cell hybrid clones (Yerle et al., 1996) allowed regional
assignment of the PERV junction PCR product to porcine chromosome 17 (1/2 g2.1) - 2.3 with
98% concordance (Chevalet et al., 1997) (Fig 5.9, Fig 5.10 and Appendix 5.2).
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Rogel-Gaillard et al. (1999) have reported that two BAC clones containing PERV-B
envelope sequences map to porcine chromosome 17g2.1 in a Large White pig. This suggests that
the PERYV junction reported here is the same as the PERV-B site mapped by them. Also, analysis
of PERV-B FISH data in the inbred Westran pig shows strong positive signals at this same
location on pig chromosome 17 with a PERV-B envelope sequence probe (See Fig 5.6, 5.7 and
5.8).

123 45 6 7 8 9 10 11 12 13 14

115 bp

15 16 17 18 19 20 21 22 23 24 25 26 27 P

Fig 5.9 PCR results of the PERV-B junction fragment in the 27 somatic cell hybrid clones
from the French panel, separated in a 2% agarose gel. Clones 1-19, hybrid cells with
Chinese hamster background; Clones 20-27, hybrids with mouse background. Note that the
hybrid clones 21 and 22 are positive for the 115 bp fragment, as is the pig control DNA
template (P). Mouse and hamster controls were run on a separate gel and no PCR products
were obtained under the same PCR conditions.
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Pig chromosome 17

Fig 5.10 Diagram representing the presence of fragments of porcine chromosome 17 in each
hybrid clone deduced from cytogenetic and genetic analysis of the hybrid panel (Yerle et
al., 1996). Note that amplification in clones 21 and 22 is consistent with the site being
located in region C (ie 17q ¥%22.1 - g2.3).

5.5. Discussion

To investigate the distributions of PERVSs in the Westran line of pigs, PERV-A and PERV-
B envelope probes were hybridised onto the metaphase chromosome spreads of two highly
inbred and closely related animals. The FISH results show that there are at least 13 PERV-A and
9 PERV-B definite locations and a further 6 PERV-A and 4 PERV-B possible locations. The
higher number of locations for PERV-A than PERV-B is more like the pattern that Le Tissier et
al. (1997) found for European pigs than for Asian pigs and is contrary to the expectation from
analysis of Westran mitochondrial DNA sequence. However the European versus Asian
distribution of PERV-A and PERV-B was not accurately estimated by Le Tissier et al. (1997)
and some Asian breeds could possibly have more PERV-A than PERV-B. Alternatively the
Asian mitochondrial DNA found in Westran pigs may be the result of introgression into a
predominantly European nuclear genetic background. Le Tissier et al. (1997) showed that
PERV-A proviruses are present at between 10 to 23 copies and PERV-B between 7 to 12 copies
in different pig breeds, providing without any information of PERV locations. On average,
inbreeding is as likely to cause loss of a PERV si