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Appendix B: Materials, buffers, media and solutions 

 

B1:  Suppliers of the materials used in this study 

Supplier Product 

Amersham Biosciences pMOSBlue blunt ended cloning kit, TempliPhi DNA Sequencing Template Amplification 

Kit, [
3
H] thymidine 

Applied Biosystems Amplitaq Gold polymerase, Dye-terminator Cycle Sequencing kit 

BDH Glycine, glycerol, magnesium chloride, potassium bi-phosphate 

Bio-Rad Biolistic
®
 1.6 Micron Gold, Criterion XT precast gels, RC/DC Protein Assay, XT MOPS 

Running Buffer, XT Sample Buffer, XT Reducing Agent, Bio-Safe Coomassie 

Celtic Molecular 

Diagnostics 

mouse anti-bovine IFN-γ mAb CC302 

Centaur Eutha-Nase 

Costar Half-area 96-well plates 

Gibco BRL Products Concert Rapid PCR Purification kit 

Highveldt biologicals Foetal calf serum 

Immonodiagnostik rabbit anti-bovine IFN-γ anti-serum 

Inqaba Biotec Primers 

Invitek Invisorb
®
 Spin Plasmid Mini Two kit, MSB

®
 Spin PCRapace kit 

Invitrogen pET102/D-TOPO® expression system, Platinum
®
 pfx DNA polymerase kit, RPMI-1640 + 

GlutaMAX-l 

Macherey-Nagel NucleoBond Xtra Maxi purification Kit, Protino
®
Ni 1000 prepacked columns kit 

Merck Biosciences Acetone, calcium chloride, chloroform, citric acid, ethanol, glucose, isoamyl alcohol, 

methanol, potassium chloride, sodium carbonate, sodium mono-phosphate, tri-sodium 

citrate, tryptone, Tween-20 

Millipore Corporation dH2O, PVDF membranes, MAIPS 4510 Multiscreen-IP filtration plates 

Montanide ISA50 

MP Biomedicals Penicillin, streptomycin 

Novagen Overnight Express Autoinduction system 1, BugBuster
®
 Protein Extraction Reagent 

Ondestepoort Biological 

Products 

Elsevers medium, PBS 

Packard BioScience Ultima gold F scintillation solution 

Pfizer Liquamycin/LA 

Pierce SuperSignal
®
West Pico Chemiluminescent substrate 

Promega Ethidium bromide solution, isopropyl-β-D-thiogalactopyranoside (IPTG), Pfu polymerase, 

pGEM-T Easy cloning kit, shrimp alkaline phosphatase, T4 ligase 

Qiagen QIAquick PCR Purification Kit, QIAprep 8 Miniprep Kit, 

Roche Anti-His6 antibodies, DNAse I, High Pure PCR product purification kit, High Pure 

Plasmid Isolation kit, Restriction endonucleases (BamHI, EcoRI, SalI and XbaI) 

Sigma Ampicillin, anti-rabbit IgG alkaline phosphatase conjugate, bromophenol blue, 

concanavalin A, Dulbecco’s PBS, Fast BCIP/NBT substrate tablets, Hank’s Balanced 

Salt Solution, Histopaque®-1077, 2-mercaptoethanol, percoll, phenol, proteinase K, 

RNase, spermidine, trypan blue 
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Supplier Product 

Stratagene Klenow Fill-In kit 

TaKaRa Bio Inc. TaKaRa Ex Taq, TaKaRa recochips 

USB Agar, boric acid, EDTA, HCl, magnesium sulphate, potassium bi-phosphate, SDS, 

sodium chloride, Tris base 

Walac 96 well glass fibre filters 

White Sci Agarose 

Zymed HRP-goat-anti-mouse IgG 

 

 

B2:  Preparation of buffers, media and solutions 

B2.1.  Buffers for general laboratory use 

Ampicillin 

Prepare a stock solution of 10 µg/ml by dissolving 50 mg ampicillin in 5 ml dH2O. The solution was filter 

sterilised and stored in aliquots at -20ºC. 

 

1M IPTG  

Dissolve 1.19 g isopropyl-β-D-thiogalactopyranoside in 50 ml dH2O.  Sterilise by filtration, aliquot and 

store at -20ºC. 

 

LB Agar plates 

Dissolve 10 g tryptone, 5 g yeast, 10 g NaCl and 15 g bacto-agar in 800 ml dH2O. Adjust volume to 

1000 ml with dH2O and sterilise by autoclaving.  Allow to cool to 55ºC and add the appropriate amount of 

antibiotics before pouring the plates.  Store at 4ºC. 

 

LB broth 

Dissolve 10 g tryptone, 5 g yeast and 10 g NaCl in 800 ml dH2O. Adjust volume to 1000 ml with dH2O and 

sterilise by autoclaving.  Store at 4ºC and add appropriate antibiotics prior to use. 

 

SOC 

Buffer consists of 20 g tryptone, 5 g yeast extract, 0.5 g NaCl and 2.5 ml 1 M KCl.  Adjust pH to 7 with 

NaOH, make up to 970 ml and autoclave.  Add sterile 1 M MgCl2 and 20 ml sterile glucose prior to use.  

 

10x TBE 

Dissolve 108 g Tris base, 55 g boric acid and 7.44 g EDTA in 800 ml dH2O. Adjust volume to 1000 ml 

with dH2O.  

 

X-gal 

Dissolve 400 mg 5-bromo-4-chloro-3-indolyl-β-D-galactoside (X-gal) in 20 ml N,N’-dimethyl formamide.  

Aliquot and store at -20ºC. 
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B2.2.  Western blots buffers 

Blocking buffer 

Dissolve 1 g bovine serum albumin in 100 ml 1x PBS. 

 

Transfer buffer 

Dissolve 9.1 g Tris base (38 mM), 43.25 g glycine (288 mM) in 1700 ml dH2O and add 300 ml methanol 

(pH ~8.3-8.4). 

 

Wash buffer 

Dissolve 500 µl Tween-20 in 1000 ml 1x PBS. 

 

B2.3.  ELISpot buffers 

Blocking medium 

RPMI-1640 medium supplemented with 10% heat inactivated foetal calf serum. 

 

Coating antibody 

Dissolve mouse anti-bovine IFN-γ mAb CC302 in sterile PBS (100 µg/ml), aliquot and store at -20ºC. 

 

Carbonate/bicarbonate coating buffer 

Buffer consists of 15mM Na2CO3 and 35 mM NaHCO3.  Adjust pH to 9.6, and filter sterilize. 

 

Complete RPMI-1640 medium 

Add to RPMI-1640 + GlutaMAX-l: 10% foetal calf serum, 5 x 10-5 M mercaptoethanol, 100 U/ml penicillin 

and 0.1 mg/ml streptomycin.  

dH2O-T 

dH2O with 0.05% Tween-20. 

 

PBS-T 

PBS with 0.05% Tween-20. 

 

PBS-T/BSA 

PBS-T with 0.1% bovine serum albumin 

 

Rabbit anti-bovine IFN-γ antiserum 

Dissolve rabbit anti bovine IFN- γ antibody in 100 µl dH2O and sterilise through a 0.22 µm filter. 

 

Monoclonal anti-rabbit IgG alkaline phosphate conjugate 

Dissolve 1 tablet/10 ml dH2O at room temperature for 30 min and sterilise through a 0.22 µm filter. 

 
 
 



Appendix C 

 204

Appendix C: Primers 

C1: Primers used to complete the genome sequence. 

Primer name Position Primer sequence (5’ > 3’) 

WTHIN992_1F 107 > 127 GGATTAGGACGTATAGGAAGG 

WTHIN992_1R 561 > 539 CAGTTTGTTGTACATGATCCAGC 

WTHIN2864_27R 814 > 793 GGAAACATTTGGTGTTGGTACG 

WGAP49_2F 1050 > 1072 TGAGAATGCTGGATATAGTGTGC 

WGAP49_F 1315 > 1350 TTTTTACAATGATTTATATATAACCCTATACAACAG 

WGAP49walk_1F 1556 > 1583 ACAGAAAAGTAACACCTAATAACAATGC 

WGAP49walk_1R 2467 > 2436 TGTTTGTTGGGTATTGTAGTTAATTATATAGC 

WGAP49_2R 2858 > 2835 TTGTCCAACCATAAAATCTGTACG 

1740_R 3321 > 3298 TTAGAGAAGCTGTGTTAGTTATGC 

WGAP49_R 3331 > 3308 GGTTCAGAAATTAGAGAAGCTGTG 

WTHIN24731_1F 5395 > 5420 CCAGATGTAATAGAAATAGATGCAGC 

WTHIN24731_1R 6977 > 6956 CTCTCCCTACATTTCCTGTAGC 

WTHIN24731_2F 8171 > 8197 TCACATGAAACATAACATTCAATTCCC 

WTHIN24731_2R 9741 > 9717 AGATCTTGCTTTGCAAATAAATCGC 

WTHIN24731_3F 12680 > 12707 GGCATTATTTACAACATGTATTAATGGC 

WTHIN24731_3R 13900 > 13874 CTTGTTAATGATGGTAGATCTATACGC 

WTHIN24731_4R 15023 > 15003 CACCAATGCTTGGATTTTCCC 

WTHIN24731_5F 22812 > 22837 GCATCTAAGTTGAAACGTTTTATCGG 

WTHIN24731_5R 23272 > 23246 AGAAGATAAAAAGGATTGCTGTAATCG 

WTHIN_29208_F 29208 > 29228 TGGTACAATGTTCAAGGAGGC 

WGAP50_F 30429 > 30449 CTGTTTGCATCATCATGGTGG 

1740_F 30466 > 30485 CACCACACTCATCATTGTCC 

WTHIN_30489_R 30489 > 30468 ACAAGGACAATGATGAGTGTGG 

WGAP50_R 30807 > 30780 GCACTGAAAATCAAATATAGACAGAACC 

WTHIN24731_6F 39335 > 39356 TGTAACTCTTGGGTGAGATTGC 

WTHIN24731_6R 40585 > 40561 AGTCGAAGGAATACTATTTGTAGCC 

WTHIN_40819_R 40819 > 40795 AACAGAGGTATTACAATACATTGGC 

WGAP51_F 43727 > 43758 AATCAATTAGTGGATATTATAGATACTGATGG 

WGAP51_R 44893 > 44869 CAACTGGTACATTCAAATCTACACG 

WTHIN_45092_R 45092 > 45067 CCATCTACAAATAGCACATTAGTTGC 

WTHIN_45283_R 45283 > 45261 CTATAGATGCATGTTTACGGTGC 

WTHIN_45361_F 45361 > 45385 TCGAATAGTGATAAACCAGTAGGTG 

WGAP52_2F 45391 > 45414 GTAGGAGGTGCAAAAATATCAACG 

WGAP52_F 45865 > 45886 GGTGGAGGTGACAGTATATGTG 

440_LE 47113 > 47083 CGAAGGATAAGTATTATAGTAAATTGACAGC 

WGAP52_R 48262 > 48236 TTCCAAGTCATATAGTCATATTCCCAG 

WGAP52_2R 48382 > 48361 AAGGTCTGTTTGATCAGTCTCG 

WGAP53_F 57820 > 57849 TTTGTAGTAATTCTGTTACCATCTAATGTG 

WGAP53_1491R 59015 > 58987 CTATATCTCATGTCACAACTATCATATGC 

WTHIN_59186_R 59186 > 59160 CAACAACAATTTGCTATTCTTGTTCAC 

WTHIN1491_1F 60579 > 60605 AGTATTACACATAGGAAGAGTAAGCTG 

WTHIN1491_1R 60811 > 60788 TCAACAGTTGCAAAATTTATCCCC 

WGAP53_1491F 61996 > 62019 TGCTTGTGATTTTATTGTGACAGG 

WTHIN440_1R 62001 > 61976 CAAGCACTTCTTGTTAATAGCTATCG 

WGAP53_R 62593 > 62570 AGTCAACATCCTATCTCAAGACTG 

WTHIN14674_1F 67360 > 67384 AGTAATTGCTAATCAATGCAAGAGG 

WTHIN14674_1R 67682 > 67659 TCCAATACAGTTAACTTACAGCCC 

WTHIN14674_2F 79317 > 79344 AATATATCTGGTCTTGTTTCACATAAGC 

WTHIN14674_2R 79903 > 79879 AAAGAACCAACCTTAACCTAATGAC 

WGAP59_F 80643 > 80670 ATATTAAGCAGCTAAAGTCTTTGTAGAG 

WGAP59walk_1F 81166 > 81195 TGGTATGTTAAAGATAAGATGGTTATTGAG 

WGAP59walk_1R 81770 > 81744 TTTTACGATAGACATCATAACCACATG 

WGAP59_R 82364 > 82335 CATATAACACAATAGTAATAAGGAGGACAC 

WTHIN440_2F 87528 > 87550 TCCCTCCAGATTTGATTAGATGC 

 
 
 



Appendix C 

 205

Primer name Position Primer sequence (5’ > 3’) 

WTHIN440_2R 88170 > 88145 AGAGACTTACATTTACATCCACATCC 

WTHIN_88855_R 88855 > 88834 CCAGCATGATGAGTTAATACGC 

WGAP60_F 92316 > 92344 ACTGATGAAATGATAGAGATACTAACTCG 

WGAP60_R 93556 > 93528 GCATTCGTTAATCATAGTTTATTACATGC 

WTHIN440_3F 111299 > 111325 TCTATGAAAGATAAGCTAAGTGATGGG 

13618_RI 111763 > 111789 GTGTAATATAAGTGTCAACTGAAGGAG 

15457_LE 112323 > 112301 CAACAACAGATCTAAGCTGAACC 

WTHIN15457_1F 112728 > 112756 GTATTGTAATACAGAAGCTCAAGTATCTG 

WTHIN15457_1R 112977 > 112954 ACCTAATACAGAACTATCAGCACC 

WTHIN440_4F 116709 > 116730 GTGCATCAAGTACATCAGAAGC 

WTHIN440_4R 117416 > 117390 ACATCCATATAAGTCTCTTATCACAGC 

15457_RI 123395 > 123417 TGCAAAATAGAAGGAGAAGTGGG 

WTHIN440_5F 124111 > 124136 CTTGGAAAATCAACTTGTATGATGGG 

15288_LE 124137 > 124114 ACCCATCATACAAGTTGATTTTCC 

WTHIN440_5R 124906 > 124882 AGCTACCTTTGACATTTATACCTCG 

WTHIN15288_1F 127329 > 127351 TGTACTGTGTGATACTTGGAGTG 

WTHIN15288_1R 128211 > 128185 TCTACCTAATACAATAACAACAAAGCG 

WTHIN15288_2F 129703 > 129725 CTGCAGTTATGATAAGCAAGGTG 

WTHIN15288_2R 130292 > 130270 GCATAGCAAACTACAGTCACAGC 

WTHIN440_6F 134161 > 134183 GAAAGGAAACAATGACATGGGAG 

WTHIN_1F 134315 > 134343 GTGGAATATTTTAATAATGGACAAGATGC 

WTHIN_1R 135640 > 135617 AACATGTCCTATATGTAGTTGCCC 

WGAP19_F 138617 > 138645 CAAATATTGTATTGATAATTCACTGTGCC 

WGAP19walk_1R 139723 > 139702 CATCCATTAGTAACCATGCTGC 

WGAP19walk_2R 140593 > 140567 GATTTCAGGTAATATGAAGAATGACGG 

WGAP19_R 142129 > 142105 CTGATGACATCAGGTCTTTATTGTC 

WTHIN912_1F 178258 > 178282 CTACATTGCACACATACATCATAGG 

WTHIN912_1R 178733 > 178708 AGATGATAGATTGAAGACCTTAGCAC 

WTHIN_183502_F 183489 > 183511 GATGTTCCTACAGTAACCAAAGC 

WTHIN_184516_R 184503 > 184482 CACATGCATGAACTACAACTGG 

WTHIN912_2F 194799 > 194821 TGGTAAGTGAACTCTTCAAGTGC 

WTHIN912_2R 195553 > 195533 GACAGGAAATAACAAGGCTGC 

WGAP18_F 199220 > 199246 TATTGACATTCAATTCGGAAATATGGG 

WGAP18walk_1F 199598 > 199619 TGTTTGGTAAGTGTAGGAGAGG 

WGAP18walk_1R 200616 > 200590 TCCAATCATATCAAAACACAACATCAG 

WGAP17_F 201214 > 201189 CCACCTAAATCTTCATCATTGATACC 

WTHIN_204439_F 204426 > 204448 GGTGAACCACTTGTAAACATTGC 

WTHIN24663_23R 205295 > 205320 GTTAAAAGTAGGACTGCTGTATTTGG 

WTHIN24663_23F 206059 > 206037 TGCACAAGTCTAACAAGTCACTC 

WTHIN24663_22R 208735 > 208759 TGTTGATGTAGGATTTTGTTATGGC 

WTHIN24663_22F 209611 > 209585 ATACTCGTTAACACTTATTCTAAAGCC 

WGAP18_R 217387 > 217409 CTTTGAGCTATTAATGGTACGGC 

WGAP17_R 218500 > 218471 ACATTTCAAAGATAACAAATCACAATATCC 

WTHIN24663_20R 225283 > 225311 GTTATGTTATATCTATGTGCGGTTTATGG 

WTHIN24663_20F 226046 > 226019 ACTAGATTCACACAATACATATCTCTCC 

WTHIN24663_19R 230805 > 230829 TGCTCATACTTTTGAAATTCAGTCC 

WTHIN24663_19F 231296 > 231269 GTAATACTAGAAGAATTATGCACTGTCG 

WGAP37_F 236390 > 236414 TCATGTAGGAAAGTTTTGTGTTGTG 

WGAP37_R 237392 > 237361 ACCATAGAACATTTCTTTAGTAGTTATATTCC 

18484_RCF 241513 > 241539 GTAGTGATAGGTTTGTAGTGTTAAGTG 

WTHIN24663_15R 243146 > 243172 GATTTGTAGTTTTGGTCATACATGAGC 

WTHIN_243656_F 243643 > 243665 TGGTATGTGAGTATTGCGATTGG 

WTHIN24663_15F 243666 > 243644 ACCAATCGCAATACTCACATACC 

WTHIN_244515_R 244503 > 244483 GCAGCAAGCTATCAAGACAGG 

18484_RCR 244644 > 244614 GATAGTACCATATTCTCTATCATACTTACTG 

WTHIN24663_13R 255834 > 255860 CCCTGGTTTATCTAAATATGGTTTTGC 

WTHIN24663_13F 256412 > 256386 AGGAGAAACAATGATTGTATTAATGGC 

WGAP38_F 269703 > 269731 ATAGCTATGTTATAAGGTGTAATTGAGTG 

WGAP38_R 270006 > 269979 CACATTACCTTTTGCAACTTATAAACAC 

WTHIN24663_11R 270649 > 270678 GTTAGTTAGAACTAGTCTGATAACAATTCG 
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Primer name Position Primer sequence (5’ > 3’) 

WTHIN24663_11F 271698 > 271674 GCTGCATCAGTATATCTTTCATCAC 

WGAP39_F 274371 > 274393 TCGGATACACTAAGAACAACTGC 

WGAP39_R 274762 > 274742 CGCTATCTGGAACTTAGCAGG 

WTHIN_276069_F 276055 > 276077 ACACTATGCTCTCTATGTGATGC 

WTHIN_276967_R 276953 > 276930 CAGAGTTGCTATATCCCTATTCGC 

WGAP40_F 279398 > 279424 CACTGTAAGTTTTGGTATTTAGATGGG 

WGAP40_R 279840 > 279811 ATTTGTAGCATATAATACTATCAGTAGCAG 

24993_RCF 282977 > 282999 CGATCTATGTCTCAAGGTAGAGC 

WGAP41_F 283515 > 283539 TGAAGAGATGCTATCGTTAGTTGAG 

WGAP41_R 283925 > 283905 AATATCCCAGCATTATCCCCC 

24993_RCR 284382 > 284361 AAACTATGGCAGGAGTGATAGG 

WGAP42_F 285508 > 285528 TGCTGATACAGTAGATGCTGC 

WGAP42walk_1R 285933 > 285959 TTTTATGTCTTCTGTCTCTTCTATTGC 

WGAP42_R 286888 > 286865 CTCCATCTTATCTACTAGTTCCGC 

WTHIN24663_9R 295986 > 296011 GAAAGTGTATGCTGATGTATTAAGCC 

WTHIN24663_9F 296960 > 296931 CATCATATCTAGTAACTTTAGGTAGCTCTC 

WGAP103_R 299058 > 299085 TTATAATTCTATGTGGCTAGTCTTTTGG 

WGAP103_F 299445 > 299418 GCACTTAAACACAATTGAAACTTTTGAG 

WTHIN24663_8F 300242 > 300218 GAAACACTTCATATACAGTACCCAC 

WTHIN24663_7R 303780 > 303802 ACCTCTACTAAGACTGAGAGCAG 

WTHIN24663_7F 304262 > 304239 CATATTTCGACCTATTTCTGCCAC 

WGAP102_R 313871 > 313894 AGCGATTTGTAAATGTGTGAAACC 

WGAP102walk_1R 314264 > 314288 TGCTTGATCAAATGAGATTGATTCG 

WGAP102walk_1F 315065 > 315035 GTACTATAGTTGAGATAACGAACATTAAGTC 

849_F 315245 > 315209 ACAATTGATACCTAAGTAGCTACAGTC 

WTHIN_315739_R 315726 > 315704 AAACTACCTACTGAACTACCAGC 

WTHIN23036_1R 318174 > 318200 AGGCATTATTATTATGTTCTTGTTGGG 

WTHIN23036_1F 319336 > 319309 TTGTAGCATGTATTATTAGATCATCAGC 

849_R 339626 > 339654 CTTGAACATACATACCACATATACCTACC 

WGAP101_F 340493 > 340467 GAAGTTGTTATTGATGAAGTCATAGGG 

WTHIN24663_5R 346090 > 346113 TCAGAAATAAGAGGTCATCGTAGG 

WTHIN24663_5F 346592 > 346570 ACTGCCTTTCTCATAAGACTAGC 

WTHIN24663_4R 348908 > 348931 AGACAACAGTATCTTGAGCATACG 

WGAP100_R 349303 > 349332 GTGATTGTTAAGGATATTATTCTATGTTGC 

WGAP100_F 349809 > 349784 GCAAGCTTGATACTTGTTAATCTGTC 

WGAP99_R 350692 > 350716 TTGTAGTACAGATGGAAGGTAAGAC 

WGAP99_F 351186 > 351160 CGATAAAAAGTTGAAACAACGTATCCC 

WGAP98_R 351426 > 351450 TGAGGAAAGAGTTAGTATGCTTAGG 

WGAP98_F 351691 > 351665 AGTACAATACATCGCTATAATAGGGTC 

WGAP97_R 352556 > 352582 TTGTGTGGTCTTGTATTAATAGTTACG 

WGAP97_F 352862 > 352840 AGATTCTGTCCATCATCATGAGC 

WTHIN1639_1R 354298 > 354323 TGCAATAAAATATAAGGCATATGGGG 

WGAP96_R 355056 > 355082 TGTGAGATAATGACTTAACAATATGGC 

WGAP96_F 356303 > 356279 CTAAGCAGTATATTGGATCTTGCAG 

WTHIN24663_3R 356595 > 356618 CAATATTCCTTGTGGTCCTAGAGC 

WTHIN24663_3F 357305 > 357282 ACTCTTTACCCAAAGTAGTAACGC 

WGAP95_R 360602 > 360623 AAAGGTACAGTAACTGGAGAGC 

WGAP95_F 361685 > 361662 GTTATTACTCAGTACCGCATCTGG 

WGAP94_R 362643 > 362668 CCATCATGACCATATAAGTACACTCC 

WGAP94_F 364025 > 364001 ACAAGCTTTACTGTTCCATTTTCAG 

WGAP16_F 371152 > 371178 ACATGACAAGATCTACAAAATCAAGAC 

WGAP16_R 372094 > 372066 AGGAACAATTTGCAAATTCTAAAATTGAG 

WTHIN24663_1R 375188 > 375215 CAACATGTGTAATTGTTACAGATTGGAG 

WTHIN24663_1F 376135 > 376113 TCTTGATAACAGATTGCCTCCTC 

WGAP15_F 384394 > 384421 TGAATTGAAGACTTGATATGTATTCCTG 

912_RI 385013 > 385039 CTTTTGTGTAAAGGAGTATGTACTAGC 

WGAP129walk_1R 385855 > 385835 TCATCAGCACCAAAAACAACG 

1174_RI 386308 > 386289 GAAAACAGCACAAGGCAACG 

WTHIN1174_1R 387585 > 387611 CTTGTAATATGGTCGTTGTAAAATCGC 

WTHIN1674_16F 388823 > 388796 CATATGTTAAGCTATATCTATGCACCAG 
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1174_LE 389080 > 389107 CTGGAGGTTTCTTTTATTGTACTATCTG 

WTHIN1174_1F 389107 > 389080 CAGATAGTACAATAAAAGAAACCTCCAG 

776_RI 389955 > 389926 GTAACCTAATAAATAAGTACTCTCTCAACG 

WTHIN1674_15R 391106 > 391130 GGTGTGTTCATTGTTTTGAGATAGC 

776_LE 392597 > 392623 AGTAACTTGATATTTTGCAGTGTAGTC 

WTHIN1674_15F 392663 > 392634 ACTACTCATTTTAGTACAACTAAGTAGGTC 

2808_RI 392802 > 392774 GTATGTTATGCAAACCATAAACTATTGAG 

WTHIN2808_3R 393364 > 393388 AGATTGAATGAAAACAGTGTTTGGG 

WTHIN2808_3F 393891 > 393872 ACCACCAACAACAGATACCC 

WTHIN1674_14F 393933 > 393910 GAAGAGAGCATTTAACAACATCCA 

WTHIN1674_13R 397364 > 397390 TGGTAGTTAGATATCATGCTGTTTAGG 

WTHIN2808_2R 397365 > 397392 GGTAGTTAGATATCATGCTGTTTAGGAG 

WTHIN2808_2F 398070 > 398045 CATGTTCTCCAACTATCTTAGACACC 

WTHIN1674_13F 398184 > 398159 TTACTTCAATACAAAGCTGATTTGGC 

WTHIN1674_12R 399636 > 399658 AGAGTCAGACAACTTAAGCATGG 

WTHIN2808_1R 399751 > 399775 CGTGTTCTTAATGTACCAAGTTTCC 

WTHIN1674_12F 400783 > 400763 CAAGTTGTCATAGCCTTGAGC 

WTHIN2808_1F 400786 > 400764 CAACAAGTTGTCATAGCCTTGAG 

2808_LE 403289 > 403311 CCGTGTTCTACGTTTAGTGTTCC 

WTHIN1674_11R 403995 > 404018 TCAAAAGTATCACATGTTCACACG 

WTHIN1674_11F 404987 > 404964 GCATATTAGCTGATAAAGGAACCG 

WGAP14_F 405892 > 405868 AGCCTAATTCTAGATCATCATCACC 

WGAP15_R 413104 > 413125 TGTTGGTCGATCAAAGACTCAG 

WGAP14_R 413667 > 413640 TTTGATGTCTAGTTCATACATTTACCAG 

WTHIN1674_10F 414450 > 414424 ACCTTATAAAATCAGCGAACTATAACG 

WGAP13_F 417919 > 417945 TGCAGTTAACGATATTAGAATTGTTGG 

WGAP13_R 418527 > 418501 TTACAAGACCTACTCTATTACTAACCC 

WGAP12_F 425060 > 425086 AGGTGTTCAATAAGGTTGTAAATACTG 

WGAP12_R 425275 > 425250 GTACACTTTAGGACATATAACACTGC 

WTHIN1674_9R 427161 > 427187 GATAGTATCTGTGTTGTGAATATGCTG 

WTHIN1674_9F 427951 > 427925 GTACCTACTTAAACATAACACTCATGC 

WTHIN1674_8R 436561 > 436586 CTTCTGTAGCTCTTCTATAGTTCTCC 

WTHIN1674_8F 437056 > 437035 AAGCAACAATGACGAAGTTACC 

WTHIN1674_7R 462390 > 462413 ACAAGTATTTATTGCACACAGGTG 

WTHIN1674_7F 463320 > 463302 CAAAGCGAGTAGGTGGAGG 

WTHIN1674_6R 464416 > 464441 ACATTGGTATTGTCATACTTACTCCG 

WTHIN1674_6F 465134 > 465112 AAGAACTGGAGTAGATGTAAGCG 

WTHIN1674_5R 470438 > 470465 CTATGATACAACTTAGACATTTCTGGAC 

WTHIN1674_5F 471498 > 471478 ACATCCATCTGCTGAACTACG 

WGAP11_F 472684 > 472710 GCTATATCAGCTGATAAACTTGTTGAC 

WGAP11_1640F 474112 > 474090 ACATATGCAGCTATGGATGTAGC 

WGAP11_1640R 475854 > 475875 TGAGTGTTGTTGTAGTGCAGAG 

WGAP11_R 477196 > 477171 CAATAGCATTAGCTTTCTAAGTGGAC 

WGAP10_F 480631 > 480658 GATGTTAATTTCTGGGTTCTTATCTCTC 

1458_LE 481320 > 481291 GCATATTACTTCCATAAAATCTTCACACTC 

WGAP114_F 483116 > 483138 AGGAAAGTGCTTGTATTGTAGGG 

WGAP114_R 483560 > 483533 CCGTATAGACTTAGTCATAGATGAAACC 

WTHIN1674_4R 483663 > 483686 TCTTCATCTACAGGTTCAGTATGG 

WTHIN1674_4F 484973 > 484948 TCTATAAATAGCTCAGTACTGGAAGG 

4518_RI 488477 > 488500 TGGATTAAGAAGACTAGCATCAGC 

3205_RI 488808 > 488782 GTAGTGCTACTATAAAACCATTACCTG 

WTHIN1674_3R 489262 > 489288 GTGATGCTACAAAATCATATACAGTGC 

WTHIN1674_3F 490724 > 490704 TCGTCTTTCTAAGGAAGGCTC 

WTHIN1674_2R 491999 > 492022 TGCACCTAAGATGTATAAAGTGCC 

WTHIN1674_2F 493588 > 493562 CAAGATAAAGCTATACCTATTGAAGGC 

3205_LE 493914 > 493939 GGATAGTTCATTAATTGATGGTCTGC 

WTHIN21267_2R 494746 > 494770 CTGAGCTTGAAGATATTGTTTACCG 

WGAP10_2178F 494793 > 494768 CATATAGCATTTCACTAATGCATCGG 

WTHIN21267_2F 495472 > 495449 GCACTGCTAGTACTGATCTTAACC 

WTHIN24706_33R 495771 > 495794 GGTATTGTTACGTACTTTTCAGGG 
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WTHIN24706_33F 496233 > 496207 ACTATACATAGCAATACTTACTGGCTG 

WTHIN21267_1R 497454 > 497480 TCATTTAGTATAATCAGTGCATGATGG 

WTHIN21267_1F 498293 > 498270 CATACAGTTTAACGCTAACACTGC 

WTHIN24706_32R 499133 > 499157 CGTAATTCTATAGAAGAAAGCAGGC 

WGAP10_2178R 500006 > 500033 AAATTTATGTTCAAGATTTGTTGTGCTC 

WGAP10_R 500889 > 500860 CAACTATCATAGATAAAATAACAGCTTTGG 

WTHIN24706_31R 508762 > 508784 TCTAGTATTGGCATAGTGGTGTG 

WTHIN24706_31F 509280 > 509259 CAAAGCAGTCACAAGATACACC 

WTHIN24706_30R 515037 > 515059 GCTATTGGATGATTTGGAATGCG 

WTHIN24706_29R 515301 > 515324 AATGCATAAACAGTTTCAGTAGGG 

WGAP93_R 516221 > 516250 GAATATATGACCTCAGCTAATACTAATGTG 

WGAP93_F 516699 > 516679 TCCTATTCCACCTGTCAATCC 

WTHIN24706_28F 517019 > 516996 TCTATCAACAGAGGAACATCAAGC 

WTHIN24706_27R 517288 > 517313 TTGAGTAGTGAGGTAATTTCTAGAGG 

WTHIN24706_27F 518543 > 518517 CTCTAAGTAAAGTACTGAACTTTCAGC 

WTHIN24706_26R 520785 > 520810 GTATGTATTCTTTACGTGAAGATGGG 

WGAP29_R 522165 > 522191 ATTTTTATGCTTTACTACTGGAGATGC 

WTHIN24706_26F 522276 > 522256 AGTTGAAGAGTGTATGGGACG 

WTHIN24706_25R 523580 > 523605 TCGTAAAGAATCATTAGTCAATTGGG 

WGAP29_F 523671 > 52365 CACCAGAACGCCATCCT 

WGAP30_R 524141 > 524158 TCCAGCACATGATCAGCG 

WGAP30_F 524641 > 524620 CCACAAAATGCTGCAAAATACC 

WTHIN24706_24R 526080 > 526104 TCAATGAAATTAACACATCAGCTGC 

WTHIN24706_24F 527864 > 527841 GGAGTAAAACATGCAACTTCTTGC 

WGAP31_R 527897 > 527921 CATTTTTATCTCCTGAACCATACCG 

WGAP31_F 528589 > 528560 ATTACCTCTTAAAAATTTACGAAACATCAC 

WTHIN24706_23R 529007 > 529036 GTATCAAATTGTGTAATAGTTAAGCTTTCG 

WTHIN24706_23F 529990 > 529966 GCAACTCTTAATTGTGTAAATCCGC 

WGAP32_R 532303 > 532328 GTGAGATTTTAGCTAAGCATGATGAG 

WGAP32_F 532681 > 532654 TAGTGATATCATTCAACACAATACACAG 

WTHIN24706_22R 533631 > 533659 GATTATCTCAAATCTAGCTTCTCTATGTG 

WTHIN24706_22F 535193 > 535164 TCAGATTACCATAAGTAATAATCTACCCAC 

WTHIN24706_21R 545074 > 545099 TGTAAAAGTGAGAACAGAGTCTAACG 

WTHIN24706_21F 545885 > 545869 TGGGGTTATGTGCTGGC 

WGAP33_R 546541 > 546560 CTGCAAGAGATTGCGAAACC 

WGAP33walk_2F 547678 > 547653 ACACACAAACATATGTACAAAAGAGG 

WTHIN_547962_R 547946 > 547922 CAAATAACAAAGACGATAGAGCACC 

WTHIN24706_20R 548257 > 548279 GACAGCATTGTTTGTTGTGATCG 

WGAP33walk_1F 548446 > 548470 ACACAGTGGTAAACTATTGTCTAGC 

WGAP33_F 549283 > 549264 AAAAACCAAGACCAACCTGC 

WTHIN24706_20F 549599 > 549578 ACCAAGAAGAACACAAGACCAG 

WGAP34_R 552572 > 552596 ATAAAAGTAGATTGTTGTGGGTAGC 

WGAP34_F 552975 > 552947 CTACATTACCTTAATAACATTCACCACTC 

WTHIN24706_19R 554517 > 554538 GGAAGGTTATGTGTAGCGATGG 

WTHIN24706_18R 555548 > 555571 AGCGTGTAATTTTGATGCTTTGTC 

WTHIN24706_19F 555572 > 555549 TGACAAAGCATCAAAATTACACGC 

WTHIN24706_18F 556494 > 556475 TGCATATAAGACGGCATGGG 

WTHIN24706_17R 563249 > 563273 CTTGAAACAAATTGTCGTCTTCCTG 

WTHIN24706_17F 564204 > 564184 GAATCCACGGAGTTTGAAAGC 

WTHIN24706_16R 566107 > 566130 AGGCGTGATACTATATTTTGAGGG 

WTHIN24706_16F 567494 > 567475 AGCCTAACAGACAATCACGC 

WTHIN22116_1R 567809 > 567836 GTATTCTTCCATTGATTATAACACGACC 

WTHIN22116_1F 568135 > 568109 CATCAAATCCAAAAGTAGACTATACCC 

WTHIN24706_15R 570298 > 570323 GTTTACGTTTGTAATGCTCTTCAAGG 

WTHIN_570833_F 570821 > 570845 AGAGTACACTATCATTCTGTTGGTG 

WTHIN24706_15F 570846 > 570822 ACACCAACAGAATGATAGTGTACTC 

WTHIN_572096_R 572084 > 572058 TGAATACATGAACCAAATTGAAGAACC 

WTHIN24706_14R 572749 > 572771 GGTAATTTGCTGTATGTCTTCGC 

WTHIN24706_14F 573401 > 573378 CACTTATTAATGTTCCTCTGCCTG 

WGAP35_R 574850 > 574875 TAAAGTGTATCGCAATATTAGTTGCC 
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WGAP35_13F 575449 > 575427 TGTATAACATCACCACTTGCTCC 

WGAP35_13R 577433 > 577460 TGTGTACTAATTGGTAATGCATTATTGG 

16700_F 578018 > 577991 ACAGCTGTATTTACCATTTAAACATTCC 

WTHIN24706_13R 580367 > 580391 TGTTTAAGGAATGACAAATCTCACC 

WTHIN24706_13F 581133 > 581114 ACATATAGGCTGGTACAGCG 

WTHIN24706_12R 582829 > 582851 CAGAACACGTGATACAAATTGCC 

WTHIN24706_12F 583305 > 583281 GAACATCACTACCAATCTCTAAAGC 

WTHIN24706_11R 585166 > 585186 CTGTCCTCCAGTTTCCATAGC 

WTHIN24706_11F 585476 > 585458 AACACTCCACAACAGACCC 

WTHIN24706_10R 586251 > 586273 TCAGTACGAAGTATTCTTGAGGC 

WTHIN24706_10F 586830 > 586802 GTCATAAGAAGATATGGATTATCAGTAGC 

WTHIN24706_9R 593237 > 593262 TGAACAAATGTCTTTAGTTGATGCTC 

WTHIN24706_9F 594158 > 594133 GCATTTTGGTAAGGACATCTAATTCG 

WGAP36_R 595679 > 595706 TTAGTGTGAATGTGGTTATATAACAGTG 

WGAP36_2F 596990 > 596968 ACATGGTCTCATAGAAGTTAGGC 

WGAP36_F 597419 > 597399 AGAAACTTGCCCTATTCCAGC 

WTHIN24706_8F 597747 > 597723 CACGATATGGAATTATGAGATGCAG 

WTHIN24706_7R 601012 > 601041 AGCAAATTTCCTATATCTAAGAATAACGTG 

WTHIN24706_7F 602281 > 602254 TTAGTAATTTATCATAGAGCTAACACGC 

WTHIN24706_6R 606101 > 606124 GTGGAAGTTTTTGTAGTGAGTACC 

WTHIN24706_6F 607627 > 607603 AGTGTAGCTTCCATAGATAATCCAG 

WTHIN24706_5R 608296 > 608316 AAGTACTGTGTGCAAGGTCTG 

WTHIN24706_4R 608726 > 608754 GTTCATCATTATGGAAATAGGAAAAGCTG 

WGAP92_R 608978 > 608997 CTGCACAATTTGTTCGGGTG 

WTHIN24706_3R 609572 > 609594 TGGGTGTAGGGTTTAATATTGGC 

WGAP92_F 609881 > 609859 GCATCAAAAGTAACTCTGCATGG 

WTHIN24706_3F 610528 > 610502 GGTACAGATAGAAACCTAAACTGTAGG 

WTHIN24706_2R 615392 > 615410 AGATCATGCAGGATGGCAC 

WTHIN24706_2F 615900 > 615878 ACCGTTGTTATGTAGATCATCCC 

WTHIN24706_1R 617979 > 618001 TCTTCGTGAGGTTCATAATCCTC 

WTHIN24706_1F 618250 > 618228 CCCAATCTAAACTTGCATAACCC 

WGAP112_R 618458 > 618484 AGACTATATCACCATATCGTAAAGACG 

1674_RI 619846 > 619820 CATTATGTCCATCATTAGATTCAGCAG 

WTHIN1674_1R 621066 > 621091 ACTTGCTATTCTTTATTCTAGGGGAG 

WTHIN1674_1R 622066 > 622086 TGACTCACATGTTGCAGATGG 

WTHIN1674_1F 622811 > 622785 GCCTTACACAACTCTTATCATCATCTC 

WTHIN1674_1F 622887 > 622865 TTCGGATCATTATCACCTGTTGG 

1674_LE 623274 > 623301 AATGGTAAAGATATTTCTAGTGTTGGAC 

1519_RI 624641 > 624613 ACTTAGATCCAGAGTTATTATATGACAGC 

1519_LE 626131 > 626156 CAGTTTTTCATATGTTGGAAATGTGG 

1309_RI 628639 > 628663 GATGTGAACATAAACCATTTTCCCC 

2267_LE 629051 > 629028 TGCTGCTGATATAAATACTCCAGG 

2267-2_LE 629326 > 629306 ACGATTATGTTGCACAGAGGG 

WTHIN2267_1F 629465 > 629486 GCATAACAGCCAATAAGATCGC 

WTHIN2267_1F 629596 > 629625 GCAACTATAAAAAAGTGATACACTATACGC 

WTHIN2267_1R 630448 > 630420 AATGCTAGAGCATATAATAAATGTACCAC 

WTHIN2267_1R 630672 > 630652 AGACAACGTATTGTCTGACCC 

WTHIN2267_2F 632078 > 632101 GTAGTTTAAGATAAGCAGCGATCG 

WTHIN2267_2F 632462 > 632493 GTATATCTGGAAATTAAGATAGTGGTTAAGAG 

WTHIN2267_2R 632919 > 632891 TGCTAATTTCAGCTATTCAAAATACACTC 

WTHIN2267_2R 633283 > 633257 CTACTACTACTGTATCATCAGCTTAGG 

2267_RI 634044 > 634069 AGTTATTATCGTTGTCTATTGGAGGG 

WGAP130walk_1R 634683 > 634704 TTGCACTAAATACAACAGCAGC 

WGAP112_2F 636855 > 636828 ACAAAACCAATAACATACTGATAATGCC 

WGAP112_1F 637533 > 637507 ACTAGATTACATAACTAGCCACTACAC 

1309_LE 641215 > 641235 TCCAGATGACAATGCGTATGC 

WTHIN24688_3R 646313 > 646334 CATGTGATACACCATTAGCTGC 

WTHIN24688_3F 647161 > 647135 CCCTAAGTATAACAAATGTCTTACACG 

WGAP91_R 649405 > 649431 AGCATTATATGTACATAAGCATCAACC 

WGAP91_F 650879 > 650853 ACCTATAATAGCATACAGTAGGTTCAC 
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WTHIN24688_2R 652228 > 652252 ATGTTTCTAAGTAACGACAGATTGC 

WTHIN24688_2F 652853 > 652832 GTGTTTTCGACGAAGAAACAGG 

WTHIN_657239_F 657227 > 657249 CCAGAATGTGTTGCTACAATACC 

WTHIN_657714_R 657702 > 657679 ACAGACTTATTAGCAAGTAGTGCC 

WTHIN_660645_F 660633 > 660660 TGTTCTTAATCAATAATCATACCACTGG 

WTHIN_661418_R 661406 > 661384 CCTCCACTTTGTAGTTTCTCACG 

WTHIN1360_1R 662830 > 662854 CAATTCCTATACCATGTTTTCCACC 

WTHIN1360_1F_C 663088 > 663063 AATGAACCACCATATTCAATAGATGC 

WTHIN1360_2R_B 663751 > 663773 TGTAGCTAGCTGTACAATGAGAG 

WTHIN1360_2F_B 664421 > 664397 ACCCAAACATTAATACTGAAGAACC 

WTHIN1360_1R_A 665086 > 665112 AGTTTTGATGCATCATCTAATTCTGTC 

WTHIN1360_1F 665357 > 665328 AAAGATACATTATGATTAGTAATCCTCTGC 

WGAP90_R 666007 > 666032 GACTGTAATGAAATGTCATGACATGG 

WGAP90_F 667254 > 667228 CATACACAACCGTAATTTACTACTCTC 

WTHIN24688_1R 667872 > 667894 GTCTGTTAGTGAGAATTCTTGGC 

WTHIN24688_1F 668421 > 668401 CCAATTAGCATCTTCACCTGC 

WGAP89_R 669482 > 669502 TGCCTTCTGATCATGTTCCAG 

WGAP89walk_1R 669799 > 669822 TGAAGATTCAATGACACAATCTGC 

WGAP89walk_2R 670220 > 670241 AGCATTCTGGTGTAAAATGCTG 

WGAP89walk_2F 671093 > 671073 ACTTGCAAACTCAACAACACC 

568_LE 671677 > 671651 CTATGCAGCATAGTATTATCAGTTTCC 

WGAP89_F 673249 > 673229 CAAGGTAAGAACAACAACGGG 

WGAP88_R 679057 > 679082 GTTAAATCAGTTACAGTAGTACTGCC 

WGAP88walk_1R 679774 > 679800 TGAGTAAGGGTAATTATTAATCGAGGG 

WGAP88walk_1F 680482 > 680453 ACCTGCTTATAATTTATTATTGTCTACCTG 

WGAP88_F 680960 > 680934 AGGCATTGAATCAAATATATGGATACG 

WTHIN_681369_F 681357 > 681336 CTAGAACTGGCAGAATGTTTGC 

WTHIN19567_1R 681478 > 681506 GTTCTAAAATTATAGCAGCAGTACTATCC 

WTHIN19567_1F 681958 > 681935 GATGGTATATCTAGTTGGTGGAGC 

WTHIN2007_1R 682328 > 682353 GACTGTAATGCTTAGCAATTGTAGAG 

WTHIN2007_1F 682591 > 682565 CCCTTATACCTTATATTTGTACATGCC 

WTHIN_684129_R 684135 > 684117 GTCGTTGGAAACCAAGTGC 

WTHIN_685216_F 685204 > 685226 AAAAGCTAAGGAAATCATGAGGC 

WGAP87_R 686334 > 686357 GAGAGCAGCATATGTATGTTATGC 

6654_F 687162 > 687134 GTACAACATTAGTAAGTTCTGAAAAAGTG 

WTHIN568_1F 690695 > 690717 GTTTAAAGTTGCTAATGCTTGCG 

WTHIN568_1R 691164 > 691140 AAGGAAATATAGGGTTAATGCAAGC 

WTHIN_699689_F 699677 > 699702 GGAAGTTTACTTAGTCCTGAAGTAGC 

WTHIN_700846_R 700834 > 700814 AACATGCTTCATCTGTCCTGG 

WTHIN_706368_F 706356 > 706379 TGTGCTTCTTATCATCTTACGACG 

WTHIN568_2F 707467 > 707488 TCTAGTGGGAAGTACACTGGAG 

WTHIN568_2R 708059 > 708039 GTCAGTTGAAGCAATAGCAGC 

25104_RCF 709379 > 709401 AGTATTGATCATATCTGGCGGAC 

699_RCR 710214 > 710188 GTATGCTGGTAAATCTTCTTATTCCAC 

699_RI 710687 > 710714 AATTACTACTGCTAAATAAAACGTAGCC 

WGAP134walk_1R 711359 > 711384 TCTATAGCTGTATGCCTCATATATGC 

WGAP134walk_1F 711965 > 711943 CAAACATGGCATGATAAACTTGC 

10652_F 712830 > 712803 TGATAGTCAATTGTATAGTTAATGTCGC 

WTHIN878_2R 713745 > 713769 GTAGAGAGAACTAGAAAAGGAGGTG 

WTHIN878_1R 714794 > 714824 AGTATCTGATATGTGTTTTAGTATGGTAGAG 

WTHIN878_2F 714829 > 714799 TGTATCTCTACCATACTAAAACACATATCAG 

WTHIN878_1F 716011 > 715984 TGAACAATACAAAATCTTATACGACAGC 

WTHIN_727336_F 727324 > 727349 CTAAAGTAACAGATAAAGAGCAGCTC 

WTHIN2698_5R 727621 > 727642 TCTGAAATGGAGTTACGTGCTG 

WTHIN2698_5F 729140 > 729117 CTATGAGTACAGAATGGATCAGGG 

WTHIN2698_4R 730213 > 730238 AACGATTTAAGGTCTTGGTTTAAACG 

WTHIN2698_4F 731301 > 731278 ACTCATTTCTGAAGCAGGATAACC 

WTHIN2698_3R 731560 > 731587 ACTGGTATTAATGATAGTCCATTACGTC 

WTHIN2698_6F 731717 > 731694 ACTATACTGCAAAAATGAGTTCGC 
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WTHIN2698_3F 732756 > 732730 CAATGAATCGAATTTGTTGTTGTTAGC 

10652_R 740548 > 740575 CAAATAAGCTATGTTTTCTTATAGCTCC 

WGAP85_F 740732 > 740712 AACACCAAGCGAAGAAATTGC 

WTHIN2698_2F 741862 > 741838 CACACAGTCTTTATATGTTGAAGGC 

WGAP84_R 743171 > 743194 CATGTATACCTAATGCATGATGCC 

WGAP84_F 743490 > 743463 ACATAGTGATACAGAAGGTATAACTGAG 

878_LE 744134 > 744162 CATTACTAAAGTACCTCTCTTAAAATCGC 

687_LE 744928 > 744903 CAGAATCCTTAGAATCTTATGATGCC 

WTHIN282_3R 745378 > 745397 GCACTCTTGTAACCAACAGC 

WTHIN282_3F 745944 > 745919 CATACTACTTCAACTTCAGGTAGCTC 

WTHIN2698_1R 746426 > 746448 TCTACAGAATCCCTGTTTATGGC 

WTHIN2698_1F 747184 > 747162 TCAAGTGTACCAACTTTTCCTCC 

WTHIN687_1F 748247 > 748275 TTAGAAGATAATTCTGGAACTAAAGAAGC 

WTHIN687_1R 749165 > 749141 TGGAGCTAGATAATCTTGGTAATGG 

WTHIN687_2F 750693 > 750717 CTCAAAGGAATACAAGACACTATGC 

WTHIN687_2R 751338 > 751313 CAGGTAACGTTTTACACATATTGGAG 

687_RI 751583 > 751604 AGATCATCACGACTCATACCAG 

3395_RI 752565 > 752539 ATCCATAGATCAACTTGTTTATTAGCG 

3395_LE 756698 > 756723 TGAAGATGATATAGATACACCAGCAG 

WTHIN8190_3R 757306 > 757324 CTGAACGTGCTTGGTTGTC 

WGAP108_F 757331 > 757311 TACAATTGACAACCAAGCACG 

WTHIN8190_3F 758853 > 758821 CACAACTAAAAGATAACATACTGTTTAAATCAC 

WTHIN8190_2R 763133 > 763156 ATCCAAAGCCATTAATTCCAAGTG 

WTHIN8190_2F 764033 > 764004 GCATATGAAATACTGAATACGAATGATAGG 

WTHIN8190_1R 764505 > 764525 AACCCAAGTGGTGATAGTCTG 

WGAP111_R 765630 > 765597 CATTCTTTATAATTAGGTAAAGGATATGTATCAC 

2546_LE 766075 > 766049 TTGTTCTATTTTAGATAAACCACCACC 

WTHIN_773698_F 773686 > 773707 AGAGAGTACCAGAAACTGAAGC 

2546_RI 773844 > 773863 ACAACTGACAGTGCTGTACG 

WGAP135walk_1F 774156 > 774181 GAAGCATTAATAGCTGAAGATGAAGC 

761_LE 775710 > 775685 CTTTGATCTGGTAAGGATAGTAATGC 

761_RI 776335 > 776361 CACAATAATAGACATGTTTGAAACAGC 

WGAP135walk_1R 776980 > 776957 TGTTTTTATCCTGTAGTTGTGTTGC 

WGAP111_F 777769 > 777744 GCAGTTTATAGCATCTATTAGGTCAC 

WGAP110_R 781450 > 781476 CTACACACATAACAACAATAGTTAGCC 

WGAP110walk_1R 782077 > 782106 CCAAATTACTACATCAAAATACCTAACCAC 

WGAP110walk_1F 782818 > 782789 TGTAGCTCTATATATAATGTTCTGATGTGG 

WGAP110_F 783197 > 783178 AGTTGGAGTCAAGATGAGCG 

WGAP109_R 791387 > 791416 AAGTCATAATGCTATGATCTTAAGTATGTG 

1932_LE 792365 > 792344 TGCTGTTTGAGGTAAAGTCTGG 

1932_2RI 795195 > 795219 TGTAATTTCTCTATACGACCGATGC 

1932_RI 795400 > 795427 CATAGAAATCTGATACCATCTTACTTCG 

WGAP109_F 796803 > 796778 AGCAATTGAGAGAATTTTTAGTCCAG 

WGAP108_R 799303 > 799331 TCAATAGATTCAATACTCACTGCTATAGG 

WTHIN8190_1F 800281 > 800251 TCTTTATAATTAGGCAAAGGATATGTATCAC 

WTHIN8190_4F 800611 > 800587 CAGTAGTAATCAAGCAGTAACTGTG 

WGAP83_R 804671 > 804691 ACCTACACGAAATACTTCGCC 

WGAP83_F 804977 > 804950 GCTTATTACATTAACAGAAGCTAAGCAG 

WTHIN12708_7F 805423 > 805401 TGATAGGATGGTTTGCTACTAGG 

WTHIN_808166_F 808154 > 808173 TCCTGTGGTAACTTAGCACG 

WTHIN_808749_R 808737 > 808717 TGCTGCTGTATTAACTCCACC 

WGAP82_R 809362 > 809392 GTAGATTTCATTATACAAATTACCTTTGCAC 

WGAP82_F 809740 > 809719 CTGTGCAAGTTACTTCATGTCC 

WTHIN_811768_F 811756 > 811781 GAGTAACTTTGTGTGTAGTATCTTGC 

WTHIN_813027_R 813015 > 812992 TTTCTAAGAAGAATGTGAAGCACG 

WGAP81_R 813322 > 813343 TGCTTTCAAAAGATTCACCACC 

WGAP81_F 813899 > 813877 GCTAATGAAATTGCAGTTGATGC 

WGAP80_R 819878 > 819903 AAGATAAACATGACAAATACTTGCCC 

WTHIN_820343_F 820329 > 820351 TCTGTAACTAAGTCAGCTGTTGC 

WGAP80_F 821189 > 821164 AAAGGATTAACACTAAATAAGGTGGG 
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WTHIN282_4R 829220 > 829240 GTTTGTAAAGGGTGCTACTGC 

WGAP79_R 829676 > 829708 CAGTGCTTTATTGTAATATATACAACATTTCTC 

WGAP79_F 830701 > 830677 AATTTGGATGCTAATAACGTAGCAG 

WGAP78_R 837879 > 837904 AATTTGATAATGTGAGATGGCAAGAC 

WGAP78_F 838322 > 838297 CAAATCCAAGTTCAGAAAGTAGTACC 

WTHIN12708_6R 844241 > 844264 CTGGTATATCATGTTTTGGTGGTG 

WGAP77_R 845088 > 845116 TAACTTACGAATTAATTTCAAGAACCCAG 

16700_R 845673 > 845651 ATGGTGTAACACAGCAATAGGAG 

WTHIN12708_6F 846066 > 846046 TGGCAAATGTAGTACCAGGTG 

WTHIN12708_5R 847499 > 847520 TGCATCTAATGTAGGAGCATCC 

WTHIN12708_5F 848643 > 848618 ACTTGAGTAAGGGTATTTGTTAAAGC 

WTHIN12708_4R 849226 > 849251 GCATAATATGGTATATCACGTTCAGG 

WTHIN12708_4F 850269 > 850248 CAGCGTCTTACGGATATCTAGG 

WTHIN12708_3R 854446 > 854470 AGAATCTGTGCCATCTATATACTGC 

WTHIN12708_3F 854970 > 854948 GATGAATTTCATCCTGCATCTCC 

WGAP28_F 867655 > 867679 ACCACAATATCTCCAGATGATACTC 

WGAP28_R 867882 > 867860 TGGAATTGATGCTGATACTGGAG 

WGAP27_F 868593 > 868617 ACCAATCCACAAAATACTAACTCAC 

WGAP27_R 869125 > 869096 TGATTAGTCATAATTTATGGTAGAACTTGG 

WTHIN12708_2F 869785 > 869760 CCAGCATTGTAATTATCTTGAACTGC 

WTHIN282_2R 870812 > 870838 AAGTATAATACACACAATAACTCTGCC 

WGAP26_F 870963 > 870994 ATTCATTAAATGGATAAAGTACTTTATCAACC 

WGAP26_R 871934 > 871905 GACTATTTGCATTTAGAATGATTGTATTGG 

WTHIN3611_1F 875278 > 875304 CAATTAAACAAGCAGCAAATTATCCAC 

WTHIN3611_1R 875739 > 875708 GTATCAAAGTGATAAAAACTTTAGTATGGTAG 

WGAP25_F 876759 > 876785 AAAGCGTAACATTTAATGTACCTAGAC 

4015_RI 877831 > 877807 TTTGCTAACACATTTTACCAGTAGC 

WTHIN656_2R 881655 > 881674 TCCACATCTGCACTATCACC 

WTHIN656_2F 883235 > 883212 AGTATTAGAACCTGAGTTACAGGC 

WTHIN4015_1R 883583 > 883609 TCCTAATAACACATTTTCATCACTAGC 

4015_LE 884836 > 884856 GCATACTTGATTGTGCAGCAG 

WTHIN4015_1F 884856 > 884836 CTGCTGCACAATCAAGTATGC 

WGAP25_R 885290 > 885270 TGTTGCTAAAGGCTATGCTGG 

WTHIN12708_1R 887946 > 887968 ACTCTATCAACTGCCAAGATAGC 

WTHIN12708_1F 889495 > 889472 GGATGATGGATCAACTAAGACTCG 

WGAP24_F 902868 > 902891 AACTCTAGATCTCCTGAAAGTAGC 

WGAP24walk_1F 903819 > 903846 TTTATCGGTATTACAACTACTCATTCAC 

WTHIN656_1F 903849 > 903824 TTTGTGAATGAGTAGTTGTAATACCG 

WGAP24walk_1R 905594 > 905570 AGGAATTTAGCACATATGATTGTGC 

WGAP24_R 906184 > 906155 TTTGTAGGTATACATTTGAGTTGATATTGG 

WTHIN_907406_F 907392 > 907418 AGAGAGTCAGTATACTACATAACAACC 

WTHIN_908473_R 908459 > 908433 CAAAGTATGATGGGTTATATGTCATCG 

WGAP23_F 918144 > 918173 TCCCAGATACATTTAATAATGATGATTCAC 

WGAP23_R 919004 > 918978 TTACAAGGTAGAGTTTTGTTAATACGG 

WTHIN13950_1R 921036 > 921058 TGCTCAAAACTCAGCAATTACAG 

24983_RCF 922374 > 922344 TTTCAATATAATAAGTGTATTAGGTTGAGTC 

WTHIN13950_1F 922711 > 922684 AACTGATGTTACTATTTTAGGATAGCAC 

WTHIN282_1R 923405 > 923430 TGTGCTATACTAGTTCAATAGCATCC 

WTHIN282_1F 924122 > 924101 AGTCTTCCAACAACACTTACCG 

WGAP22_2R 925773 > 925797 AATACCTACAATCAATCTAGACCCG 

WGAP22_F 925921 > 925948 AATACTGATTTACAGCAGATTATAGCAG 

WGAP22walk_1F 926342 > 926369 AAACCACTATTAATAGTAAACCACTAGC 

WGAP22walk_2F 926909 > 926936 GTAAGGAAGAAAACTTATTCCACTATCG 

WGAP22walk_3F 927530 > 927549 TCAACTGCCTCTGAATGTGC 

WGAP22walk_4F 928127 > 928148 GGGTATGTAGGAAACTTGGTGG 

WGAP22walk_4R 928760 > 928740 TGCTTTGTGTTATCGCCTACG 

WGAP22walk_3R 929486 > 929462 TGGATGTATAATACTTAGGTGCTGC 

WGAP22walk_1R 930111 > 930085 GATGTATTCACATGTTATCATGAGAGG 

WGAP22_R 930592 > 930567 TGAACCTGGGTATTATAAAGATGGAG 

WGAP22_2F 930700 > 930681 GCATGGTACAGGTCATGGTG 
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WTHIN568_4R 931810 > 931830 AAGATCCAACTCCTGTTGAGC 

WTHIN568_4F 933035 > 933008 AACTTAATATTCGTTCCATACATAGCTG 

WGAP21_F 936478 > 936498 TAGTTGCCCCAACTATAGCAC 

WGAP21_R 937548 > 937522 AAGGTTTATGGACATTTAGCTTATAGG 

WTHIN_940940_F 940928 > 940953 CTACCGATAACTGAAAACAATAACCC 

WTHIN_942230_R 942218 > 942197 TCCGTCTTTTCCTGTATATCCC 

WGAP20_F 943418 > 943441 TGTAACATTATCTCGCTGCATAGG 

WGAP20_R 944607 > 944582 ATTATGTAACTGTTGCGTATTGTCAG 

699_RCF 954033 > 954060 CATCAACCTATGTCTAGTGAGTATATCC 

WTHIN568_3R 954533 > 954556 ACACCAAGATCTCATTCGATAACG 

WTHIN10217_1R 955428 > 955454 TCAATTTTCAAATACCCAATAACTCCC 

WTHIN568_3F 955888 > 955864 ACTCACGTATAACTGATCTATGCAG 

WTHIN10217_1F 958420 > 958386 TGATATTAAACTATCTATCTTTTGTAAGTGTACTG 

WGAP76_R 960661 > 960687 CACAATCATATGATTTTGAAACTCTGC 

WGAP76walk_1R 960942 > 960970 AGCTAACAGTTTACTGAATAACATATCAC 

WGAP76walk_1F 962014 > 961989 AGAACTCTAAATGATAATGTCTCGGG 

6654_R 963134 > 963109 TGATGAGTAGATTCACAATAGTTCGG 

WTHIN11030_3R 966121 > 966145 AAGTATATCGCAACATAATGTGAGC 

25104_RCR 966217 > 966238 TTTCATAGCATCCTACCTTCCC 

WGAP76_F 966242 > 966224 TAGGGGGAAGGTAGGATGC 

11030_RI 966520 > 966492 GGTTTTGAGAGTAGTAGATATTTGTTAGG 

WTHIN11030_3F 966660 > 966640 TGACCGAAGTGAATACCAAGC 

WTHIN11030_2R 966978 > 967001 AGTTCCCATTCATTTAGTTTTGCC 

WTHIN11030_2F 968032 > 968008 GTGAACATTTACTAGTGGTACATGC 

WTHIN14308_2R 968270 > 968299 TCTCTAGAAAAGAGAATTACTGTTAGATCC 

WTHIN14308_2F 968620 > 968597 ACAGTAAAGTTTGTAGAGGATGGG 

WTHIN11030_1R 972270 > 972293 TTCACATTGAGTTACAATTCCAGC 

WTHIN11030_1F 973098 > 973072 TCAGTTATAGAGTAAAGAGTTAGGACC 

WTHIN_978928_F 978916 > 978943 CAATCTTAAGGTGATTATCTGTATAGCC 

WTHIN_980451_R 980439 > 980414 AACAGTTATACTTCAAGATGACATGC 

WTHIN14308_1R 980658 > 980686 GATAGATTATTCTTCGAAGATCCATTCAG 

WTHIN14308_1F 981332 > 981307 GGGTGAACAAGAATTGAAATTATTGG 

WGAP75_R 981789 > 981815 AGTCAATCATTATCAACCAACAAATCC 

WTHIN12427_3R 982419 > 982441 CTCAATCATGTATCCGTCAACAC 

WGAP75_F 982426 > 982398 TGATTGAGATATAGATGCTATAGTTGTCC 

WTHIN12427_1R 982729 > 982757 CATGCTACTTTTACCACTATATACAAGAC 

WTHIN12427_2R 983518 > 983543 CCAAAATACAATCTACGTATTCTCGC 

WTHIN12427_2F 983744 > 983719 GTTGGTGCAGTAATAGTGTATAATGG 

WTHIN12427_1F 984446 > 984416 TTATGACTTATGAGTCATATATTAAAGCCAG 

WGAP74_R 1000142 > 1000163 TCTCCATAGCAGCATTATGCAC 

WGAP74walk_1R 1000674 > 1000698 CTCCAGCTTCCTTAATTTTGATAGC 

WGAP74walk_2R 1001178 > 1001204 GGAAGTACAGTTTTTATGGAATGTAGC 

WTHIN_1001515_F 1001545 > 1001571 CAGAATTACAACGCTATATAGTAGCAG 

WGAP74walk_3R 1001916 > 1001936 TCATTCCTGTGTTTCACATGC 

WGAP74walk_4R 1002575 > 1002601 CATTATGTCCTTAGTACTCATAAGCAC 

WTHIN_1002866_F 1002852 > 1002879 CTCACTTCAATCATCTAACAATATAGCC 

WGAP74_F 1004365 > 1004344 GGGAAGTTTGTTTATCCACAGG 

WGAP73_R 1005208 > 1005234 CTATAGCACGAAAATTATTATGACGCC 

WTHIN_1005552_F 1005538 > 1005561 CCAATGCACTAACTACATTAGCAG 

19566_F 1006580 > 1006555 TTGTAATAGAAAAAGTGGCTTTGGTG 

WTHIN2177_1R 1021310 > 1021331 AAGCATGAGTCCTAACTACTGG 

WTHIN2177_1F 1022226 > 1022204 AGTTACGTTGTTGCATTTAAGGG 

2177_RCR 1022347 > 1022370 AGGTAACTGTAAGCTCATTAGTGC 

2177_RCF 1023930 > 1023907 GGGTATAACTCAATGGTAGAGTGC 

19566_R 1028526 > 1028549 CAGAAATTCAGCAGAGTTTAGACC 

WGAP72_F 1031212 > 1031189 GGAGTGTAAGTATGGGTATAGCAG 

WGAP71_R 1034459 > 1034484 CCATATTACTTCATCAAACACCTTGC 

WGAP71walk_2F 1035673 > 1035648 ACAGTTCAAATGATTACCTTATGACG 

WGAP71walk_1F 1036318 > 1036293 GAATTATGGTTTGTGTTATTGCATGC 

WTHIN1575_1R 1036441 > 1036466 ACACTTAATAAAATCAACATCTGCCC 
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Primer name Position Primer sequence (5’ > 3’) 

WGAP71_F 1037712 > 1037686 ATTGATGTGGAATATTGAGTACATAGC 

WGAP70_R 1041036 > 1041062 TTCTCCTGTAATATCATCACTTAGCTC 

WGAP70_F 1042166 > 1042139 GAGACAAAGTATATTTTGATGACCTGTG 

WTHIN1403_1R 1043355 > 1043379 AAACAATCATTCAGATCTACAGCAC 

WTHIN1403_1F 1044372 > 1044350 AGAAGTCATGAGTATCGTTACGG 

WGAP69_3R 1044428 > 1044453 ACTATATGTAGCAATGACTAGAGCTG 

WGAP69_2R 1044786 > 1044811 TTTATACAGTACAATTAATGCCGCTC 

WGAP69_R 1044888 > 1044916 CTGTACCATAACTAGCTACATATAAGACC 

WGAP69_F 1045897 > 1045872 TTTTGATTTGTCTATGACAGCTATGG 

WTHIN1486_8R 1047049 > 1047076 ACTTAAACTCTGTTATCAGATTACTTGC 

WTHIN1486_8F 1047916 > 1047892 AGTATATGATAGGTCAACCTTTGGG 

WGAP68_R 1054385 > 1054406 ATAGTCATAGGACAAGGATGCG 

WGAP68_F 1054602 > 1054580 ACTGTTGGAAGTATAGCACTTGG 

WTHIN1486_7R 1057517 > 1057541 CAAGGAGTTCAAGTAATACCTATGC 

WTHIN1486_7F 1059139 > 1059110 TTTTACTTGTTTCTAGTGTATAATATCCCG 

WTHIN1486_6R 1062578 > 1062603 AACATCAATAATCAAGAAGTCATGGG 

WTHIN1486_6F 1063428 > 1063403 TGTACATGTGATATATTGAGGGATGG 

WGAP67_R 1064530 > 1064552 GCATGCCTGATATTTCAGAATCC 

WGAP67_F 1064981 > 1064954 CAATGTTGCAAGTAAATCTATTAATGGC 

WTHIN1486_5R 1065182 > 1065206 CTATAGGCTTGAAAATCACAAGACC 

WTHIN1486_5F 1066325 > 1066306 TGTGACAAGACTGGTACAGG 

WTHIN1486_4R 1067000 > 1067027 AACTTCAAATAACATTCATGGTATAGCG 

WTHIN1486_4F 1067825 > 1067803 GAGGTGGATTTAATCTGTCTTGC 

WTHIN10971_1R 1071558 > 1071585 CACTCTTATAGGTATAATACAACGTTGC 

WTHIN10971_1F 1072938 > 1072913 CTTACGTTAATAGAAAAGGTGGTGTG 

WTHIN1486_3R 1073040 > 1073065 ACATATCAGCTTCTAGTAAAACCACC 

WTHIN1486_3F 1074680 > 1074658 TGACAGGAGAATTTATTGGGTGG 

WGAP66_R 1077357 > 1077375 TGCAACAGCTGAAGTTTGC 

WGAP66walk_1R 1077985 > 1078005 ACGCAATATTAGCACCTGTCG 

WGAP66walk_1F 1078306 > 1078286 GCTTTGCTTGATGCATATGGG 

WGAP66_F 1079440 > 1079415 TGATATGTATGAATCGTTTTTAGCCG 

WGAP65_R 1085361 > 1085389 GAACTACCATTGTTCCTTATATTATCACC 

19572_R 1085553 > 1085527 CTAGTTGTTACAACAATTTTGATTGGG 

WGAP65_F 1086154 > 1086133 TAGCAGAAAAATTCATGGTGGC 

WTHIN_1086186_R 1086175 > 1086151 AAGATCCTATGTGAGAAACACTAGC 

19572_F 1110043 > 1110067 CTTCACAAGAAAGGCATAATACCTC 

WGAP64walk_1R 1110432 > 1110458 ACTAATATGCTAAAACACACTTATGGG 

WGAP64walk_1F 1111606 > 1111584 GGTGCCATCTTTGTTAGTAATGG 

WGAP64_F 1111768 > 1111741 CCATGTATATAGTGTCATCTTTGAATGC 

WTHIN1486_2R 1114274 > 1114299 CTGTTGCTACTGTTATAACTAAAGGC 

758_RC1_F 1114712 > 1114732 AAGCAGTCAAATACCCATCCC 

758_RC1_R 1115452 > 1115429 TCATGATGTAGTGAGAAAGTGTGC 

WTHIN1486_1R 1115557 > 1115582 TCCTGACATAATAGATTCTATCACCC 

WTHIN1486_2F 1115583 > 1115558 AGGGTGATAGAATCTATTATGTCAGG 

WTHIN1486_1F 1116378 > 1116352 GTGTACTCATGTATTAAGTGATGAAGC 

WTHIN_1125301_F 1125168 > 1125191 TCTCCATCAGAAATAGATAACGAC 

WTHIN24731_6F 1125168 > 1125192 TCTCCATCAGAAATAGATAACGACC 

WTHIN_1126360_R 1126435 > 1126410 GTATTGCTACGGTAATTTATCTGGTG 

WTHIN_1130794_F 1130869 > 1130888 TGTTAGGACATCGTGGATGC 

WTHIN_1131423_R 1131498 > 1131474 CCTTATTGAATATTGTGCATTGTGC 

WGAP63_R 1134132 > 1134162 AGTATAGATTCTACATTCTACATACTACACC 

17139_R 1134211 > 1134239 AAAATAGTCGTAAACTAGTAGCTTATCAC 

WGAP63_1462R 1135280 > 1135252 TTACGATTAATATAATGGTGATGTATGGG 

WTHIN_1136833_F 1136908 > 1136929 TTACTGGTTCAGTATGAGGCTC 

WGAP63_1462F 1137707 > 1137732 CCTTGTACATCTTTCATATAAGCACC 

WTHIN_1137750_F 1137825 > 1137804 GCAGGTCACTTATACAGTCTGG 

1547_LE 1139197 > 1139169 ACTTTATAGCTAGTAGAGTGTGATATTGC 

1547_RI 1141061 > 1141087 ACCAACAAAGAAATAGTTAACACTACC 

896_LE 1141633 > 1141605 TTTAAGGTACATCTATTGTTTAAGGAGTG 

WGAP63_F 1142673 > 1142648 CATAGTATTAGCGGTAGTACGTACAG 
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Primer name Position Primer sequence (5’ > 3’) 

WTHIN13621_1R 1142854 > 1142883 TCCTTTAGATATTCAGTTACAACATGTCAC 

WTHIN13621_1F 1144089 > 1144064 CCATAGATTCTAGTATCAGGCAATGC 

WGAP62_R 1147598 > 1147623 ACACATAATTACACATCATTTGAGCG 

WGAP62walk_1R 1148141 > 1148168 CTTACACTCTATAGTATATCCCGTTAGC 

WTHIN24165_2R 1148782 > 1148806 AACATATTGTATGACAAAGCTCTGG 

WGAP62walk_2R 1149141 > 1149169 TGTAATATCATACATATACTAACAGCGGG 

WTHIN_1149078_F 1149185 > 1149211 TTTCACAATACTCAGTCACTTAATACC 

WTHIN_1150475_R 1150550 > 1150525 CATATACCTTGTTCTTAAGGTAACGG 

14311_R 1150656 > 1150634 AAACGATTTTTGGTGCTATTGGC 

WTHIN24165_1R 1163877 > 1163894 CATCATCAGCTGCTTGCC 

WTHIN24165_1F 1164141 > 1164114 GTTGGTATGTTATCAGTTATTCTCAAGG 

14311_F 1170927 > 1170956 TCAAGGTAAACCAATACTACATATTACCTC 

WGAP61walk_2R 1171088 > 1171112 ACATATCCACACTTACTAAACCCTC 

WGAP61walk_2F 1172236 > 1172212 GTTATTAAGAGCATAGGCAAGTAGC 

WGAP61walk_1F 1172343 > 1172318 ACTGGTATAATGATTATGAATGGGGG 

WGAP61walk_3F 1172389 > 1172365 TGGTAACTCTATTTTGAAAGATGCG 

WGAP61_F 1172904 > 1172878 ATGTAGGTAAATAGCTAAGGTGTATGG 

WTHIN7701_1R 1174702 > 1174723 GCTTACGAACTGTAGAATTGGC 

WTHIN7701_2R 1175366 > 1175390 TGGAGAATTATCAAGTATGTCACGG 

WTHIN7701_1F 1176337 > 1176315 TGATGCAGGTATCATATTGGTGG 

7702_LE 1186937 > 1186960 TTCTACTAGAGTGAGGGTTTATGC 

5054_RI 1187351 > 1187328 TGAAATTTCTAGGGTCAGGATGTG 

WTHIN5054_1R 1193363 > 1193389 TGATTACTATACAAATAACGTGTGGTG 

WTHIN5054_1F 1194065 > 1194042 TGCATATTTCTGCAATGTGTACAG 

5054_LE 1195073 > 1195101 ACACATAGATAAAGTTTTTGACACTATGC 

WGAP121walk_1F 1195326 > 1195351 CAGCTAAAATAATTTAGCTTTGCACC 

WGAP121walk_1R 1196279 > 1196246 TCTTAGATAGTTAATCAGTCTTTACAAATAATCC 

7239_RI 1196509 > 1196489 GTTGCTCCAAAAGAGTTCCAG 

WTHIN1674_2R 1201095 > 1201121 CTTAACAGTAGTTTCACAACTAGAAGC 

WTHIN1674_2F 1202431 > 1202409 CTGACGTTCAAACTATAGAACGC 

7239_LE 1206918 > 1206940 GCATGATGCCTTCAACTAATTCC 

3850_RI 1207731 > 1207703 GTTACACACCATTACATATCATATAGAGC 

WTHIN896_1F 1210444 > 1210467 TCTCACTATTCAATGGTCTATGGC 

WTHIN896_1R 1210802 > 1210777 AAGAGAATATGCATAGATTGAGGGTG 

WTHIN896_2F 1212816 > 1212843 AACCTATATATTCCATTCAATGCTTAGC 

WTHIN896_2R 1213483 > 1213460 TGGTGAAGAAGATATTCAGTTGGG 

3850_LE 1214106 > 1214134 ACCTATATTTTGATGAATCAGAAACACAC 

WGAP188walk_1R 1214639 > 1214671 TCCTTTAGAGATCTATATTTATAATTCAAGCAC 

8192_LE 1215853 > 1215828 TGTGTCTTATGAATTACATGATGCTC 

8192_RI 1226711 > 1226739 ACAATTTCACAATATCTTAATACCAGCAC 

4307_RI 1227652 > 1227631 GGAATACAAGTGATGATGGTGC 

WGAP107_R 1231739 > 1231766 CTTACCAATTTCAAGTCTTAGTATGTCG 

22799_R 1232239 > 1232213 TGTGATTGTGTTTGAAATACTAATGGC 

WTHIN15591_14R 1233931 > 1233954 AACTTAAACACAATTACTGTGCCG 

WTHIN15591_14F 1235634 > 1235611 GCCATTCCTAACTATGTACAGTG 

WTHIN15591_13R 1240369 > 1240396 CAGCAATCATCAGATATATACTTCACAC 

WTHIN15591_13F 1241467 > 1241441 ACAGTACCAATATGCTATTAAAAGTGC 

WPCRJL1_check_1F 1259546 > 1259572 AACACACTGCTCATTATATATACATGC 

WTHIN15591_12R 1259630 > 1259656 TCACATTAACATCAAAGAATTAGGCAG 

WPCRJL1_check_1R 1260938 > 1260912 AGCACTACTAACAATAAACAAATACCC 

WTHIN15591_12F 1261306 > 1261278 AATAACACAACTATAAGGTTAAAGTCTCG 

WL2AP1_check_1F 1281261 > 1281282 ACATTCCACTTAAACTGCATGC 

WL2AP1_check_1R 1282759 > 1282730 GGTATGTTTATCAGTTGTTAAGTACAAAGG 

WTHIN15591_11R 1290476 > 1290499 ACAGTAACAGCAAATATGTGTAGC 

WTHIN15591_11F 1292019 > 1291994 TTTTCGATAACTTTAGAATTGGGAGG 

WTHIN15591_10R 1293749 > 1293775 CACTCATATATATCATGACATCAACGG 

WTHIN15591_10F 1294969 > 1294946 CTCAGTCTTGTAAAATTGTCAGCG 

WTHIN15591_9R 1295571 > 1295598 AGCAATTCATATTTATGCTACAGTATCC 

22799_F 1296151 > 1296177 TTCCAACTTTTCTATCTGATTTTGCAG 

WGAP48walk_1R 1296952 > 1296979 CACAAAACTAGGACTGTTAAAGTTAGAC 
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Primer name Position Primer sequence (5’ > 3’) 

WTHIN15591_9F 1297159 > 1297132 TCATTAAGTGAAAGCTATTGTAATGCTC 

WTHIN15591_8R 1297532 > 1297562 ACTACTACTACTTCAATATCAGTTAATCCAC 

WGAP48walk_1F 1298437 > 1298408 TCAGATTATTAGTCGTAATATTATTGCTGC 

WTHIN15591_8F 1299127 > 1299107 AGGCATTATCAAGAGGTGCAG 

WGAP48_F 1299349 > 1299374 AAGTAGACAATAAATACTCGCTTTGC 

WTHIN15591_15F 1299493 > 1299514 TCGTAACTTCCACAATACTCCC 

WTHIN15591_15R 1300267 > 1300245 AGTGAACAAGAAATCTTGGATGC 

WTHIN15591_7R 1300492 > 1300514 ACAACCCTATTGTACGATTACGC 

WTHIN15591_6R 1301366 > 1301389 AATAACGTGCTTTTGGTCTAATCC 

WTHIN15591_6F 1302260 > 1302235 TCATAATTTGTGGTTGAAAACGAGAG 

WTHIN15591_5R 1306121 > 1306147 GATAACCCACTTAACCTGTATAATCAC 

WTHIN15591_5F 1307235 > 1307209 GTGACATTAATGACATCAACCATAACC 

WGAP47_R 1307594 > 1307623 TGAATCTAGTAACATATGTGATTTGTACAG 

WGAP47_F 1308520 > 1308498 TTTGGTATTGTTGTGTGAAGCAG 

WTHIN15591_4F 1308727 > 1308707 GTCTTTGTCACGACAAATGCC 

WTHIN15591_3R 1312053 > 1312078 TTGTACAGTAGATCTGTACAATACCG 

WTHIN15591_3F 1312865 > 1312842 GATCTTCTTGTTGAGTTACTTGGG 

8028_RCR 1313586 > 1313606 TTGTATTGCCAGTTGTTGCAC 

8028_RCF 1316525 > 1316499 ATGTGTGGATCTAGTAATTCATTAGTG 

WGAP46_R 1320481 > 1320504 AGTAGACAGTATACAAGCGTTTCC 

WGAP46_F 1320949 > 1320922 GGTAAGAATTTTGAGTGTAATTGTTGTC 

WTHIN15591_2R 1325023 > 1325042 TGTTCGACACACTGACATCC 

WGAP45_R 1325281 > 1325309 CAGCAACTATCAAATATACCAAAATTGAC 

WGAP45_F 1326066 > 1326046 GAGTCTGAAAACCCATTTGCC 

WTHIN24586_1F 1330242 > 1330269 CTAAATACTGAGAATTAGGGAACAAACG 

WTHIN24586_1R 1330865 > 1330839 TTGTGAATTCTAGTATCAATCTTGTGG 

WTHIN15591_1R 1331315 > 1331335 AGTAAAAGCAGATGGACTCGC 

WTHIN15591_1F 1332066 > 1332044 CTAGATTTTCACCTTGTGCTACG 

WGAP44_R 1334531 > 1334557 TGTATCAAATACAATTAGTAGCACCAC 

WGAP104_F 1335112 > 1335086 CATGCTAATCTATGTGACAGTAAAGTG 

WTHIN15591_17R 1336756 > 1336777 TCTGACTTAGCAGCAGATAACC 

WTHIN15591_17F 1337040 > 1337020 ACAGGTATTCAATGGTGGAGC 

WGAP43_F 1343829 > 1343852 GCAGATGATTATGTAACAAAGCCC 

WGAP43_R 1344151 > 1344131 AGCTTTTTGCGCAACTTACAC 

WGAP44_F 1347063 > 1347087 CATGCATTACACAGATCTTCAACAG 

WTHIN2266_1F 1348121 > 1348096 CCACACTTTCAGTTCAATCTTATAGC 

WGAP104_R 1348480 > 1348451 GAAATAGGTGTTTATTTCTGTTAGAAATGC 

WGAP105_F 1352191 > 1352214 ACACGTTACCTACTCGTAAAACAC 

WGAP105_R 1352756 > 1352730 TGTAAGTACAGATTGTGTAATTCAACG 

WGAP106_F 1353905 > 1353931 ACTTCATTAATCTCATCATTAGATGGC 

WGAP106_R 1354116 > 1354094 GCAGCAGTTTTATCTGGTAATCG 

WTHIN2864_3R 1354685 > 1354664 TGGAATACTTGGAGATGACAGG 

WTHIN2864_1F 1361969 > 1361993 CATCAGCATTAAAGTAACCTTGTCC 

WTHIN2864_1R 1362667 > 1362646 CACAGCCTCTTAGATGTGTACC 

WGAP113_F 1363692 > 1363717 CAATCATCATAGACTCAACTTACCAC 

WGAP113_2R 1364243 > 1364219 TGAAATGTATACTCTAGACTGGGAC 

WGAP113_R 1364783 > 1364755 GCTATTAAGTGGTATATGTGTTTATCAGG 

WGAP54_F 1369934 > 1369962 TGACAATATATCACCTGACTATTAACCTC 

WGAP54_R 1370929 > 1370906 TAGAGTTTGTATTGGGAGATCGTG 

WTHIN2864_5R 1372623 > 1372598 GAAGTCATTAATTAGTCAATGGAGGG 

WTHIN2864_6F 1376372 > 1376392 ACCTACCACAAACGCTATACC 

WTHIN2864_6R 1377020 > 1376993 TGTTACCTAATAGTTAAGAATGATGTGC 

WTHIN2864_7F 1381544 > 1381572 AATGTAGCAATACAATACTAAGAAAGAGG 

WTHIN2864_7R 1382346 > 1382321 GATGTAATGAAGGAGAATTCTAACGG 

WTHIN_1383570_F 1383645 > 1383665 AGTACCATTTACTCCACCTGC 

WGAP9_F 1384020 > 1384049 CCAAATATTGTATAAACTCTACACTTTCTC 

WGAP9_R 1385340 > 1385314 TTTGATAGTGTTGCTCGATATTATACC 

WTHIN2864_9F 1392168 > 1392190 AATACCCTTCTTTCACAACAAGC 

WGAP8_F 1392370 > 1392396 TTAACACATACCCAATAATACTGAAGG 

WGAP8_R 1392900 > 1392872 CAGTTGAAAATTACTCTGTTAATTACTGG 
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Primer name Position Primer sequence (5’ > 3’) 

WGAP7_F 1395735 > 1395763 ATTACGAAGCTATTACATTAGATGAAGTC 

WGAP7_R 1396093 > 1396064 ATAGGGTGTATATATCTGTATAGATGGTAC 

758_RC2_F 1396151 > 1396180 GATTATGTCAAAAACTAGTCATCTTTTAGC 

758_RC2_R 1397602 > 1397578 GGATATAGTAAGTCAGTGTACTGGC 

WGAP6_F 1402487 > 1402509 CTACTGGTATCTCCATACCAACC 

WGAP6_R 1402652 > 1402634 CAATTCCAGCACCATTGGG 

WTHIN2864_10F 1403051 > 1403071 ACAACAAAGCTGTTTTCACCC 

WTHIN2864_10R 1404039 > 140401 CTGAATCAGAAGATGAAGAATTGTGC 

WTHIN2864_11F 1414133 > 1414157 AGTGATATAGCAATTGATGGAATGG 

WGAP5_F 1414867 > 1414894 ACATGATTGAGAATACCTTACAAACAAC 

WGAP5_R 1415671 > 1415649 ATTGTTTGTGATGGGAATATGGG 

WTHIN_1427957_F 1428033 > 1428056 AGACACGAATCAGGTAAATATCCC 

WGAP4_F 1428287 > 1428311 GATGAAACCACAGAACAAAAAGGTC 

WGAP4_R 1428556 > 1428537 AGATGCTCTCTGCATGTTGG 

WGAP3_F 1438066 > 1438092 GAATATGATGCTATAATAGCTGCTCAC 

WTHIN2864_14F 1439495 > 1439515 AGACCCAAGATCTACAACAGC 

WGAP3_R 1439898 > 1439867 CATGGTAATAATTAAGATAATTTCTGGTGTTG 

WTHIN2864_14R 1440686 > 1440658 GATGTTAATGGGAAGATTAGAGATTATGC 

WTHIN2864_15F 1447197 > 1447221 AGAGACAGAAGACTCAGTATTTACC 

WTHIN2864_15R 1448011 > 1447989 TCGCTGTGATAAAAGCTCTAAGG 

WL2TP1_check_2F 1449621 > 1449649 TCTCAACTATAAACAATAGAGAATTTGGC 

WL2TP1_check_2R 1450313 > 1450291 GCTAGACAAGTTTTGATGTTGGC 

WL2TP1_check_1F 1450778 > 1450805 TCACCCTAAATTCTATCATAATTACAGC 

WTHIN2864_16F 1450873 > 1450898 AGAACACTTGTTTACATATTGCTTGC 

WTHIN2864_16R 1452277 > 1452252 GCAGGCATTAGATAATCTACAAGAGG 

WGAP2_F 1458669 > 1458689 ATTTCCTCCAGTCGTAGTCTC 

WGAP2_R 1458869 > 1458850 GCTGCATTAACACCTAGAGC 

WGAP1_F 1463837 > 1463860 CTTAAACACTTACACCAATGCCAC 

WGAP1_R 1464291 > 1464271 GGCCAGATGAATCTTCGACTG 

WTHIN2864_18F 1466403 > 1466423 ACAACAAGCAAATGTAGCACC 

WTHIN2864_18R 1466907 > 1466882 AGTGTTGCATGAAATACTTTGTATGG 

WTHIN2864_19F 1471341 > 1471365 CTGAACCAATAGTAAAACTTGCAGC 

WTHIN2864_19R 1472505 > 1472477 GAAATAGCATCATAAGAAAGTACTAGGTG 

WTHIN2864_21F 1487529 > 1487552 CCCATTAGTAACATCTGCAATAGC 

WTHIN2864_21R 1488337 > 1488311 GTCATGAACATATTAATGTGTGTCTGC 

WTHIN2864_22F 1489822 > 1489842 GGTGGTGAACTTGGAGTAAGG 

WTHIN2864_22R 1490915 > 1490890 TCAGAATTGATTGAGTAACTTATGCC 

WTHIN2864_23F 1491063 > 1491087 CTTTGGTATAGAAATTGGAGGAAGG 

WTHIN2864_23R 1492041 > 1492016 GTGTTTCCTGTTTAAGGATAAGATGG 

WTHIN2864_24F 1492872 > 1492895 AGCATAGTACGAATACTTAGTGGG 

WTHIN2864_24R 1493373 > 1493349 CTGGTTTAACTAAGGGTGTTTATGG 

WGAP55_F 1498494 > 1498522 ACTGATAGAACATATAAACAACATCACCG 

WGAP55walk_1F 1499373 > 1499395 AGTACACTGCTTTCTCATACCAC 

WGAP55walk_1R 1500174 > 1500152 GTGAAATGTATGCGTAGTAGTTC 

WGAP55_R 1500710 > 1500686 TGGACCTATAGAATTGGTTTACTGC 

WGAP56_F 1505871 > 1505894 CAGAAAATGCAGAAGAAATTGCAC 

WGAP56_R 1506892 > 1506868 GTATTTCTATAATGTCGCATGACCC 

WTHIN2864_26F 1507985 > 1508005 GTTTGGTAAAGTTCGCAGAGC 

WTHIN2864_26R 1509300 > 1509276 CGATTTCTATTACAGGATTTGCAGG 

WGAP57_F 1512265 > 1512287 GAAAATCTACCAAAACGAGAGGG 

WGAP57_R 1513153 > 1513122 ATGCTTATTATAGTGATAATGTTGGATATCAG 

WGAP58_F 1514697 > 1514716 ATAGATGCCCCCATCAAAGC 

WGAP58_R 1515427 > 1515404 AACATGTGGTGCAATTTATACAGG 

 

Duplicates  

WGAP48R  (= 22799_R) 24993_557_F  (= WTHIN440_5F) 

WGAP35F  (= 16700_F) 24993_557_R  (= WTHIN440_5R) 

17139_F  (= WGAP34F) WL2TP1_check_1R  (= WTHIN2864_16R) 

3687_RI  (= WGAP49_2F) WTHIN1674_16R  (= WTHIN1174_1R) 
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C2:  Primers designed to amplify the tuf and rho regions. 
 

Primer name Primer sequence (5’ > 3’) 

tuf_1 GCAAACAGGTGGTGCTGG 

tuf_2 CATTTTCTTGCGCATAGACTCC 

tuf_3 CCAGGATCTTGACACTGACC 

tuf_4 TCCATAACACCAATATCCTGC 

rho_1 ACACCTGTTGCACGTCG 

rho_2 ACAAAGCAAGCCATGAAGC 

rho_3 GACAACCTGAACATGCTCC 

rho_4 CCTATCCATTCTCCAATCTTTTGC 

 

 

C3:  Primers designed to amplify and clone ORFs into the pCMViUBs and TOPO® pET vectors.  

Restriction enzyme sites are underlined. 
 

Primer name Primer sequence (5’ > 3’) 

3630F_BamHI GGATCCTTTACATTACAAAAACAATTTAACAGTAC 

3630R_SalI GTCGACTTACACTGCATGCCCT 

4470F_BamHI GGATCCAATGATTTCTCATTGTCTGGT 

4470R_SalI GTCGACTTAAAACTTAAACTTTGTACCTATCAA 

5270F_BamHI GGATCCATGTTTACTTTGCCAGAACTG 

5270R_SalI GTCGACTTATTTAACATTATCAATACATTGAGAA 

5400F_BamHI GGATCCATGCAAAACGTAAAATATATATTGTTTTG 

5400R_SalI GTCGACTCAATAAGTATTTAATACTAATGTATTACC 

5430F_BamHI GGATCCATGTTTGAATCTTTAACTAGTAGTTTAAC 

5430R_SalI GTCGACTTATTCATTGTTTTTCAGTAAATTCAT 

7300F_BamHI GGATCCATGAATCAGCAAATGGTAGTG 

7300R_SalI GTCGACTCACTCATGATTAACACCAC 

8050F_BamHI GGATCCTCTGAAGATATTGAGCAATATGATC 

8050R_SalI GTCGACTTACTTCTTTAACTTAACAGGAATAAATATTG 

pET3630F CACCTTTTTTACATTACAAAAACAATTTAACAGTACAAC 

pET3630R CACTGCATGCCCTATGTAAC 

pET4470F CACCTAATGATTTCTCATTGTCTGGTAAT 

pET4470R AAACTTAAACTTTGTACCTATCAAA 

pET5270F CACCATGTTTACTTTGCCAGAACTG 

pET5270R TTTAACATTATCAATACATTGAGAAAATC 

pET5400F CACCATGCAAAACGTAAAATATATATTGTTTTGG 

pET5400R ATAAGTATTTAATACTAATGTATTACCACTC 

pET5430F CACCATGTTTGAATCTTTAACTAGTAGTTTAAC 

pET5430R TTCATTGTTTTTCAGTAAATTCATAAAAT 

pET7300F CACCATGCCTGAGCAAAATGTATC 

pET7300R TAACTCATGATTAACACCACGTGC 

 

 

C4:  Vector specific primers used in this study. 
 

Primer name Primer sequence (5’ > 3’) 

pET TrxFus Forward TTCCTCGACGCTAACCTG 

pET T7 Reverse TAGTTATTGCTCAGCGGTGG 

pCMViUBs IECO GGCTAGCCTCGAGAATTC 

pCMViUBs CMV991 CAGGGATGCCACCCGGG 

pGEM SP6 ATTTAGGTGACACTATAG 

pGEM T7 TAATACGACTCACTATAGGG 
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Appendix D: Protein classification scheme 

0.0.0 Unknown function, no known homologs 
0.0.1 Conserved in Rickettsiales 
0.0.2 Conserved in organism other than Rickettsiales 
 
1.0.0 Cell processes 1.4.0 Protection responses 
 1.1.1 Chemotaxis and mobility  1.4.1   Cell killing 
 1.2.1 Chromosome replication   1.4.2   Detoxification 
 1.3.1 Chaperones     1.4.3   Drug/analog sensitivity 
         1.4.4   Radiation sensitivity 
1.5.0 Transport/binding proteins  
 1.5.1 Amino acids and amines 1.6.0 Adaptation 
 1.5.2 Cations     1.6.1   Adaptations, atypical conditions 
 1.5.3 Carbohydrates, organic acids, alcohols  1.6.2   Osmotic adaptation 
 1.5.4 Anions     1.6.3   Fe storage 
 1.5.5 Other 
 1.5.6 Type IV secretion 1.7.1 Cell division 
 1.5.7 ABC transporters 
 
2.0.0 Macromolecule metabolism 
 
2.1.0 Macromolecule degradation 
 2.1.1 Degradation of DNA    2.1.3   Degradation of polysaccharides 
 2.1.2 Degradation of RNA    2.1.4   Degradation of proteins, peptides, 
          glycoproteins 
 
2.2.0 Macromolecule synthesis, modification 
 2.2.01  Amino acyl tRNA synthesis,   2.2.07  Phospholipids 
  tRNA modification    2.2.08  Polysaccharides - (cytoplasmic) 
 2.2.02  Basic proteins - synthesis, modification  2.2.09  Protein modification 
 2.2.03  DNA - replication, repair, modification  2.2.10  Proteins, translation and modification 
 2.2.04  Glycoprotein     2.2.11  RNA synthesis, modification, DNA 
 2.2.05  Lipopolysaccharide     transcription 
 2.2.06  Lipoprotein     2.2.12  tRNA 
 
3.0.0 Metabolism of small molecules 
 
3.1.0 Amino acid biosynthesis 
 3.1.01  Alanine   3.1.08  Glutamine  3.1.15  Phenylalanine 
 3.1.02  Arginine   3.1.09  Glycine   3.1.16  Proline 
 3.1.03  Asparagine   3.1.10  Histidine   3.1.17  Serine 
 3.1.04  Aspartate   3.1.11  Isoleucine   3.1.18  Threonine 
 3.1.05  Chorismate   3.1.12  Leucine   3.1.19  Tryptophan 
 3.1.06  Cysteine   3.1.13  Lysine   3.1.20  Tyrosine 
 3.1.07  Glutamate   3.1.14  Methionine  3.1.21  Valine 
 
3.2.0 Biosynthesis of cofactors, carriers 
 3.2.01  Acyl carrier protein (ACP)   3.2.10  Pantothenate 
 3.2.02  Biotin     3.2.11  Pyridine nucleotide 
 3.2.03  Cobalamin     3.2.12  Pyridoxine 
 3.2.04  Enterochelin     3.2.13  Riboflavin 
 3.2.05  Folic acid     3.2.14  Thiamin 
 3.2.06  Heme, porphyrin    3.2.15  Thioredoxin, glutaredoxin, 
 3.2.07  Lipoate      glutathione 
 3.2.08  Menaquinone, ubiquinone   3.2.16  Biotin carboxyl carrier protein 
 3.2.09  Molybdopterin     (BCCP) 
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3.3.0 Central intermediary metabolism 
 3.3.01  2'-Deoxyribonucleotide metabolism  3.3.13  Phosphorus compounds 
 3.3.02  Amino sugars     3.3.14  Polyamine biosynthesis 
 3.3.03  Entner-Douderoff    3.3.15  Pool, multipurpose conversions of 
 3.3.04  Gluconeogenesis     intermediary metabolism 
 3.3.05  Glyoxylate bypass    3.3.16  S-adenosyl methionine 
 3.3.06  Incorporation metal ions 3.3.17  Salvage of nucleosides and  
 3.3.07  Miscellaneous glucose metabolism   nucleotides 
 3.3.08  Miscellaneous glycerol metabolism  3.3.18  Sugar-nucleotide biosynthesis, 
 3.3.09  Non-oxidative branch, pentose pathway   conversions 
 3.3.10  Nucleotide hydrolysis    3.3.19  Sulfur metabolism 
 3.3.11  Nucleotide interconversions   3.3.20  amino acids 
 3.3.12  Oligosaccharides    3.3.00  other 
  
 
3.4.0 Degradation of small molecules 
 3.4.1 Amines     3.4.4   Fatty acids 
 3.4.2 Amino acids     3.4.5   Other 
 3.4.3 Carbon compounds 
 
3.5.0 Energy metabolism, carbon 
 3.5.1 Aerobic respiration    3.5.5   Glycolysis 
 3.5.2 Anaerobic respiration    3.5.6   Oxidative branch, pentose pathway 
 3.5.3 Electron transport    3.5.7   Pyruvate dehydrogenase 
 3.5.4 Fermentation     3.5.8   TCA cycle 
 
3.6.0 Fatty acid biosynthesis 
3.6.1 Fatty acid and phosphatidic acid biosynthesis 
 
3.7.0 Nucleotide biosynthesis 
 3.7.1 Purine ribonucleotide biosynthesis  3.7.2   Pyrimidine ribonucleotide  
          biosynthesis 
 
4.0.0 Cell envelope 
 4.1.0 Periplasmic/exported/lipoproteins  4.1.3   Outer membrane constituents  
 4.1.1 Inner membrane    4.1.4   Surface polysaccharides & antigens 
 4.1.2 Murein sacculus, peptidoglycan   4.1.5   Surface structures 
 
4.2.0 Ribosome constituents 
 4.2.1 Ribosomal and stable RNAs   4.2.3   Ribosomes - maturation and  
 4.2.2 Ribosomal proteins - synthesis, modification   modification 
  
 
5.1.0 Laterally acquirred elements 
 5.1.1 Colicin-related functions   5.1.3   Plasmid-related functions 
 5.1.2 Phage-related functions and    5.1.4   Transposon/insertion element-related 
  prophages      functions 
           
 
6.0.0 Regulation  
 6.1.1 Global regulatory functions 
 
7.0.0 Not classified (included putative assignments) 
7.1.1 DNA sites, no gene product 
7.2.1 Cryptic genes 

 
 
 



Appendix E 

 221

Appendix E: E. ruminantium gene list 
 

The first column indicates the systematic identification number of each predicted ORF, followed by the gene name, protein product and length in amino acids.  

Columns 5 to 7 show the transmembrane helices and signal sequences predited by TMHMM2.0, SignalP3.0 and Phobius (th = transmembrane helix).  

Columns 8 and 9 represent the subcellular localisation predictions by CELLO and pSORTb2.0: C = cytoplasmic, P = periplasmic, IM = inner membrane, OM 

= outer membrane, E = extra cellular, U = unknown.  In column 10 helix-turn-helix motifs are represented by plus signs.  The size and frequency of tandem 

repeats, the EC number and functional class are given in the last three columns. 
 

Erum gene product length TMHMM SignalP Phobius CELLO pSORTb HTH tandem EC class 

ID name  (aa)       repeats number  

0010 gapB 
NAD(P)-dependent glyceraldehyde 3-phosphate 
dehydrogenase

†
 

335    C C   1.2.1.59 3.3.15 

0020 elbB  enhancing lycopene biosynthesis protein 2* 220    C C    7.0.0 

0030 proC  pyrroline-5-carboxylate reductase 271    OM U   1.5.1.2 3.1.16 

0040 dnaZ  DNA polymerase III, gamma subunit* 487    C U   2.7.7.7 2.2.03 

0050  unknown 101    C U    7.0.0 

0060 asd  aspartate-semialdehyde dehydrogenase 337    C U   1.2.1.11 3.1.0 

0070 metK  S-adenosylmethionine synthetase 401    C C   2.5.1.6 3.3.16 

0080 ubiF  
2-octaprenyl-3-methyl-6-methoxy-1,4-benzoquinol 
hydroxylase* 

390 1   C U  
158 bp x 2.8 
(C-terminus) 

1.14.13.- 3.2.08 

0090  membrane protein* 193 1 signal 2 th P U    4.1.1 

0110 glyQ  glycyl-tRNA synthetase alpha chain 280    C C   6.1.1.14 2.2.01 

0120 glyS  glycyl-tRNA synthetase beta chain 702    C U   6.1.1.14 2.2.01 

0130 dnaJ  chaperone protein DnaJ 382    OM C    1.3.1 

0140 nadC  nicotinate-nucleotide pyrophosphorylase [carboxylating] 277    C C   2.4.2.19 3.2.11 

0150  integral membrane protein* 195 5  5 th IM IM    4.1.1 

0160 ruvC  crossover junction endodeoxyribonuclease RuvC 160    C U   3.1.22.4 2.2.03 

0170 coxC  cytochrome c oxidase subunit III 274 7  7 th IM IM   1.9.3.1 3.5.3 

0180 hemE  uroporphyrinogen decarboxylase 335    C U   4.1.1.37 3.2.06 

0190 corC magnesium and cobalt efflux protein
†
 288   1 th C C    1.5.2 

0200  protease
†
 178    C U    5.1.2 

0210  genetic exchange protein
†
 394    E U    5.1.2 

0220 bioC  biotin synthesis protein BioC
†
 249    OM IM    3.2.02 

0230 nadA  quinolinate synthetase A 314    C C   1.4.3.- 3.2.11 

0240 fdxA  ferredoxin 125    C C    3.5.3 

0250  unknown 457    C C  297 bp x 2.8  0.0.0 
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Erum gene product length TMHMM SignalP Phobius CELLO pSORTb HTH tandem EC class 

ID name  (aa)       repeats number  

0260 virD4  type IV secretion system protein VirD4 801 3  2 th C IM  6 bp x 5.0  1.5.6 

0270 virB11  type IV secretion system protein VirB11 332    C U    1.5.6 

0280 virB10  type IV secretion system protein VirB10 448 1  1 th P U  6 bp x 9.0  1.5.6 

0290 virB9  type IV secretion system protein VirB9 267  signal signal E U    1.5.6 

0300 virB8  type IV secretion system protein VirB8 232 1  1 th OM U    1.5.6 

0310  riboflavin biosynthesis protein* 371    C C   3.5.4.25 3.2.13 

0320  unknown 354    C U    7.0.0 

0330  integral membrane protein* 159 2
‡
  2 th C C    4.1.1 

0340 dapF  diaminopimelate epimerase 265    C C   5.1.1.7 3.1.13 

0350  Unknown 143    C U    0.0.0 

0360 pgk  phosphoglycerate kinase 395    C C   2.7.2.3 3.3.15 

0370 xseA  exodeoxyribonuclease VII large subunit 388    C U  
203 bp x 3.0 
(N-terminus) 

3.1.11.6 2.1.1 

0380  membrane protein* 222 1  1 th C U  
203 bp x 3.0 
(C-terminus) 

 4.1.1 

0390 dapD  
2,3,4,5-tetrahydropyridine-2,6-dicarboxylate N-
succinyltransferase 

284    C IM   2.3.1.117 3.1.13 

0400 trmE  tRNA modification GTPase* 439    C C    2.2.12 

0410 dfp  DNA/pantothenate metabolism flavoprotein* 181   signal C U   
4.1.1.36, 
6.3.2.5 

2.2.03 

0420 recG  ATP-dependent DNA helicase RecG 677   2 th C IM   3.6.1.- 2.2.03 

0430  NADH-ubiquinone oxidoreductase subunit
†
 320 2  1 th C IM  

283 bp x 3.2 
(C-terminus) 

1.6.99.3 3.5.3 

0440 dksA  DnaK suppressor protein* 151    C C    1.6.1 

0450 ccmB  heme exporter protein B
†
 220 5  6 th IM IM    1.5.7 

0460  cation efflux system protein* 306 6  6 th IM IM    1.5.2 

0470  exported protein* 208  signal signal C C    4.1.0 

0480 rpsT  30S ribosomal protein S20 95   signal C U    4.2.2 

0490 polA  DNA polymerase I 865    OM C + 
198 bp x 3.0 
(C-terminus) 

2.7.7.7 2.2.03 

0500  unknown 102    C U    0.0.0 

0510 argF  ornithine carbamoyltransferase 305    C C   2.1.3.3 3.1.02 

0520 recF  DNA replication and repair protein RecF* 372    OM C    2.2.03 

0530  uracil DNA glycosylase
†
 263   2 th C U   3.2.2.- 2.2.03 

0540 def1  peptide deformylase 1* 181    C C   3.5.1.88 2.2.09 

0550 plsC  1-acyl-sn-glycerol-3-phosphate acyltransferase* 241 3  2 th IM IM   2.3.1.51 3.6.1 

0560 rpe  ribulose-phosphate 3-epimerase 215    C U   5.1.3.1 3.3.09 

0570  integral membrane protein* 265 6  7 th IM IM    4.1.1 

0580  ABC transporter, ATP binding protein* 239    C U    1.5.7 

0590  integral membrane protein* 613 3  3 th OM U    4.1.1 

0600 ispB  octaprenyl-diphosphate synthase 325    C C   2.5.1.- 3.2.08 
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Erum gene product length TMHMM SignalP Phobius CELLO pSORTb HTH tandem EC class 

ID name  (aa)       repeats number  

0610 glnA  glutamine synthetase 470    OM C   6.3.1.2 3.1.08 

0620 tyrS  tyrosyl-tRNA synthetase 418    C C   6.1.1.1 2.2.01 

0630 hemA  5-aminolevulinic acid synthase 398    C C   2.3.1.37 3.2.06 

0631  conserved hypothetical protein 122   2 th C IM    0.0.2 

0640 secF  protein-export membrane protein SecF 289 6  6 th IM IM    1.5.5 

0650 fbaB  fructose-bisphosphate aldolase class I* 300    C C   4.1.2.13 3.3.04 

0660  unknown 3715    OM U  

300 bp x 2.6, 
171 bp x 2.4, 
471 bp x 2.7, 
171 bp x 2.4 

 0.0.0 

0670 pdhC  
dihydrolipoamide acetyltransferase, E2 component of pyruvate 
dehydrogenase complex 

406    C C   2.3.1.12 3.5.7 

0680  unknown 540    OM U    0.0.0 

0690  unknown 470   1 th OM U    0.0.0 

0700  integral membrane protein* 547 2  2 th, signal OM U    4.1.1 

0710  unknown 123   signal C U    0.0.0 

0720  unknown 931   1 th, signal OM U    0.0.0 

0730  unknown 93    C U    0.0.0 

0740 guaA  GMP synthase [glutamine-hydrolyzing] 528    C U  
170 bp x 4.0 
(C-terminus) 

6.3.5.2 3.7.1 

0750 gltA  citrate synthase 415    C C   2.3.3.1 3.5.8 

0770 gshA  gamma-glutamylcysteine synthetase
†
 399    OM U    3.2.18 

0780 valS  valyl-tRNA synthetase 810    C C  
336 bp x 2.9 
(C-terminus) 

6.1.1.9 2.2.01 

0790 smpB  SsrA-binding protein 148    C U    2.2.10 

0800 ribB  3,4-dihydroxy-2-butanone 4-phosphate synthase 211    C C    3.2.13 

0810 greA  transcription elongation factor GreA 162    C U    2.2.11 

0820 atpA  ATP synthase alpha chain 507    OM C   3.6.3.14 3.5.9 

0830 atpH  ATP synthase delta chain* 189    OM U   3.6.3.14 3.5.9 

0831  integral membrane protein* 84 2  2 th IM U    4.1.1 

0840  integral membrane protein* 413 2  1 th, signal C C    4.1.1 

0850  membrane protein* 258 1  1 th C C +   4.1.1 

0860 lolE  lipoprotein releasing system transmembrane protein LolE* 411 4  4 th IM IM +   1.5.7 

0870  conserved hypothetical protein 339    C U    0.0.1 

0880 ccmF  cytochrome c-type biogenesis protein CcmF 638 14  15 th IM IM    2.2.13 

0890  aminomethyl transferase* 280    OM U   2.1.2.10 3.3.00 

0900 purF  glutamine phosphoribosylpyrophosphate amidotransferase 466    C U   2.4.2.14 3.7.1 

0910 pth  peptidyl-tRNA hydrolase 193    C U   3.1.1.29 2.2.01 

0920 rplY  50S ribosomal protein L25* 208    C U    4.2.2 

0930 comF  competence protein F
†
 230    C U    7.0.0 

0940 dapE  succinyl-diaminopimelate desuccinylase* 383    E C   3.5.1.18 3.1.13 
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Erum gene product length TMHMM SignalP Phobius CELLO pSORTb HTH tandem EC class 

ID name  (aa)       repeats number  

0950  glutathione-regulated potassium-efflux system protein* 569 10  13 th IM IM    1.5.2 

0960  conserved hypothetical protein 193    P U    0.0.2 

0970  integral membrane protein* 155 4  4 th IM IM    4.1.1 

0980 pdhB pyruvate dehydrogenase E1 component, beta subunit* 332    C C   1.2.4.1 3.5.7 

0990  integral membrane protein* 607 2  2 th OM OM    4.1.1 

1000 tldD  TldD protein 475    OM C    6.0.0 

1010  conserved hypothetical GTP-binding protein 363    C C    0.0.2 

1020 ispF  2-C-methyl-D-erythritol 2,4-cyclodiphosphate synthase 173    C U  
154 bp x 5.1 
(C-terminus) 

4.6.1.12 3.2.08 

1030 ispD  2-C-methyl-D-erythritol 4-phosphate cytidylyltransferase* 242   signal C U   2.7.7.60 3.2.08 

1040  integral membrane protein* 1165 2  2 th E C  294 bp x 2.8  4.1.1 

1050  integral membrane protein* 454 2  2 th OM U    4.1.1 

1060 purE phosphoribosylaminoimidazole carboxylase catalytic subunit 170    E U   4.1.1.21 3.7.1 

1070  exported protein* 180  signal 1 th C U    4.1.0 

1080 ihfA  integration host factor alpha-subunit* 99    C C    2.2.03 

1090  conserved hypothetical protein 122    C U +   0.0.2 

1100  unknown 161    E U    0.0.0 

1110  unknown 661    E C  
2 bp x 2.5, 27 

bp x 56.0 
 0.0.0 

1120 trpS  tryptophanyl-tRNA synthetase 332    OM C   6.1.1.2 2.2.01 

1130 grpE  GrpE protein 199    C C    1.3.1 

1140 ribD  riboflavin biosynthesis protein RibD 365    C C   
3.5.4.26, 
1.1.1.193 

3.2.13 

1150  unknown 179    CP C    0.0.0 

1160 pyrG  CTP synthase 540   signal C U   6.3.4.2 3.7.2 

1170 secG  protein-export membrane protein SecG* 110 2  1 th, signal P U    1.5.0 

1180  integrase/recombinase XerD or XerC* 312    C C    2.2.03 

1190 lolD  lipoprotein releasing system ATP-binding protein LolD 228   signal C IM    1.5.7 

1200 maeB  NADP-dependent malic enzyme 755    IM IM   1.1.1.40 3.3.15 

1210  exported protein* 877  signal signal OM OM    4.1.0 

1220 lnt  apolipoprotein N-acyltransferase* 506 7
‡
  7 th IM IM   2.3.1.- 2.2.06 

1230  unknown 186    C IM  237 bp x 2.4  0.0.0 

1240  NADH-quinone oxidoreductase subunit* 492 13  14 th IM IM   1.6.99.5 3.5.3 

1250  membrane protein* 99 1  1 th P U    4.1.1 

1260  membrane protein* 149 1
‡
  1 th C U    4.1.1 

1270  unknown 93    P U    7.0.0 

1280  conserved hypothetical protein 153    C U    0.0.2 

1290  unknown 564    E U    0.0.0 

1300  unknown 1334    E OM    7.0.0 

1310 fbpA  iron-binding periplasmic protein* 348  signal signal C P    1.5.2 
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Erum gene product length TMHMM SignalP Phobius CELLO pSORTb HTH tandem EC class 

ID name  (aa)       repeats number  

1320 rpsP  30S ribosomal protein S16 87    C U    4.2.2 

1330 proP  proline/betaine transporter 422 12  12 th IM IM    1.5.1 

1340  conserved hypothetical protein 55    C U    0.0.2 

1350  short chain dehydrogenase* 231    C U   1.1.1.- 7.0.0 

1360 pheS  phenylalanyl-tRNA synthetase alpha chain 344    C C   6.1.1.20 2.2.01 

1370 rplT  50S ribosomal subunit protein L20 123    C U    4.2.2 

1380 rpmI  50S ribosomal protein L35 66    C U    4.2.2 

1390  conserved hypothetical protein 221    C U    0.0.1 

1400 rho1  transcription termination factor 1 478    C C    2.2.11 

1410  unknown 80    C U    7.0.0 

1420  
dihydrolipoamide dehydrogenase, E3 component of pyruvate 
or 2-oxoglutarate dehydrogenase complex* 

469    C C   1.8.1.4 3.5.0 

1430  unknown 951   1 th OM U  198 bp x 2.3  0.0.0 

1440  membrane protein* 482 1  1 th C IM    4.1.1 

1450  membrane protein* 208 1  1 th OM U    4.1.1 

1460  exported protein* 180  signal signal C C    4.1.0 

1470  unknown 262    C U    7.0.0 

1480  truncated glutamine synthetase
†
 268    C C   6.3.1.2 3.1.08 

1490  ABC transporter, membrane-spanning protein
†
 374 8  9 th IM IM    1.5.7 

1500 alaS  alanyl-tRNA synthetase 887    C C   6.1.1.7 2.2.01 

1510 sucD  succinyl-CoA synthetase, alpha subunit 295    C U   6.2.1.5 3.5.8 

1520 sucC  succinyl-CoA synthetase, beta subunit 386    C U   6.2.1.5 3.5.8 

1530 rpsU  30S ribosomal protein S21
†
 112 1  1 th C U    4.2.2 

1540  exported protein* 342  signal signal C U    4.1.0 

1550 map2  major antigenic protein 2 209 1
‡
  1 th P U    4.1.3 

1560  2-nitropropane dioxygenase* 345    C U    3.3.0 

1570  cytochrome b561* 173 5
‡
  5 th IM IM    3.5.3 

1580  ABC transporter, membrane-spanning protein* 536 12  13 th IM IM    1.5.7 

1590  secretion protein* 514 1  2 th OM IM    1.5.5 

1600  unknown 204    C U    0.0.0 

1610  conserved hypothetical protein 542    C U    0.0.2 

1620  integral membrane protein* 197 4  4 th IM IM    4.1.1 

1630 rpsL  30S ribosomal protein S12 123    P U    4.2.2 

1640 rpsG  30S ribosomal protein S7 160    C U    4.2.2 

1650 fusA  elongation factor G 689    C C    2.2.10 

1660 tufA  elongation factor Tu-A 395    C C    2.2.10 

1670 nusG  transcription antitermination protein NusG 179    C C    2.2.11 

1680 rplK  50S ribosomal protein L11 147    P U    4.2.2 

1690 rplA  50S ribosomal protein L1 220    C U    4.2.2 
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Erum gene product length TMHMM SignalP Phobius CELLO pSORTb HTH tandem EC class 

ID name  (aa)       repeats number  

1700 rplJ  50S ribosomal protein L10 160    C IM    4.2.2 

1710 rplL  50S ribosomal protein L7/L12 131    C C    4.2.2 

1720 rpoB  DNA-directed RNA polymerase beta chain 1380    C C   2.7.7.6 2.2.11 

1730 rpoC  DNA-directed RNA polymerase beta' chain 1411    C C   2.7.7.6 2.2.11 

1740 bioF  8-amino-7-oxononanoate synthase* 367    C IM   2.3.1.47 3.2.02 

1750  integral membrane protein* 142 4  4 th IM IM    4.1.1 

1760 rnhB  ribonuclease HII 212    C U  
208 bp x 3.6 
(C-terminus) 

3.1.26.4 2.1.2 

1770  unknown 1529    OM OM    0.0.0 

1780  Na+/H+ antiporter subunit
†
 172 2  2 th IM IM    1.5.2 

1790  membrane protein* 205 1  1 th C U    4.1.1 

1800  unknown 257    IM U    7.0.0 

1810 pyrD  dihydroorotate dehydrogenase 346    OM U   1.3.3.1 3.7.2 

1820 def2  peptide deformylase 2* 194    C C   3.5.1.88 2.2.09 

1830 argH  argininosuccinate lyase 462    C U  
202 bp x 2.0 
(N-terminus) 

4.3.2.1 3.1.02 

1840  unknown 267    C U    7.0.0 

1850 pdxH  pyridoxamine 5'-phosphatate oxidase 194    C U   1.4.3.5 3.2.12 

1851  unknown 92    C C    0.0.0 

1860  membrane protein* 270 1
‡
  signal C U    4.1.1 

1870 dnaE  DNA polymerase III, alpha subunit 1119    C C   2.7.7.7 2.2.03 

1880 aroE  3-phosphoshikimate 1-carboxyvinyltransferase 427   1 th IM IM   2.5.1.19 3.1.05 

1890 sdhC succinate dehydrogenase cytochrome b-556 subunit* 132 3  3 th IM IM   1.3.5.1 3.5.3 

1891 sdhD succinate dehydrogenase cytochrome b small subunit* 116 3  3 th IM IM   1.3.5.1 3.5.3 

1900  unknown 417    OM U    0.0.0 

1910 thiD  phosphomethylpyrimidine kinase* 266    C U   2.7.4.7 3.2.14 

1920  conserved hypothetical protein 230    C U    0.0.2 

1930  integral membrane protein* 373 8  7 th IM IM    4.1.1 

1940 rpsD  30S ribosomal protein S4 202    P U    4.2.2 

1950  conserved hypothetical protein 69    C C    0.0.2 

1960  exported protein* 383  signal signal OM U    4.1.0 

1970  acetyltransferase
†
 262    C U   2.3.1.- 7.0.0 

1980 pgpA  phosphatidylglycerophosphatase A* 168 4  4 th IM IM   3.1.3.27 2.2.07 

1990 tig  trigger factor 446    C U    1.3.1 

2000 clpP  ATP-dependent Clp protease proteolytic subunit 198    C U   3.4.21.92 2.1.4 

2010 clpX  ATP-dependent Clp protease ATP-binding subunit ClpX 406    C C    2.1.4 

2020 lon  ATP-dependent protease La 801   signal C C   3.4.21.53 2.1.4 

2030 fmt  methionyl-tRNA formyltransferase 303    C U   2.1.2.9 2.2.01 

2040  conserved hypothetical protein 272    C U    0.0.2 
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2050  conserved hypothetical protein 285    C C    0.0.2 

2060 thiE  thiamine-phosphate pyrophosphorylase* 350    C U   2.5.1.3 3.2.14 

2070  integral membrane protein* 431 4
‡
  2 th, signal IM IM    4.1.1 

2080  integral membrane protein* 94 2  3 th IM U    4.1.1 

2090 ftsK  cell division protein FtsK* 855 5
‡
  4 th IM IM  45 bp x 4.1  1.7.1 

2100  integral membrane protein* 307 6  6 th IM IM    4.1.1 

2110 argD  acetylornithine/succinyldiaminopimelate aminotransferase 391    C U   
2.6.1.11, 
2.6.1.17 

3.1.0 

2120  
histidine kinase sensor component of a two-component 
regulatory system

†
 

477 2
‡
  1 th, signal OM IM    6.1.2 

2130 mutL  DNA mismatch repair protein MutL 689    C U    2.2.03 

2140 smf  DNA processing protein chain A* 375    C U    2.2.03 

2150 fabF  3-oxoacyl-[acyl-carrier-protein] synthase II 423    C IM   2.3.1.41 3.6.1 

2160 acpP  acyl carrier protein 92    C C    3.2.01 

2170  unknown 1073    E OM  252 bp x 2.7  0.0.0 

2180  integral membrane protein* 876 2  2 th OM C    4.1.1 

2190 rpmG  50S ribosomal protein L33 56   1 th C U    4.2.2 

2200  integral membrane protein* 235 6  6 th IM IM    4.1.1 

2210 dsbB  disulfide bond formation protein B
†
 160 4  4 th IM IM    2.2.09 

2220  unknown 170   1 th C U    7.0.0 

2230 trmU  tRNA (5-methylaminomethyl-2-thiouridylate)-methyltransferase 370    E U   2.1.1.61 2.2.01 

2240  membrane protein* 369 1
‡
  1 th C U    4.1.1 

2250  membrane protein* 347 1
‡
  1 th IM U    4.1.1 

2260  membrane protein* 313 1
‡
  1 th E U    4.1.1 

2270  membrane protein* 384 1
‡
  1 th E U    4.1.1 

2280  membrane protein* 341 1
‡
  1 th C U    4.1.1 

2290  membrane protein* 342 1
‡
  1 th E U    4.1.1 

2300  membrane protein* 370 1  1 th C U +   4.1.1 

2310  exported protein* 317  signal 1 th C C    4.1.0 

2320  exported protein* 307  signal 1 th C U    4.1.0 

2330  membrane protein* 306 1
‡
  1 th IM U    4.1.1 

2340  membrane protein* 326 1
‡
  1 th C U    4.1.1 

2370  unknown 417    E U    0.0.0 

2380  unknown 332   signal OM U    0.0.0 

2390 uvrD  DNA helicase II 639    C U   3.6.1.- 2.2.03 

2400  membrane protein* 391 1
‡
  1 th E U  90 bp x 2.0  4.1.1 

2410  membrane protein* 326 1
‡
  1 th C U    4.1.1 

2420 gyrA  DNA gyrase subunit A 898    OM C   5.99.1.3 2.2.03 

2430 nth  endonuclease III 210    C U   4.2.99.18 2.2.03 
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2440  integral membrane protein* 220 2  2 th IM U    4.1.1 

2450 htpG  chaperone protein HtpG 637    C C    1.3.1 

2460 purB  adenylosuccinate lyase 432    C C   4.3.2.2 3.7.1 

2470  integral membrane protein* 358 2  4 th C IM    4.1.1 

2480  integral membrane protein* 368 3  4 th IM IM    4.1.1 

2490  unknown 831   3 th OM IM    0.0.0 

2500  unknown 305    OM U    0.0.0 

2510  unknown 807   2 th OM OM    0.0.0 

2520  biotin--[acetyl-CoA-carboxylase] synthetase* 252    E U   6.3.4.15 3.2.02 

2530  glutathione S-transferase* 241    C C  
155 bp x 3.0 
(C-terminus) 

2.5.1.18 3.4.5 

2540  exported protein* 175  signal signal C U    4.1.0 

2550  ABC transporter, ATP-binding protein* 340    C C    1.5.7 

2560 tatA  Sec-independent protein translocase membrane protein
†
 56 1  1 th C U    1.5.5 

2570 recR  recombination protein RecR* 195    C U    2.2.03 

2580  ABC transporter, periplasmic solute binding protein* 287 1
‡
  signal C P    1.5.7 

2590  ABC transporter, ATP-binding protein* 242    C IM    1.5.7 

2600 ubiB  ubiquinone biosynthesis protein UbiB* 480 1  2 th IM C  
221 bp x 2.0 
(C-terminus) 

 3.2.08 

2610  integral membrane protein* 401 12  12 th IM IM  
221 bp x 2.0 
(N-terminus) 

 4.1.1 

2620  conserved hypothetical protein 445    C C    0.0.2 

2630  unknown 1202    OM OM  
375 bp x 2.1 
(C-terminus) 

 0.0.0 

2640  conserved hypothetical protein 274    E U    0.0.1 

2650 sucA  2-oxoglutarate dehydrogenase E1 component 913    OM C   1.2.4.2 3.5.8 

2660  unknown 411    E U    5.1.2 

2670 dapA  dihydrodipicolinate synthase 296    OM U   4.2.1.52 3.1.13 

2680  HIT-like protein* 113    C C    7.0.0 

2690  unknown 352    E U    7.0.0 

2700 mutS  DNA mismatch repair protein MutS 804    OM C    2.2.03 

2710 nadE  glutamine-dependent NAD(+) synthetase* 513    OM U   6.3.5.1 3.2.11 

2720 hemB  delta-aminolevulinic acid dehydratase 329    C U   4.2.1.24 3.2.06 

2730  unknown 912    OM C    0.0.0 

2740  integral membrane transport protein* 426 12  12 th IM IM    1.5.5 

2750  membrane protein* 527 1 signal 2 th E IM    4.1.1 

2760  membrane protein* 519 1 signal 2 th OM U    4.1.1 

2770  membrane protein* 526 1 signal 2 th C U    4.1.1 

2780  membrane protein* 524 1 signal 2 th C U  21 bp x 2.0  4.1.1 

2790  integral membrane protein* 653 2
‡
  2 th C OM    4.1.1 
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2800  membrane protein* 520 1 signal 2 th C U  15 bp x 2.0  4.1.1 

2810  integral membrane transport protein* 417 12  12 th IM IM    1.5.5 

2820  integral membrane transport protein* 415 12  12 th IM IM    1.5.5 

2830 ssb  single-strand DNA binding protein 156    C C    2.2.03 

2840 matA  malonyl-CoA decarboxylase* 460    C C   4.1.1.9 3.6.1 

2850 gatB  aspartyl/glutamyl-tRNA amidotransferase subunit B 481    C C   6.3.5.- 2.2.01 

2860 fabI  enoyl-[acyl-carrier-protein] reductase [NADH] 273    C U   1.3.1.9 3.6.1 

2870 dnaA  chromosomal replication initiator protein DnaA 464    C C    2.2.03 

2900  integral membrane protein* 331 2  2 th C C    4.1.1 

2910 nadD  nicotinate-nucleotide adenylyltransferase* 194   signal OM U   2.7.7.18 3.2.11 

2920 pdxJ  pyridoxal phosphate biosynthetic protein PdxJ 238    C C    3.2.12 

2930 hupB  DNA-binding protein HU-beta* 94    C U    2.2.03 

2940 holB  DNA polymerase III, delta prime subunit
†
 296    C C   2.7.7.7 2.2.03 

2950  conserved hypothetical protein 199    C U  
144 bp x 6.0 
(N-terminus) 

 0.0.2 

2960 coaE  dephospho-CoA kinase* 201    C U   2.7.1.24 3.2.17 

2970 thiC  thiamine biosynthesis protein ThiC 555    C U    3.2.14 

2980  unknown 186    E U    7.0.0 

2990 rpoZ  DNA-directed RNA polymerase omega chain* 132    C C   2.7.7.6 2.2.11 

3000  unknown 123    C U    7.0.0 

3010 leuS  leucyl-tRNA synthetase 830    C C   6.1.1.4 2.2.01 

3030  deoxyribonuclease
†
 261    C C   3.1.21.- 7.0.0 

3040 pyrF  orotidine 5'-phosphate decarboxylase 231    C IM   4.1.1.23 3.7.2 

3050 surE  acid phosphatase SurE 252    E U   3.1.3.2 1.4.0 

3060 ccmE  cytochrome c-type biogenesis protein CcmE 134 1
‡
  signal P U    2.2.13 

3070 nuoC  NADH-quinone oxidoreductase chain C* 191    C C   1.6.99.5 3.5.3 

3090 nuoB  NADH-quinone oxidoreductase chain B 172    P U   1.6.99.5 3.5.3 

3100 nuoA  NADH-quinone oxidoreductase chain A* 123 3  3 th IM IM   1.6.99.5 3.5.3 

3110 uvrA  uvrABC system protein A 959    OM OM    2.2.03 

3120  unknown 174    C U    7.0.0 

3130 ribH  6,7-dimethyl-8-ribityllumazine synthase* 149    C U   2.5.1.9 3.2.13 

3140  integral membrane protein* 575 6
‡
  6 th IM IM    4.1.1 

3150  integral membrane transport protein* 461 11  10 th IM IM    1.5.5 

3160 pssA  CDP-diacylglycerol--serine O-phosphatidyltransferase* 260 7   IM IM   2.7.8.- 2.2.07 

3170 psd  phosphatidylserine decarboxylase proenzyme* 227 1  1 th IM U   4.1.1.65 2.2.07 

3180  unknown 1134    C U  
182 bp x 4.4 
(C-terminus) 

 7.0.0 

3190 efp  elongation factor P* 189    C C    2.2.10 

3200 suhB  inositol-1-monophosphatase* 256    OM U   3.1.3.25 6.1.3 
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3210 rluC  ribosomal large subunitPSeudouridine synthase C* 305    C C   4.2.1.70 2.2.11 

3220  
response regulator component of a two-component regulatory 
system

†
 

461    C C    6.0.0 

3221  unknown 93    C U    0.0.0 

3230  NAD-glutamate dehydrogenase
†
 1589    C OM   1.4.1.- 3.3.20 

3240  integral membrane protein* 210 4  4 th IM IM    4.1.1 

3250 cysS  cysteinyl-tRNA synthetase 457    C C   6.1.1.16 2.2.01 

3260  unknown 648    OM U    0.0.0 

3270 nrdB  ribonucleoside-diphosphate reductase beta chain* 324 1  1 th C U   1.17.4.1 3.7.0 

3280  conserved hypothetical protein 94    P U    0.0.1 

3290  unknown 194    E U    0.0.0 

3300  conserved hypothetical protein 339    C U    0.0.2 

3310 dnaG  DNA primase* 592    C C   2.7.7.- 2.2.03 

3320 rpoD  RNA polymerase sigma-70 factor 622    C C +++   2.2.11 

3330  conserved hypothetical protein 317    C U    0.0.2 

3340 ispE  4-diphosphocytidyl-2-C-methyl-D-erythritol kinase* 281    C U   2.7.1.148 3.2.08 

3350 cutA  periplasmic divalent cation tolerance protein CutA* 109    C C    1.6.4 

3360  two component sensor kinase* 828 3  3 th C IM    6.1.0 

3370 mdmC  O-methyltransferase* 218    E U   2.1.1.- 2.2.0 

3380  unknown 94    C U    0.0.0 

3390  conserved hypothetical protein 467   signal IM U    0.0.2 

3400 topA  DNA topoisomerase I 819    OM U   5.99.1.2 2.2.03 

3410  unknown 119    C U    0.0.0 

3420  conserved hypothetical protein 153    C U    0.0.1 

3430 acpS  holo-[acyl-carrier-protein] synthase* 123    C U   2.7.8.7 3.6.1 

3440 proS  prolyl-tRNA synthetase 426    C C   6.1.1.15 2.2.01 

3450  exported protein* 327  signal signal C U    4.1.0 

3460 coaD  phosphopantetheine adenylyltransferase* 165    C U   2.7.7.3 3.2.17 

3470 trxB  thioredoxin reductase 318   signal C U   1.8.1.9 3.2.15 

3480  peroxiredoxin* 205    C C    1.4.1 

3490 aatA  aspartate aminotransferase A 399    OM U   2.6.1.1 3.1.07 

3500 ppiD  peptidyl-prolyl cis-trans isomerase D* 630 1
‡
  signal OM OM +  5.2.1.8 1.3.1 

3510  glycoprotease
†
 193    C U   3.4.-.- 2.1.4 

3520 truB  tRNAPSeudouridine synthase B* 296    C C   4.2.1.70 2.2.11 

3530 rpsO  30S ribosomal protein S15 93    C U    4.2.2 

3540 pnp  polyribonucleotide nucleotidyltransferase 789    OM C   2.7.7.8 2.1.2 

3550  conserved hypothetical protein 265    IM IM    0.0.2 

3560 lepA  GTP-binding protein LepA 598    C C    2.2.10 

3570  integral membrane protein* 376 2  2 th E U  12 bp x 3.2  4.1.1 
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3580  integral membrane protein* 188 2
‡
  signal, 1 th OM U    4.1.1 

3590  integral membrane protein* 389 2  2 th E U  45 bp x 7.4, 
42 bp x 2.1 

 4.1.1 

3600  integral membrane protein* 585 2
‡
  2 th OM IM  12 bp x 16.7  4.1.1 

3610  membrane protein* 513 1 signal 2 th C U    4.1.1 

3620  integral membrane protein* 537 2
‡
  2 th OM U    4.1.1 

3630  membrane protein* 519 1 signal signal, 1 th OM U    4.1.1 

3640  unknown 111    C U    0.0.0 

3650 prfB  peptide chain release factor 2 367    OM C    2.2.10 

3660  conserved hypothetical protein 249    C U    0.0.2 

3670 gatA  glutamyl-tRNA(Gln) amidotransferase subunit A 487    OM U   6.3.5.7 2.2.01 

3680 folC  folylpolyglutamate synthase/dihydrofolate synthase* 431    C U   
6.3.2.17, 
6.3.2.12 

3.2.05 

3690 hemC  porphobilinogen deaminase 299    C U   2.5.1.61 3.2.06 

3700 typA  GTP-binding protein TypA/BipA* 612    C C    7.0.0 

3701  unknown 106    C U    0.0.0 

3710 nuoI  NADH-quinone oxidoreductase chain I 168 1  1 th C C   1.6.99.5 3.5.3 

3720 sipF  prokaryotic type I signal peptidase 238 1  signal C IM   3.4.21.89 2.2.10 

3730  unknown 153    C U  27 bp x 2.2  7.0.0 

3740  metal dependent phosphohydrolase* 403    C C    7.0.0 

3750  unknown 1674    OM C  
27 bp x 8.3, 
144 bp x 3.9 

 7.0.0 

3760  integral membrane protein* 308 6  6 th IM IM    4.1.1 

3770 argG  argininosuccinate synthase 394    C C   6.3.4.5 3.1.02 

3780  exported protein* 223  signal signal OM IM    4.1.0 

3790  exported protein* 235  signal signal OM OM    4.1.0 

3800 argJ  arginine biosynthesis bifunctional protein ArgJ 419    E C   
2.3.1.1, 
2.3.1.35 

3.1.02 

3810 exoA  exodeoxyribonuclease* 278    C C   3.1.11.2 2.2.03 

3820  integral membrane protein* 260 6  6 th IM IM    4.1.1 

3830  integral membrane protein* 276 6  6 th IM IM    4.1.1 

3840 fabG  3-oxoacyl-[acyl carrier protein] reductase 245    C C   1.1.1.100 3.6.1 

3850 putA  
proline dehydrogenase/delta-1-pyrroline-5-carboxylate 
dehydrogenase 

1043   1 th C C   
1.5.99.8, 
1.5.1.12 

3.1.16 

3860  membrane protein* 171 1
‡
  1 th E U    4.1.1 

3870 bioA  
adenosylmethionine-8-amino-7-oxononanoate 
aminotransferase 

425    C U   2.6.1.62 3.2.02 

3880  conserved hypothetical protein 471    OM U    0.0.2 

3890  unknown 126    P U    0.0.0 

3900  unknown 189    C U    0.0.0 

3910  unknown 129    C U    0.0.0 
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3920  unknown 136    C U    0.0.0 

3930  unknown 188    C C    0.0.0 

3940  unknown 115    C C    0.0.0 

3950 rpmJ  50S ribosomal protein L36 42    C U    4.2.2 

3960 rpoH  RNA polymerase sigma-32 factor 296    C C +   2.2.11 

3970  unknown 198    C C    7.0.0. 

3980  unknown 3002    OM E  
144 bp x 2.7, 
36 bp x 2.7, 
93 bp x 9.2 

 7.0.0 

3990 atpG  ATP synthase gamma chain 283   1 th OM U   3.6.3.14 3.5.9 

4000 folE  GTP cyclohydrolase I 190    C IM   3.5.4.16 3.2.05 

4010 pmbA  PmbA protein* 455    OM C    1.3.1 

4020  pyridine nucleotide-disulphide oxidoreductase* 337 1   OM C    3.3.00 

4030 ksgA  dimethyladenosine transferase 262 1   C U   2.1.1.- 2.2.11 

4040 tpiA  triosephosphate isomerase 240    OM U   5.3.1.1 3.3.04 

4050  exported protein* 326  signal signal C IM    4.1.0 

4060 gcp  o-sialoglycoprotein endopeptidase 348    C E   3.4.24.57 2.1.4 

4070  integral membrane protein* 193 3  3 th IM IM    4.1.1 

4080 folB  dihydroneopterin aldolase
†
 115    C U   4.1.2.25 3.2.05 

4090 mdh  malate dehydrogenase 314    C C   1.1.1.37 3.5.8 

4100 rpiB  ribose 5-phosphate isomerase B 146    C C   5.3.1.6 3.3.09 

4110 ubiG  3-demethylubiquinone-9 3-methyltransferase* 241    C C   2.1.1.64 3.2.08 

4120  conserved hypothetical protein 156    C U    0.0.2 

4130  conserved hypothetical protein 240    P U    0.0.2 

4140  unknown 522    OM U    7.0.0 

4150 iscS  cysteine desulfurase 413    C C   4.4.1.- 2.2.11 

4160  NifU-like protein* 137    P U    3.3.19 

4170  conserved hypothetical protein 149    C U    0.0.2 

4180 hscB  co-chaperone protein HscB
†
 145    C U    1.3.1 

4190 hscA  chaperone protein HscA 616    C C    1.3.1 

4200 fdxB  ferredoxin, 2FE-2S 122    C C    3.5.3 

4210  membrane protein* 356 1
‡
  signal OM U    4.1.1 

4211  cytochrome c-type biogenesis protein
†
 125 1  1 th C U    2.2.13 

4220 lysS  lysyl-tRNA synthetase 512    C C  21 bp x 2.0 6.1.1.6 2.2.01 

4230  integral membrane protein* 135 2  signal C U    4.1.1 

4240 truA  tRNAPSeudouridine synthase A 246    C U   4.2.1.70 2.2.01 

4250 pyrB  aspartate carbamoyltransferase 306    C C   2.1.3.2 3.7.2 

4260 gyrB  DNA gyrase subunit B 798    C U   5.99.1.3 2.2.03 

4261  unknown 84    P U    0.0.0 
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4270 nuoG  NADH-quinone oxidoreductase chain G 684    C C   1.6.99.5 3.5.3 

4280 nuoH  NADH-quinone oxidoreductase chain H 367 8  8 th IM IM   1.6.99.5 3.5.3 

4310 gltX2  glutamyl-tRNA synthetase 2 470    C C   6.1.1.17 2.2.01 

4320  unknown 425    C C    0.0.0 

4330 mutM  formamidopyrimidine-DNA glycosylase 269    C U   3.2.2.23 2.2.03 

4340  unknown 392    OM U    0.0.0 

4350  unknown 409    OM U    0.0.0 

4360  unknown 157    OM U    0.0.0 

4370 miaA  tRNA delta(2)-isopentenylpyrophoshate transferase* 300    C U   2.5.1.8 2.2.11 

4390  unknown 240    C C    0.0.0 

4400  unknown 994    C U    0.0.0 

4410  type IV secretion system protein
†
 232 1  1 th OM OM    1.5.6 

4420 nuoD  NADH-quinone oxidoreductase chain D 393    C C   1.6.99.5 3.5.3 

4430 nuoE  NADH-quinone oxidoreductase chain E 183    C C   1.6.99.5 3.5.3 

4440  integral membrane protein* 195 
#
4  4 th C IM    4.1.1 

4450  unknown 280    OM U    0.0.0 

4460 pccB  propionyl-CoA carboxylase beta chain 510    C U   6.4.1.3 3.4.4 

4470  exported protein* 385  signal signal OM OM    4.1.0 

4480 argB  acetylglutamate kinase 305    C U   2.7.2.8 3.1.02 

4490 engB  GTP binding protein EngB* 200    C U    1.7.1 

4500 prfA  peptide release factor 1 359    C C    2.2.10 

4510  sodium:dicarboxylate symporter (glutamate)* 402 8  8 th IM IM    1.5.1 

4520 rmuC  DNA recombination protein RmuC 436 1  signal C U    2.2.03 

4530  unknown 199    E U  22 bp x 2.0  0.0.0 

4540 serS  seryl-tRNA synthetase 427    C C   6.1.1.11 2.2.01 

4550 hemF  coproporphyrinogen III oxidase 288    E U   1.3.3.3 3.2.06 

4560  conserved hypothetical protein 95    C C    0.0.1 

4570 tal  transaldolase* 220    C U   2.2.1.2 3.3.09 

4580 atpC  ATP synthase epsilon chain
†
 134    C C   3.6.3.14 3.5.9 

4590 atpD  ATP synthase beta chain 504    C U   3.6.3.14 3.5.9 

4600  magnesium transporter* 456 4  5 th IM IM    1.5.2 

4610  membrane protein* 124 1
‡
  1 th C C    4.1.1 

4620  membrane protein* 134 1
‡
  1 th IM U    4.1.1 

4630  membrane protein* 125 1
‡
  1 th P U    4.1.1 

4640  membrane protein* 123 1  1 th P U    4.1.1 

4650  unknown 771    C C    0.0.0 

4660 clpA  ATP-dependent Clp protease, ATP-binding subunit 764    C C   3.4.21.92 2.1.4 

4670  conserved hypothetical integral membrane protein 235 7  7 th IM IM    4.1.1 

4680 rbfA  ribosome-binding factor A* 115    C C    2.2.11 
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4690 infB  translation initiation factor IF-2 856    C C    2.2.10 

4700 nusA  N utilization substance protein A* 517    C C    2.2.11 

4710  integral membrane transport protein* 1039 12  12 th IM IM    1.5.5 

4720 tatC  Sec-independent protein translocase protein TatC 250 5  6 th IM IM    1.5.5 

4730 ispG  1-hydroxy-2-methyl-2-(E)-butenyl 4-diphosphate synthase* 422    C U  
247 bp x 2.1 
(N-terminus) 

1.17.4.3 3.2.08 

4740  exported protein* 639  signal signal E OM  138 bp x 6.9  4.1.0 

4750 dxr  1-deoxy-D-xylulose 5-phosphate reductoisomerase 387 1  1 th IM U   1.1.1.267 3.2.08 

4760 nuoN  NADH-quinone oxidoreductase chain N 474 13  14 th IM IM   1.6.99.5 3.5.3 

4770 nuoM  NADH-quinone oxidoreductase chain M 486 14  
14 th, 
signal 

IM IM   1.6.99.5 3.5.3 

4780 nuoL  NADH-quinone oxidoreductase chain L 622 16  
17 th, 
signal 

IM IM +  1.6.99.5 3.5.3 

4790 nuoK  NADH-quinone oxidoreductase chain K 108 3  3 th IM IM   1.6.99.5 3.5.3 

4800 nuoJ  NADH-quinone oxidoreductase chain J 200 5  5 th IM IM   1.6.99.5 3.5.3 

4810 nuoF  NADH-quinone oxidoreductase chain F 425   1 th C C   1.6.99.5 3.5.3 

4820 rpmA  50S ribosomal protein L27 88    C U    4.2.2 

4830 rplU  50S ribosomal protein L21 102    C U    4.2.2 

4840 eno  enolase 421    C C   4.2.1.11 3.3.15 

4850  conserved hypothetical GTP-binding protein 340    C C  9 bp x 3.0  0.0.2 

4860 mraW  S-adenosyl-methyltransferase MraW* 301    OM C   2.1.1.- 7.0.0 

4870 ileS  isoleucyl-tRNA synthetase 1104    C C   6.1.1.5 2.2.01 

4880  bacterioferritin comigratory protein
†
 147    C U    7.0.0 

4890  conserved hypothetical protein 238    C C    0.0.2 

4900  unknown 173    C C    7.0.0 

4910 argS  arginyl-tRNA synthetase 576   1 th C C   6.1.1.19 2.2.01 

4920 recO  DNA repair protein RecO
†
 244    C U    2.2.03 

4930  unknown 186    E U    0.0.0 

4950  competence protein
†
 492    C C    7.0.0 

4960  integral membrane protein* 129 2  2 th P U    4.1.1 

4970 rbn  tRNA processing ribonuclease BN
†
 277 5  6 th IM IM    2.2.12 

4980 thiL  thiamine-monophosphate kinase* 316    C IM   2.7.4.16 3.2.14 

4990 dnaQ  DNA polymerase III, epsilon subunit 242    C C   2.7.7.7 2.2.03 

5000  exported protein* 490  signal signal OM OM    4.1.0 

5010  exported protein* 564  signal signal OM OM  24 bp x 2.1  4.1.0 

5020 petC  cytochrome c1 precursor 252 1 signal 1 th, signal P U    3.5.3 

5030 petB  cytochrome b 408 9  9 th IM IM  20 bp x 2.0  3.5.3 

5040 petA  ubiquinol-cytochrome c reductase iron-sulphur subunit 187 1  1 th C U   1.10.2.2 3.5.3 

5050  integral membrane protein* 290 5  5 th IM IM    4.1.1 

5060  ABC transporter, membrane-spanning protein* 266 7  8 th IM IM    1.5.7 
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5070  conserved hypothetical protein 120    C C    0.0.2 

5080 tsf  elongation factor Ts 288    C C    2.2.10 

5090 rpsB  30S ribosomal protein S2 286    C U    4.2.2 

5100 maf  septum formation protein Maf
†
 192    OM U    7.0.0 

5110 infA  translation initiation factor IF-1* 82    C C    2.2.10 

5120  secretion protein
†
 363 1  1 th OM U    7.0.0 

5130  
dihydrolipoamide dehydrogenase, E3 component of pyruvate 
or 2-oxoglutarate dehydrogenase complex* 

465    C C   1.8.1.4 3.5.0 

5140  exported protein* 389  signal signal OM U    4.1.0 

5150 gpmI  
2,3-bisphosphoglycerate-independent phosphoglycerate 
mutase 

501    C C   5.4.2.1 3.3.15 

5160 engA  GTP binding protein EngA* 439    C U    7.0.0 

5170 carA  carbamoyl-phosphate synthase small chain 374    E U   6.3.5.5 3.1.02 

5180 ispH  4-hydroxy-3-methylbut-2-enyl diphosphate reductase 328    C U   1.17.1.2 3.2.08 

5190 dut  deoxyuridine 5'-triphosphate nucleotidohydrolase* 124    C U   3.6.1.23 3.3.11 

5200  conserved hypothetical protein 203    C U    0.0.1 

5210  type IV secretion system protein
†
 2455 4 signal 6 th, signal OM OM  

261 bp x 5.1, 
222 bp x 3.9, 
180 bp x 1.9 

 1.5.6 

5220  type IV secretion system protein
†
 1529 6 signal 5 th, signal OM OM  

216 bp x 2.4, 
15 bp x 2.3 

 1.5.6 

5230  type IV secretion system protein
†
 911 7 signal 7 th, signal OM IM    1.5.6 

5240 virB6  type IV secretion system protein VirB6 821 8 signal 9 th, signal IM IM    1.5.6 

5250 virB4  type IV secretion system protein VirB4 800    C U    1.5.6 

5260 virB3  type IV secretion system protein VirB3 97 2  2 th IM U    1.5.6 

5270 sodB  superoxide dismutase [Fe] 210    E U   1.15.1.1 1.4.2 

5280  ABC transporter, membrane-spanning protein* 420 6  6 th IM IM    1.5.7 

5290 lipA  lipoic acid synthetase 292    C C    3.2.07 

5300  unknown 464    OM U    0.0.0 

5310  integral membrane protein* 1392 2  3 th C C    4.1.1 

5320 bccA  acetyl-/propionyl-coenzyme A carboxylase alpha chain* 660    C C  14 bp x 2.1 6.3.4.14 3.6.1 

5330 rluD  ribosomal large subunitPSeudouridine synthase D 324    C U   4.2.1.70 2.2.11 

5340 lysA  diaminopimelate decarboxylase* 420    C U   4.1.1.20 3.1.13 

5350 rpmB  50S ribosomal protein L28 100    C U    4.2.2 

5360 priA  primosomal protein N' 659    OM U    2.2.03 

5370  exported protein* 325  signal signal C U    4.1.0 

5380 hemD  uroporphyrinogen-III synthase* 242    C U   4.2.1.75 3.2.06 

5390  aminopeptidase
†
 572    C U    7.0.0 

5400  unknown 173   1 th OM U    7.0.0 

5410  conserved hypothetical protein 275    C C    0.0.2 

5420 era  GTP-binding protein ERA* 296    C U    7.0.0 
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5430 ffh  signal recognition particle protein 450    C C    1.5.5 

5440  NADH-quinone oxidoreductase subunit* 528 15  16 th IM IM   1.6.99.5 3.5.3 

5450  unknown 264    OM U    0.0.0 

5460  unknown 258    C U    0.0.0 

5470  membrane protein* 158 1  1 th C U    4.1.1 

5480  membrane protein* 111 1
‡
  signal C IM    4.1.1 

5490  conserved hypothetical protein 153    C U    0.0.2 

5500 dnaK  chaperone protein DnaK 645    C U    1.3.1 

5510  ribonuclease* 610    OM U   3.1.4.- 2.1.2 

5520  integral membrane protein* 111 3  3 th IM IM    4.1.1 

5530  Na+/H+ antiporter subunit* 139 4  4 th IM IM    1.5.2 

5540  integral membrane protein* 181 6  6 th IM IM    4.1.1 

5550  Na+/H+ antiporter subunit* 99 3  3 th IM IM    1.5.2 

5560  integral membrane protein* 88 3  2 th, signal IM IM    4.1.1 

5570  unknown 552    OM U  183 bp x 3.0  0.0.0 

5580  unknown 344    E U    0.0.0 

5590  unknown 213    C C    0.0.0 

5600 tkt  transketolase 671    C U   2.2.1.1 3.3.09 

5610  carboxypeptidase
†
 491    C U    2.1.4 

5620  unknown 217   signal P OM    7.0.0 

5630 purA  adenylosuccinate synthetase 430    C C   6.3.4.4 3.7.1 

5640  Holliday junction resolvase
†
 156    C U   3.1.-.- 2.2.03 

5650 nrdA  ribonucleoside-diphosphate reductase alpha chain* 595    C U   1.17.4.1 3.7.0 

5660 ispA  geranyltranstransferase* 276    C C   2.5.1.10 3.2.08 

5670  membrane protein* 317 1
‡
  signal C U    4.1.1 

5680 thiO  thiamine biosynthesis oxidoreductase* 354  signal  C C    3.2.14 

5690  deaminase
†
 145    C U   3.5.4.- 7.0.0 

5700  membrane protein* 142 1  1 th C U    4.1.1 

5710 dnaB  replicative DNA helicase 486    C C +  3.6.1.- 2.2.03 

5720 fabH  3-oxoacyl-[acyl-carrier-protein] synthase III 319 1  1 th IM U   2.3.1.41 3.6.1 

5730 plsX  fatty acid/phospholipid synthesis protein 336    C C    2.2.07 

5740 rpmF  50S ribosomal protein L32 60    C U    4.2.2 

5750 tgt  queuine tRNA-ribosyltransferase 378    C U   2.4.2.29 2.2.12 

5760 pstB  phosphate ABC transporter, ATP-binding protein* 253    C U   3.6.3.27 1.5.7 

5770 dapB  dihydrodipicolinate reductase 264    C U   1.3.1.26 3.1.13 

5780  monooxygenase* 164    C U    7.0.0 

5790 ubiA  4-hydroxybenzoate octaprenyltransferase 295 8  8 th IM IM   2.5.1.- 3.2.08 

5791 rpmH  50S ribosomal protein L34 44    C U    4.2.2 

5800 rnpA  ribonuclease P protein component* 122    C U   3.1.26.5 2.2.11 
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5810  integral membrane transport protein* 437 11  11 th IM IM    1.5.5 

5820  competence protein
†
 650 12  11 th IM IM  

142 bp x 10 
(C-terminus) 

 1.5.5 

5830 pheT  phenylalanyl-tRNA synthetase beta chain 789    C C   6.1.1.20 2.2.01 

5840 rplQ  50S ribosomal protein L17  128    C C    4.2.2 

5850 rpoA  DNA-directed RNA polymerase alpha chain 358    C C   2.7.7.6 2.2.11 

5860 rpsK  30S ribosomal protein S11 127    P U    4.2.2 

5870 rpsM  30S ribosomal protein S13 123    C C    4.2.2 

5880 adk  adenylate kinase  220    C C   2.7.4.3 3.7.1 

5890 secY  preprotein translocase secY subunit 432 11  11 th IM IM    1.5.5 

5900 rplO  50S ribosomal protein L15 157    C U    4.2.2 

5910 rpsE  30S ribosomal protein S5 174    C C    4.2.2 

5920 rplR  50S ribosomal protein L18 120    C C    4.2.2 

5930 rplF  50S ribosomal protein L6 178    OM U    4.2.2 

5940 rpsH  30S ribosomal protein S8 132    C C    4.2.2 

5950 rpsN  30S ribosomal protein S14 101    C U    4.2.2 

5960 rplE  50S ribosomal protein L5 177    C U    4.2.2 

5970 rplX  50S ribosomal protein L24 109    P U    4.2.2 

5980 rplN  50S ribosomal protein L14 119    C U    4.2.2 

5990 rpsQ  30S ribosomal protein S17 74    C U    4.2.2 

5991 rpmC  50S ribosomal protein L29 67    C C    4.2.2 

6000 rplP  50S ribosomal protein L16 136    P U    4.2.2 

6010 rpsC  30S ribosomal protein S3 211    C U    4.2.2 

6020 rplV  50S ribosomal protein L22 114    C U    4.2.2 

6030 rpsS  30S ribosomal protein S19 93    P U    4.2.2 

6040 rplB  50S ribosomal protein L2 276    E U    4.2.2 

6050 rplW  50S ribosomal protein L23 96    C U    4.2.2 

6060 rplD  50S ribosomal protein L4 205    C U    4.2.2 

6070 rplC  50S ribosomal protein L3 231    P U    4.2.2 

6080 rpsJ  30S ribosomal protein S10 111    C U    4.2.2 

6090 tufB  elongation factor Tu-B 395    C C    2.2.10 

6100  tRNA/rRNA methyltransferase* 249    C U   2.1.1.- 2.2.11 

6110 cmk  cytidylate kinase* 212    C U   2.7.4.14 3.7.2 

6120 rpsA  30S ribosomal protein S1 565    OM C    4.2.2 

6130  peptidase* 289 1  1 th OM U   3.4.21.- 2.1.4 

6140 ihfB  integration host factor beta subunit
†
 87    C U    2.2.03 

6150  unknown 97    C C    0.0.0 

6160  unknown 121    C C    0.0.0 

6170  integral membrane protein* 325 5  4 th IM IM    4.1.1 

 
 
 



Appendix E 

 238

Erum gene product length TMHMM SignalP Phobius CELLO pSORTb HTH tandem EC class 

ID name  (aa)       repeats number  

6180 hemH  ferrochelatase 313   signal C C   4.99.1.1 3.2.06 

6190  ATPase* 357   1 th C U    7.0.0 

6200  unknown 101    C U    0.0.0 

6210  integral membrane protein* 285 3  3 th IM IM    4.1.1 

6220  unknown 125    C U    7.0.0 

6230  exported protein* 134  signal signal P U    4.1.0 

6240  membrane protein* 81 1
‡
  signal P U    4.1.1 

6250 recB  exodeoxyribonuclease V beta chain* 857    C U + 
132 bp x 5.4 
(C-terminus) 

3.1.11.5 2.2.03 

6260 qor  quinone oxidoreductase* 324    C U   1.6.5.5 3.5.3 

6270  ABC transporter, ATP-binding protein* 593 5  5 th IM IM    1.5.7 

6280 folP1  dihydropteroate synthase 1* 274    C U   2.5.1.15 3.2.05 

6290 folP2  dihydropteroate synthase 2* 283    C C   2.5.1.15 3.2.05 

6300  integral membrane protein* 352 2  2 th C U    4.1.1 

6310 carB  carbamoyl-phosphate synthase, large subunit 1075    C U   6.3.5.5 3.1.02 

6320  unknown 105    C U    0.0.0 

6330 fumC  fumarate hydratase class II 461    C C   4.2.1.2 3.5.8 

6350 pyrC  dihydroorotase 449    C U   3.5.2.3 3.7.2 

6360 lipB  lipoate-protein ligase B 208    C C   6.-.-.- 2.2.0 

6370 purN  phosphoribosylglycinamide formyltransferase 212    IM U   2.1.2.2 3.7.1 

6380 pepA  cytosol aminopeptidase 500   1 th OM U   3.4.11.1 2.1.4 

6390  dioxygenase* 244 1  1 th E U   1.3.11.- 7.0.0 

6400 clpB  heat shock protein ClpB 859    C C    1.3.1 

6410  oxidoreductase* 249    OM C   1.-.-.- 7.0.0 

6420 groEL  60 kDa chaperonin GroEL 551    C U    1.3.1 

6430 groES  10 kDa chaperonin GroES 94    C C    1.3.1 

6440 radC  DNA repair protein RadC 230    C U    2.2.03 

6450 purQ  phosphoribosylformylglycinamidine synthase I
†
 265    C U   6.3.5.3 3.7.1 

6460 gidA  glucose inhibited division protein A 625    OM U    1.7.1 

6470 glpX  fructose-1,6-bisphosphatase class II GlpX 306    C C   3.1.3.11 3.3.04 

6480  peptidase* 204   signal C U    7.0.0 

6490  unknown 151    C C    0.0.0 

6500 bioB  biotin synthase 322    C C   2.8.1.6 3.2.02 

6510 purL  phosphoribosylformylglycinamidine synthase II* 1010    C U  
185 bp x 6.2 
(C-terminus) 

6.3.5.3 3.7.1 

6520 folK  
2-amino-4-hydroxy-6-hydroxymethyldihydropteridine 
pyrophosphokinase* 

174    C U  
124 bp x 4.4 
(C-terminus) 

2.7.6.3 3.2.05 

6530  unknown 210   signal E U    0.0.0 

6540  zinc metallopeptidase* 433 2
‡
  signal IM IM    7.0.0 

6550  conserved hypothetical protein 121    C U    0.0.2 
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6560  unknown 295    C U    0.0.0 

6570  unknown 212    C U    0.0.0 

6580 purM  phosphoribosylformylglycinamidine cyclo-ligase 342    C U   6.3.3.1 3.7.1 

6590  integrase/recombinase XerD or XerC* 312    C U    2.2.03 

6600 gpsA  glycerol-3-phosphate dehydrogenase [NAD(P)+] 327   signal C IM   1.1.1.94 2.2.07 

6610  
response regulator component of a two-component regulatory 
system* 

471    C C +   6.1.2 

6620 ftsQ  cell division protein FtsQ* 271 1  1 th C C    1.7.1 

6640 gshB  glutathione synthetase 312    C C   6.3.2.3 3.2.18 

6650  exported protein* 200  signal signal IM P    4.1.0 

6660 aspS  aspartyl-tRNA synthetase 590    C C   6.1.1.12 2.2.01 

6670  haloacid dehalogenase-like hydrolase* 210    E U   3.1.3.- 7.0.0 

6680  integral membrane protein* 170 3  3 th IM IM    4.1.1 

6690 ppdK  pyruvate phosphate dikinase 873    C C   2.7.9.1 3.3.15 

6700  NADH-quinone oxidoreductase subunit* 492 13  14 th IM IM   1.6.99.5 3.5.3 

6710  conserved hypothetical protein 258   1 th C U    0.0.2 

6720  c-type cytochrome* 174 1  1 th P IM    3.5.3 

6730 folD  
methylenetetrahydrofolate 
dehydrogenase/methenyltetrahydrofolate cyclohydrolase 

300    C U   
1.5.1.5 
3.5.4.9 

3.2.05 

6740 gmk  guanylate kinase 209    C C   2.7.4.8 3.7.1 

6750 ccmC  heme exporter protein C 234 6  6 th IM IM    1.5.7 

6760 ruvA  Holliday junction DNA helicase RuvA* 191    C U    2.2.03 

6770 ruvB  Holliday junction DNA helicase RuvB 331    C C    2.2.03 

6780 bcr  bicyclomycin resistance protein* 398 12  12 th IM IM    1.5.5 

6790 thyX  thymidylate synthase complementing protein* 285    C U   2.1.1.148 7.0.0 

6800 sdhB  succinate dehydrogenase iron-sulfur subunit 258    C U   1.3.99.1 3.5.8 

6810 sdhA  succinate dehydrogenase flavoprotein subunit 598    C U   1.3.99.1 3.5.8 

6820  
ABC transporter, ATP-binding and membrane-spanning 
protein* 

583 5  6 th OM IM    1.5.7 

6830  unknown 109    C U    0.0.0 

6840 glyA  serine hydroxymethyltransferase 421    C C   2.1.2.1 3.1.09 

6850 rplI  50S ribosomal protein L9 207    C C    4.2.2 

6860 rpsR  30S ribosomal protein S18 95    C U    4.2.2 

6870 rpsF  30S ribosomal protein S6 109    C U    4.2.2 

6880  integral membrane protein* 203 3  3 th IM IM    4.1.1 

6890  integral membrane protein* 881 20  22 th IM IM    4.1.1 

6900 radA  DNA repair protein RadA 450    OM U    2.2.03 

6910 dsbE  thiol:disulfide interchange protein* 166 1
‡
  signal C P    2.2.13 

6920  conserved hypothetical protein 73    C C    0.0.2 

6930  glutaredoxin-related protein
†
 110    C C    7.0.0 
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6940 ligA  NAD-dependent DNA ligase 674    OM U  
238 bp x 3.2 
(C-terminus) 

6.5.1.2 2.2.03 

6950  exonuclease* 389    OM U    7.0.0 

6960  
histidine kinase sensor component of a two-component 
regulatory system* 

710 5  5 th IM IM    6.1.2 

6970  unknown 95    C C    7.0.0 

6980  conserved hypothetical protein 280    E U    0.0.2 

6990 dcd  deoxycytidine triphosphate deaminase* 185    P U   3.5.4.13 3.7.2 

7000 purC  phosphoribosylaminoimidazole-succinocarboxamide synthase 250    C U   6.3.2.6 3.7.1 

7010 hisS  histidyl-tRNA synthetase 414    OM C   6.1.1.21 2.2.01 

7020  integral membrane protein* 987 2  2 th IM C    4.1.1 

7030  disulfide oxidoreductase* 250 1
‡
  signal C U    1.3.1 

7040  cytochrome c oxidase assembly protein* 359 8  8 th IM IM    2.2.13 

7050 ccmA  heme exporter protein A 213    C U    1.5.7 

7060  unknown 546    C C    0.0.0 

7070  membrane protein* 1373 1  1 th OM C  
141 bp x 3.9, 
198 bp x 5.2 

 4.1.1 

7080  membrane protein* 899 1  1 th OM U    4.1.1 

7090  membrane protein* 228 1
‡
  1 th C C    4.1.1 

7100  membrane protein* 250 1
‡
  1 th C U    4.1.1 

7110  exported protein* 182  signal 1 th C U    4.1.0 

7120  exported protein* 204  signal 1 th C C    4.1.0 

7130  membrane protein* 186 1
‡
  1 th C C    4.1.1 

7140  membrane protein* 197 1
‡
  1 th OM C    4.1.1 

7150  membrane protein* 142 1  1 th C U    4.1.1 

7160  membrane protein* 172 1  1 th C C    4.1.1 

7170  methylpurine-DNA glycosylase* 188    C U  
178 bp x 2.8 
(C-terminus) 

3.2.2.- 2.2.03 

7180  membrane protein* 241 1
‡
  1 th C U    4.1.1 

7190  unknown 281    OM C    0.0.0 

7200  unknown 360    C C    0.0.0 

7220  cytidylyltransferase* 228 6  6 th IM IM + 
181 bp x 1.9 
(C-terminus) 

2.7.7.41 3.6.1 

7230 frr  ribosome recycling factor 185    C C    2.2.10 

7240 pyrH  uridylate kinase 244    C U   2.7.4.- 3.3.11 

7250  membrane protein* 999 1  1 th OM OM    4.1.1 

7260 rnhA  ribonuclease HI 146    C U   3.1.26.4 2.1.2 

7270  membrane protein* 198 1
‡
  1 th P U    4.1.1 

7280  membrane protein* 181 1  1 th C U    4.1.1 

7290 mfd  transcription-repair coupling factor 1122    C U    2.2.03 

7300  integral membrane protein* 157 2  signal, 1 th E U    4.1.1 
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7310  integral membrane protein* 202 2  signal, 1 th E U    4.1.1 

7320  integral membrane protein* 266 2  1 th OM U    4.1.1 

7330  membrane protein* 291 1  signal, 1 th OM U    4.1.1 

7340  membrane protein* 122 1  1 th C U    4.1.1 

7350  membrane protein* 145 1  1 th E U    4.1.1 

7360  membrane protein* 147 1  1 th IM U    4.1.1 

7370  integral membrane protein* 169 2  2 th E U    4.1.1 

7380  membrane protein* 157 1  1 th C C    4.1.1 

7390 ribE  riboflavin synthase, alpha subunit* 202    E U   2.5.1.9 3.2.13 

7400  unknown 467    C U    0.0.0 

7410  zinc protease* 421    E U   3.4.24.- 2.1.4 

7420  conserved hypothetical protein 241   signal C U +   0.0.2 

7430 secB  protein-export protein SecB* 174    C U    1.3.1 

7440  conserved hypothetical protein 213   signal C U    0.0.1 

7450  integral membrane protein* 409 12  12 th IM IM    4.1.1 

7460 tmk  thymidylate kinase* 202    C C   2.7.4.9 3.7.2 

7470 fabD  malonyl CoA-acyl carrier protein transacylase* 320    IM U   2.3.1.39 3.6.1 

7480 rpmE  50S ribosomal protein L31 75    C C    4.2.2 

7490 ppnK  inorganic polyphosphate/ATP-NAD kinase* 263    OM U   2.7.1.23 3.3.0 

7500 guaB  inosine-5'-monophosphate dehydrogenase 485    C U   1.1.1.205 3.7.1 

7510  unknown 281    C U    7.0.0 

7520 pdhA  pyruvate dehydrogenase E1 component, alpha subunit 329    C U   1.2.4.1 3.5.7 

7530  conjugal transfer protein* 258   signal OM U    1.5.6 

7540 trxA  thioredoxin 1 107    C C    3.2.15 

7550  conserved hypothetical protein 413    C C    0.0.2 

7560 xseB  exodeoxyribonuclease VII small subunit* 62    C C   3.1.11.6 2.1.1 

7570  NADH-ubiquinone oxidoreductase* 97    P U   1.6.99.3 3.5.3 

7580  integral membrane transport protein* 304 10  10 th IM IM    1.5.5 

7590  conserved hypothetical protein 194    OM U    0.0.2 

7600  membrane protein* 425 1  signal OM U  16 bp x 1.9  4.1.1 

7610 gltX1  glutamyl-tRNA synthetase 1 443    C C   6.1.1.17 2.2.01 

7620  integral membrane protein* 120 3  3 th IM U    4.1.1 

7630 thiG  thiazole biosynthesis protein 261    C U    3.2.14 

7640  thiamin S protein
†
 74    C U    3.2.14 

7650  unknown 468    E U    0.0.0 

7660  NifU-related protein* 185    C C    7.0.0 

7661  unknown 84    C U    7.0.0 

7670 rho2  transcription termination factor 2 458    C C    2.2.11 

7680 hslV  ATP-dependent protease HslV 189    C C   3.4.25.- 2.1.4 
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7690 hslU  ATP-dependent hsl protease ATP-binding subunit 488    C C    2.1.4 

7700 ubiE  ubiquinone/menaquinone biosynthesis methyltransferase UbiE 230    C U   2.1.1.- 3.2.08 

7710 metG  methionyl-tRNA synthetase 506    C C   6.1.1.10 2.2.01 

7720  aspartate kinase* 415    C U   2.7.2.4 3.1.13 

7730 coxB  cytochrome c oxidase subunit 2* 258 3  2 th, signal IM IM   1.9.3.1 3.5.3 

7740 coxA  cytochrome c oxidase subunit 1* 518 12   IM IM   1.9.3.1 3.5.3 

7750 ctaB  protoheme IX farnesyltransferase* 295 9  9 th IM IM   2.5.1.- 3.5.1 

7760  exported lipoprotein* 250  signal signal C U    4.1.0 

7770 purD  phosphoribosylamine--glycine ligase 423    C C   6.3.4.13 3.7.1 

7780  preprotein translocase subunit YajC* 122 1  1 th ,signal C U    1.5.5 

7790  unknown 234    OM U    0.0.0 

7800  outer membrane efflux protein* 415  signal signal OM OM    1.5.5 

7810 rplM  50S ribosomal protein L13 156    P U    4.2.2 

7820 rpsI  30S ribosomal protein S9 153    E U    4.2.2 

7830 argC  N-acetyl-gamma-glutamyl-phosphate reductase 347 1  1 th C U   1.2.1.38 3.1.02 

7840 ppa  inorganic pyrophosphatase 173    C C   3.6.1.1 3.3.13 

7850  unknown 209    C U +   7.0.0 

7860  
response regulator component of a two-component regulatory 
system* 

267    C C    6.1.2 

7870  exonuclease
†
 205    C C    7.0.0 

7880 dnaN  DNA polymerase III, beta subunit 375    C C   2.7.7.7 2.2.03 

7890  conserved hypothetical protein 349    C U    0.0.2 

7900 prsA  ribose-phosphate pyrophosphokinase 318    C U   2.7.6.1 3.7.1 

7910 gatC  glutamyl-tRNA(Gln) amidotransferase subunit C* 114    C U   6.3.5.- 2.2.01 

7920 acnA  aconitate hydratase 875    OM C   4.2.1.3 3.5.8 

7930  conserved hypothetical protein 134    C U    0.0.2 

7940 purK  phosphoribosylaminoimidazole carboxylase ATPase subunit 359    C U   4.1.1.21 3.7.1 

7950  ATP/GTP-binding membrane protein* 735 1  1 th OM U    4.1.1 

7960  unknown 1304   signal OM OM  15 bp x 2.7  7.0.0 

7970  exported protein* 1710  signal signal OM OM    4.1.0 

7980  type IV secretion system protein
†
 790    C C    1.5.6 

7990  integral membrane protein* 125 3  signal, 2 th IM IM    4.1.1 

8000  integral membrane protein* 112 3  signal, 2 th IM IM    4.1.1 

8010  integral membrane protein* 118 3  signal, 2 th IM IM    4.1.1 

8020  integral membrane protein* 124 3  signal, 2 th IM IM    4.1.1 

8030 hflK  HflK protein
†
 356   1 th C U    7.0.0 

8040 hflC  HflC membrane protein
†
 290 1

‡
  1 th C U   3.4.-.- 4.1.1 

8050  exported serine protease* 476  signal signal OM P   3.4.21.- 2.1.4 

8060  exported protein* 204  signal signal OM U    4.1.0 
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8070 rnc  ribonuclease III 227    C C   3.1.26.3 2.1.2 

8080 ctaG  cytochrome c oxidase assembly protein 177  signal signal P U    2.2.13 

8090  exported peptidase* 438  signal signal C P   3.4.24.- 2.1.4 

8100  exported M16 family peptidase* 455  signal signal E U   3.4.24.- 2.1.4 

8110  integral membrane protein* 224 4  4 th IM IM    4.1.1 

8120 lspA  lipoprotein signal peptidase 149 3  4 th IM IM   3.4.23.36 2.2.06 

8130 ribF  riboflavin kinase/FAD synthetase 306    C C   
2.7.1.26, 
2.7.7.2 

3.2.13 

8140 grxC  glutaredoxin 3* 95    C U    3.2.15 

8150  methyltransferase* 280    C U   2.1.1.- 7.0.0 

8160 map  methionine aminopeptidase 266    C C   3.4.11.18 2.2.10 

8170  unknown 372    C IM    0.0.0 

8180  unknown 150    OM U    0.0.0 

8190  unknown 563    OM C    0.0.0 

8200 sucB 
dihydrolipoamide succinyltransferase, E2 component of 2-
oxoglutarate dehydrogenase complex 

402    C C   2.3.1.61 3.5.8 

8210  transferase
†
 172    C U    7.0.0 

8220  exported D-alanyl-D-alanine carboxypeptidase* 290  signal signal IM U   3.4.16.4 2.1.4 

8230  integral membrane protein* 402 8  8 th IM IM    4.1.1 

8240  conserved hypothetical protein 93    C C    0.0.1 

8250  membrane-associated zinc metalloprotease* 379 4  4 th IM IM   3.4.24.- 2.1.4 

8260  outer membrane protein* 771  signal signal OM OM    4.1.4 

8270  outer membrane protein* 182  signal signal C U    4.1.3 

8280 fabZ  (3R)-hydroxymyristoyl-[acyl carrier protein] dehydratase 145    C U   4.2.1.- 3.6.1 

8290 purH  bifunctional purine biosynthesis protein PurH 504    C U   
3.5.4.10, 
2.1.2.3 

3.7.1 

8300 pgsA  
CDP-diacylglycerol--glycerol-3-phosphate 3-
phosphatidyltransferase* 

185 5  6 th IM IM   2.7.8.5 2.2.07 

8310  integral membrane protein* 433 12  12 th IM IM    4.1.1 

8320  Surf1-like protein
†
 213 2  2 th IM IM    4.1.1 

8330  conserved hypothetical protein 609  signal signal E OM    0.0.2 

8340  unknown 622    OM U    0.0.0 

8350  unknown 419   2 th C C    7.0.0 

8360 atpB  ATP synthase A subunit 243 7  7 th IM IM   3.6.3.14 3.5.9 

8370 atpE  ATP synthase C subunit 73 2  2 th IM U   3.6.3.14 3.5.9 

8380 atpF  ATP synthase B subunit* 167 1  1 th C U   3.6.3.14 3.5.9 

8390  membrane protein* 163 1  1 th C C    4.1.1 

8400 ftsA  cell division protein FtsA 419    C U    1.7.1 

8410 trkH  Trk system potassium uptake protein 483 12  12 th IM IM    1.5.2 

8420  conserved hypothetical protein 442    C C    0.0.2 
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8430 ftsH  cell division protein FtsH 611 2
‡
  1 th, signal IM IM   3.4.24.- 2.1.4 

8440 lgt  prolipoprotein diacylglyceryl transferase 259 7  7 th IM IM   2.4.99.- 2.2.07 

8450  integral membrane protein* 560 5  5 th OM IM  
243 bp x 5.2 
(C-terminus) 

 4.1.1 

8460  unknown 56    C C    0.0.0 

8470 secD  protein-export membrane protein SecD* 505 5  5 th IM IM    1.5.5 

8480 thiF  adenylyltransferase ThiF* 260 1
‡
   OM IM   2.7.7.- 3.2.14 

8490 pyrE  orotate phosphoribosyltransferase* 199    C U   2.4.2.10 3.7.2 

8500 recA  RecA protein (Recombinase A) 357    C U    2.2.03 

8510  membrane protein* 223 1   C U   6.3.3.3 4.1.1 

8520 ftsY  cell division protein FtsY* 309    C C    1.7.1 

8530 icd  isocitrate dehydrogenase [NADP] 483    C C   1.1.1.42 3.5.8 

8550 recJ  single-stranded-DNA-specific exonuclease RecJ* 585   2 th C C   3.1.-.- 2.1.1 

8560  nucleic acid independent RNA polymerase* 397    C U   2.7.7.- 2.2.11 

8570 ndk  nucleoside diphosphate kinase  143    C C   2.7.4.6 3.3.11 

8580  transcriptional regulator
†
 201    C U +   6.1.2 

8590 map1-14  outer membrane protein MAP1-14* 309  signal signal P IM  6 bp x 3.7  4.1.3 

8600 map1-13  outer membrane protein MAP1-13* 294  signal signal OM IM    4.1.3 

8610  exported protein* 236  signal signal OM U    4.1.0 

8620 map1-12  outer membrane protein MAP1-12* 275  signal signal OM IM    4.1.3 

8630 map1-11  outer membrane protein MAP1-11* 293  signal signal OM U    4.1.3 

8640 map1-10  outer membrane protein MAP1-10* 257  signal signal OM U    4.1.3 

8650 map1-9  outer membrane protein MAP1-9* 289  signal signal OM IM    4.1.3 

8660 map1-8  outer membrane protein MAP1-8* 282  signal signal OM U    4.1.3 

8670 map1-7  outer membrane protein MAP1-7* 283  signal signal OM U    4.1.3 

8680 map1-6  outer membrane protein MAP1-6* 295  signal signal OM OM    4.1.3 

8690 map1-5  truncated outer membrane protein MAP1-5
†
 205    OM U    4.1.3 

8700 map1-4  outer membrane protein MAP1-4* 297  signal signal OM IM    4.1.3 

8710 map1-3  outer membrane protein MAP1-3* 315  signal signal E U    4.1.3 

8720 map1-2  outer membrane protein MAP1-2* 306  signal signal OM U    4.1.3 

8730 map1-1  outer membrane protein MAP1-1* 282  signal signal OM U    4.1.3 

8740 map1  major antigenic protein MAP1 290  signal signal E U    4.1.4 

8750 map1+1  outer membrane protein MAP1+1* 285   signal OM U    4.1.3 

8760  unknown 111    C U    0.0.0 

8770  unknown 177    C C  24 bp x 6.3  0.0.0 

8780 secA  preprotein translocase SecA subunit 870    C C    1.5.5 

8790  unknown 143    C U    0.0.0 

8800 ftsZ  cell division protein FtsZ 422    C U    1.7.1 

8810  conserved hypothetical protein 135    C U    0.0.2 
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8820  conserved hypothetical protein 157    C U    0.0.2 

8830 parA  chromosome partitioning protein ParA 255    OM U    1.2.1 

8840 parB  chromosome partitioning protein ParB 289    C U +   1.2.1 

8850 rimM  16S rRNA processing protein* 172    C U    2.2.11 

8860 trmD  tRNA (Guanine-N(1)-)-methyltransferase 235    OM U   2.1.1.31 2.2.11 

8870 rplS  50S ribosomal protein L19 125    C C    4.2.2 

8880  unknown 166    C U    7.0.0 

8890 thrS  threonyl-tRNA synthetase 633    C C   6.1.1.3 2.2.01 

8900 infC  translation initiation factor IF-3 173    C C    2.2.10 

8910  conserved hypothetical protein 150    C U    0.0.2 

8920  integral membrane protein* 234 6  7 th IM IM    4.1.1 

8930  integral membrane protein* 409 6  6 th IM IM    4.1.1 

 
*probable; †possible; ‡The initial transmembrane helix could represent a possible N-terminal signal sequence. 
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Appendix F: Web based tools 

 

Web based tools used in this study 

Annotation 

BioCyc     http://biocyc.org/ecocyc/index.shtml 

KEGG     http://www.genome.jp/kegg/pathway.html 

Pfam     http://pfam.sanger.ac.uk/ 

PROSITE    http://www.expasy.ch/prosite/ 

Tandem Repeats Finder     http://tandem.bu.edu/trf/trf.html 

 

Subcellular localisation 

CELLO      http://cello.life.nctu.edu.tw/ 

Phobius     http://phobius.cgb.ki.se/ 

PSORTb v.2.0     http://www.psort.org/psortb/ 

SignalP     http://www.cbs.dtu.dk/services/SignalP/ 

TMHMM2.0     http://www.cbs.dtu.dk/services/TMHMM-2.0/ 

 

Recombinant protein analysis 

Protein Molecular Weight    http://www.bioinformatics.org/sms/prot_mw.html 

Recombinant Protein Solubility Prediction http://biotech.ou.edu/ 
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Appendix G: Publications and ethics 

 

G1: Publications 

The research conducted in this study has been published in the following articles: 

 

COLLINS, N.E., LIEBENBERG, J., DE VILLIERS, E.P., BRAYTON, K.A., LOUW, E., PRETORIUS, 

A., FABER, F.E., VAN HEERDEN, H., JOSEMANS, A., VAN KLEEF, M., et al.  2005.  The 

genome of the heartwater agent Ehrlichia ruminantium contains multiple tandem repeats of actively 

variable copy number.  Proceedings of the National Academy of Sciences of the United States of 

America 102: 838-843. 

 

PRETORIUS, A., LIEBENBERG, J., LOUW, E., COLLINS, N.E. & ALLSOPP B.A.  2010.  Studies of a 

polymorphic E. ruminantium gene for use as a component of a recombinant vaccine against 

heartwater.  Vaccine 28: 3531-3539. 

 

SEBATJANE, S.I., PRETORIUS, A., LIEBENBERG, J. STEYN, H.C., & VAN KLEEF, M.  2010.  In 

vitro and in vivo evaluation of five low molecular weight proteins of Ehrlichia ruminantium as 

potential vaccine components.  Veterinary Immunology and Immunopathology 137: 217-225. 

 

Article in preparation for publication (Chapter 5): 

 

LIEBENBERG, J., PRETORIUS, A., FABER, F.E., J. HEATH, J., COLLINS, N.E., VAN KLEEF, M. & 

ALLSOPP, B.A.  Identification of novel potential vaccine candidates against Ehrlichia ruminantium.  

To be submitted to Veterinary microbiology. 

 

G2: Ethics 

 

The research presented in this thesis was approved by the Animal Ethics committee of the ARC-

Onderstepoort Veterinary Institute and the Animal Use and Care committee of the University of 

Pretoria (protocol V036/06).   
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