S2 Fig.

A. Nucleotide substitutions among three C. abortus hemN alleles (in boldface; hemN_4, hemN_21, hemN_14 ruminant and avian C. abortus alleles) (a)

.10 .20 .30 .40 .50 .60 .70 .80 .90 .100 .110 .120 .130 .140 .150 .160 .170 .180 .190 .200 .210
consensus CGTGTGAGYYTRGGHRTYCARGATACCCAAKSKGMWGTTCAAGAAGCTGTWCGKMGWCGBCAAWSTYAYGARGARTCDCTNYWWGCTTATSAAMWATTYMRWGASY TARRWTTYRMARGYATHAAYATWGAYYTMATTTAYGGTCTYCCWAARCAAACNMAGKHWASHTTTAMDCAAACVATTSMWSATATY TTASMBATGCGKCCWGAY

hemN_4 CGTGTGAGCTTAGGCGTCCAAGATACCCAAGCTGCTGTTCAAGAAGCTGTACGGCGTCGGCAAAGTTACGAAGAGTCACTGTATGCTTATGAAAAATTCCGTGAGTTAGGTTTTGAAAGCATARATATAGATCTCATTTACGGTCTTCCAAAACAAACGAAGGTAACATTTACGCAAACGATTGCGGATATTTTACACATGCGTCCTGAC

hemN_21 CGTGTGAGCTTAGGCGTCCAAGATACCCAAGCTGCTGTTCAAGAAGCTGTACGGCGTCGGCAAAGTTACGAAGAGTCACTGTATGCTTATGAAAAATTCCGTGAGTTAGGTTTTGAAAGCATARATATAGATCTCATTTACGGTCTTCCAAAACAAACGAAGGTAACATTTACGCARACGATTGCGGATATTTTACACATGCGTCCTGAC

hemN_14 CGTGTGAGCTTAGGCGTCCAAGATACCCAAGCTGCTGTTCAAGAAGCTGTACGGCGTCGGCAAAGTTACGAAGAGTCACTGTATGCTTATGAAAAATTCCGTGAGTTAGGTTTTGAAAGCATARATATAGATCTCATTTACGGTCTTCCAARACAAACGAAGGTAACATTTACGCARAACGATTGCGGATATTTTACACATGCGTCCTGAC

hemN_9 CGTGTGAGCTTAGGAGTCCAAGATACCCAAGCTGCTGTTCAAGAAGCTGTACGGCGTCGTCARAGTCATGAAGAGTCACTTTATGCTTATGARARATTCCGTGAGTTAGGTTTTGARAAGCATARATATAGATCTAATTTACGGTCTTCCARAAACAAACTAAGTTAACATTTACTCARACGATTGCTGATATTTTACACATGCGGCCTGAC

hemN_11 CGTGTGAGCTTAGGAGTCCAAGATACCCAAGCTGCTGTTCAAGAAGCTGTACGGCGTCGTCARAGTCATGAAGAGTCACTTTATGCTTATGARARATTCCGTGAGTTAGGTTTTGARAAGCATARATATAGATCTAATTTACGGTCTTCCARAAACAAACTAAGTTAACATTTACTCARACGATTGCTGATATTTTACACATGCGGCCTGAC

hemN_13 CGTGTGAGCTTAGGAGTCCAAGATACCCAAGCTGCTGTTCAAGAAGCTGTACGGCGTCGTCARAAGTCATGAAGAGTCACTTTATGCTTATGARARATTCCGTGAGTTAGGTTTTGARAAGCATARATATAGATCTAATTTACGGTCTTCCARAAACAAACTAAGTTAACATTTACTCARACGATTGCTGATATTTTACACATGCGGCCTGAC

hemN_10 CGTGTGAGCTTAGGAGTCCAAGATACCCAAGCTGCTGTTCAAGAAGCTGTACGGCGTCGTCARAGTCATGAAGAGTCACTTTATGCTTATGARARATTCCGTGAGTTAGGTTTTGAAAGCATARATATAGATCTAATTTACGGTCTTCCARAAACAAACTAAGTTAACATTTACTCARACGATTGCTGATATTTTACACATGCGGCCTGAC

hemN_12 CGTGTGAGCTTAGGAGTCCAAGATACCCAAGCTGCTGTTCAAGAAGCTGTACGGCGTCGTCARAAGTCATGAAGAGTCACTTTATGCTTATGARARATTCCGTGAGTTAGGTTTTGAAAGCATARATATAGATCTAATTTACGGTCTTCCARAAACAAACTAAGTTAACATTTACTCARACGATTGCTGATATTTTACACATGCGGCCTAAC

hemN_5 CGTGTGAGCTTAGGGGTTCAAGATACGCAAGCTGCTGTTCAAGAAGCTGTACGGCGACGACAAAGTCATGAAGAATCTCTGCATGCTTATGAGAAGTTTCGTGCTCTAGGTTTTGAGAGTATARACATTGATTTGATTTATGGTCTCCCCAAGCARAACARAAGCAACATTTACCCARACAATCGCTGATATTTTACAGATGCGTCCTGAC

hemN_6 CGCGTGAGCCTAGGAGTACAGGATACCCAAGCTTCTGTTCAAGAGGCTGTGCGGCGGCGTCARAGTTATGAAGAGTCTCTACATGCCTATGARARATTTCGAGAGCTAGGTTTTGAGAGTATARACATAGATTTGATTTACGGACTTCCTAAGCAAACARAGAARACATTTTCACARACAATTGTAGATATTTTACAGATGCGTCCCGAT

hemN_8 CGTGTAAGCTTGGGAGTACAAGATACCCAAGCTGCCGTACAAGAAGCCGTARAGCGACGGCAGACCCATGAGGAGTCACGACGTGTGTATGAGAAGTTTARAGAGCTGGGCTTTACTAGCATCAACATTGATCTAATCTACGGCTTGCCARAGCAARACCCGTCACACCTTTGCGCARACTATCCAAGACATCCTCGCAATGCGCCCGGAT

hemN_17 CGTGTAAGCTTGGGAGTACAAGATACCCAAGCTGCCGTACAAGAAGCCGTAAAGCGACGGCAGACCCATGAGGAGTCACGACGTGTGTATGAGAAGTTTARAGAGCTGGGTTTTACTAGCATCAACATTGATCTAATCTACGGCTTGCCAAAGCAAACCCGTCACACCTTTGCGCAAACTATCCAAGACATCCTCGCAATGCGCCCGGAT

hemN_3 AGGGTTAGCTTAGGCGTTCAAGATACCCAAGCTGATGTTCAAGAAGCTGTACGACGACGCCAATCGCATGAGGAATCTTTAAAGGCATACGAAAAATTTAAGGAACTCGCCTTCCAAAGTATCAATATAGACTTAATTTATGGTCTTCCCAAACAAACCAAGGAGTCCTTTTCTAAAACAATTC. ATATCTTAGCGATGTATCCAGAT

hemN_16 AGGGTTAGCTTAGGCGTTCAAGATACCCAAGCTGATGTTCAAGAAGCTGTACGACGACGCCAATCGCATGAGGAATCTTTAAAGGCATACGAAAAATTTAAGGAACTCGGCTTCCAAAGTATCAATATAGACTTAATTTATGGTCTTCCCAAGCAAACCAAGGAGTCCTTTTCTAAAACAATTC. ATATCTTAGCGATGTATCCAGAT

hemN_7 CGTGTCAGCCTTGGAATCCAAGATACTCAATGGGAAGTTCAAGAGGCCGTCCGTAGACGCCAATCCTATGAAGAATCCCTCTTGGCCTATARACAATTCCGTGATCTGAATTTCACAGGTATCAATATTGATCTTATTTATGGGCTTCCTAAACAAACGCAATCGAGTTTCAAACAAACCATTCAACATATTTTAGATATGCGGCCTGAT

hemN_15 CGTGTGAGTCTGGGTATTCAGGATACCCAATGGGAAGTTCAAGAAGCTGTTCGTAGACGCCAATCTTACGAAGAATCGCTCTTAGCTTATCAACTATTCCGAGACTTAAAATTCACAGGTATTAATATTGACCTCATTTATGGTCTCCCTARACAAACACAGTCTAGTTTTAAACAAACCATTGAACATATCTTAGATATGCGGCCAGAC

hemN_19 CGTGTGAGTCTGGGTATTCAGGATACCCAATGGGAAGTTCAAGAAGCTGTTCGTAGACGCCAATCTTACGAAGAATCGCTCTTAGCTTATCAACTATTCCGAGACTTAAAATTCACAGGTATTAATATTGACCTCATTTACGGTCTCCCTARACAAACACAGTCTAGTTTTAAACAAACCATTGAACATATCTTAGATATGCGGCCAGAC

hemN_1 CGTGTGAGTCTGGGTATTCAGGATACCCAATGGGAAGTTCAAGAAGCTGTTCGTAGACGCCAATCTTACGAAGAATCGCTCTTAGCTTATCAACTATTCCGAGACTTAAAATTCACAGGTATTAATATTGACCTCATTTATGGTCTCCCTARACAAACACAGTCTAGTTTTAAACAAACCATTGAACATATCTTAGATATGCGGCCAGAC

hemN_2 CGTGTGAGTCTGGGTATTCAGGATACCCAATGGGAAGTTCAAGAAGCTGTTCGTAGACGCCAATCTTACGAAGAATCGCTCTTAGCTTATCAACTATTCCGAGACTTAAAATTCACAGGTATTAATATTGACCTCATTTATGGTCTCCCTARACAAACACAGTCTAGTTTTAAACAAACCATTGAACATATCTTAGATATGCGGCCAGAC

hemN_18 CGTGTGAGTCTGGGTATTCAGGATACCCAATGGGAAGTTCAAGAAGCTGTTCGTAGACGCCAATCTTACGAAGAATCGCTCTTAGCTTATCAACTATTCCGAGACTTAAAATTCACAGGTATTAATATTGACCTCATTTATGGTCTCCCTAAACAAACACAGTCTAGTTTTAAACAAACCATTGAACATATCTTAGATATGCGGCCAGAC
.220 .230 .240 .250 .260 .270 .280 .290 .300 .310 .320 .330 .340 .350 .360 .370 .380 .390 .400 .410 .420

consensus CGYYTAGCSYTWTTYTCHTTYGCTYMWGTWCCWTGGRYHAARCCKCAYCAAAARGCTWTGMRMRMWAVHGAYMTSCCYTCYATGGARGARAAATTCGCSATWTATTCYYAWKCYCGRCATACSYTRAYVMARGMAGGHTAYCARGCYATTGGWHTRGATCATTTTTCTCTWCCBGAWGAYCCWYTAASYATMGCBYTTAARAACAAAACK

hemN_4 CGCTTAGCGTTATTTTCATTTGCTTCTGTTCCCTGGATARAACCCCATCAGAAAGCTATGAAAGAAAGTGACATGCCCTCTATGGAGGAAAAATTCGCCATATATTCTTATGCTCGGCATACGTTAACARAAGCTGGTTACCAAGCTATTGGATTAGATCATTTTTCTCTACCTGAAGACCCATTAAGCATCGCCTTTAAAAACAAAACT

hemN_21 CGCTTAGCGTTATTTTCATTTGCTTCTGTTCCCTGGATAAAACCCCATCAGAAAGCTATGAAAGAAAGTGACATGCCCTCTATGGAGGAAAAATTCGCCATATATTCTTATGCTCGGCATACGTTAACAAAAICTGGTTACCAAGCTATTGGATTAGATCATTTTTCTCTACCTGAAGACCCATTAAGCATCGCCTTTAAAAACAAAACT

hemN_14 CGCTTAGCGTTATTTTCATTTGCTTCTGTTCCCTGGATAARAACCCCATCAAAAAGCTATGAAAGAAAGTGACATGCCCTCTATGGAGGAARAATTCGCCATATATTCTTATGCTCGGCATACGTTAACAAAAGCTGGTTACCAAGCTATTGGATTAGATCATTTTTCTCTACCTGAAGACCCATTAAGCATCGCCTTTAAAAACAAAACT

hemN_9 CGCTTAGCGTTATTTTCATTTGCTTCTGTTCCATGGATAARAACCTCATCABAAAAGCTATGAAAGAAAGCGATATGCCCTCTATGGAGGAAAAATTCGCCATATATTCTTATGCTCGACATACGTTAACGAAAGCAGGTTACCAAGCCATTGGATTAGATCATTTTTCTCTACCTGAAGACCCATTAAGCATAGCGTTTAAAAACAARAACT

hemN_11 CGCTTAGCGTTATTTTCATTTGCTTCTGTTCCATGGATAARAACCTCATCABAAAAGCTATGAAAGAAAGCGATATGCCCTCTATGGAGGAAAAATTCGCCATATATTCTTATGCTCGACATACGTTAACGAAAGCAGGTTACCAAGCCATTGGATTAGATCATTTTTCTCTACCTGAAGACCCATTAAGCATAGCGTTTAAAAACAAAACT

hemN_13 CGCTTAGCGTTATTTTCATTTGCTTCTGTTCCATGGATARAACCTCATCABAAAAGTTATGAAAGAAAGCGATATGCCCTCTATGGAGGAAAAATTCGCCATATATTCTTATGCTCGACATACGTTAACGAAAGCAGGTTACCAAGCCATTGGATTAGATCATTTTTCTCTACCTGAAGACCCATTAAGCATAGCGTTTAAAAACAAAACT

hemN_10 CGCTTAGCGTTATTTTCATTTGCTTCTGTTCCATGGATAARAACCTCATCABAAAAGCTATGAAAGAAAGCGATATGCCCTCTATGGAGGAAAAATTCGCCATATATTCTTATGCTCGACATACGTTAACGAAAGCAGGTTACCAAGCCATTGGATTAGATCATTTTTCTCTACCTGAAGACCCATTAAGCATAGCTTTTAAAAACAAAACT

hemN_12 CGCTTAGCGTTATTTTCATTTGCTTCTGTTCCATGGATAARAACCTCATCABAAAAGCTATGAAAGAAAGCGATATGCCCTCTATGGAGGAAAAATTCGCCATATATTCTTATGCTCGACATACGTTAACGAAAGCAGGTTACCAAGCCATTGGATTAGATCATTTTTCTCTACCTGAAGACCCATTAAGCATAGCTTTTAAAAACAAAACT

hemN_5 CGCCTAGCGTTGTTTTCATTTGCTTCTGTGCCTTGGATARAGCCTCATCABAAAAGCTATGAAAGAAAGTGACATGCCCTCCATGGAGGAGARAATTCGCTATATACTCTTATGCACGGCATAAATTAACAAAGECGGGATATCAGGCAATTGGTTTAGATCATTTTTCACTACCGGAAGATCCTTTAAGCATAGCCTTTAAARAATAAAACT

hemN_6 CGTTTAGCCTTGTTTTCCTTCGCTTCTGTTCCATGGATAAAACCGCACCAAAAAGCAATGAAAGACAGTGATCTGCCCTCTATGGAGGAARAATTCGCGATATATTCTCATGCACGACATATGTTAACAAAGHCGGGATATCAGGCTATTGGCTTGGATCATTTTTCCCTACCCGAAGACCCTTTAAGCATCGCTTTAAAARAATAAAACT

hemN_8 CGTCTGGCATTATTTTCTTATGCTGCAGTCCCTTGGATCAAACCGCACCAAAAAGCAATCAAAGCTACAGATCTTCCCTCTATGGAAGAAARAATTTGCGATATACTCACAATCCCGACATAGCTTAATCAAGGCAGGCTACCAAGCTATTGGGATGGATCATTTTTCTCTTCCCGAAGATCCCTTAACAGTAGCGTTTCATAAC. C.

hemN_17 CGTCTGGCATTATTTTCTTATGCTGCAGTCCCTTGGATCAAACCGCACCAAAAAGCAATCAAAGCTACAGATCTTCCCTCTATGGAAGAAARAATTTGCGATATACTCACAATCCCGACATAGCTTAATCAAGGCAGGCTACCAAGCTATTGGGATGGATCATTTTTCTCTTCCCGAAGATCCCTTAACAGTAGCGTTTCATAAC. C.

hemN_3 CGTCTTGCTTTATTTTCTTTTGCCTCAGTTCCATGGATCAAGCCGCACCABAAAAGCCATGAAAGCTTCGGATATGCCTTCTATGGAAGAGAAATTCGCGATTTATTCTCAATCCCGGCATTTACTTACAAAAGCAGGATATCAGGCCATCGGTATGGATCATTTCTCTCTTCCCCATGATCCTCTTACCCTCGCTTTCAARAACAAAACT

hemN_16 CGTCTTGCTTTATTTTCTTTTGCCTCAGTTCCATGGATCAAGCCGCACCABAAAAGCCATGAAAGCTTCGGATATGCCTTCTATGGAAGAGAAATTCGCGATTTATTCTCAATCCCGGCATTTACTTACAAAAGCAGGATATCAGGCCATCGGTATGGATCATTTCTCTCTTCCCCATGATCCTCTTACCCTTGCTTTCAARAACAAAACT

hemn_7 CGCTTAGCCCTATTCTCTTTTGCACATGTGCCATGGGTCAAGCCTCATCAAAAAGCT TTACGAACAAAAGACCTTCCCTCTATGGAAGAGARATTTGCGATTTATTCTCAATCTCGACAAGCCCTTATCCAAGAAGGATACCAGGCTATTGGCCTTGATCATTTTTCTCTTCCTGATGATCCCCTAACTATTGCACTTAAAAACAAAACC

hemN_15 CGCCTAGCCCTTTTCTCCTTCGCTCATGTACCTTGGACTAAGCCGCATCARAAAGGCT TTGCGCACTAAAGATCTCCCTTCCATGGAAGAGARATTCGCGATTTATTCCCAATCTCGGCATACCCTGATCCAGEGAAGGCTACCAGGCTATTGGTCTAGATCATTTTTCTCTTCCGGATGATCCTCTAACTATCGCCCTTAAGAACAAAACG

hemN_19 CGCCTAGCCCTTTTCTCCTTCGCTCATGTACCTTGGGCTAAGCCGCATCARAAGGCT TTGCGCACTAARAGATCTCCCTTCCATGGAAGAGARATTCGCGATTTATTCCCAATCTCGGCATACCCTGATCCAGEGAAGGCTACCAGGCTATTGGTCTAGATCATTTTTCTCTTCCGGATGATCCTCTAACTATCGCCCTTAAGAACAAAACG

hemN_1 CGCCTAGCCCTTTTCTCCTTCGCTCATGTACCTTGGGCTAAGCCGCATCARAAGGCT TTGCGCACTAAAGAGCTCCCTTCCATGGAAGAGARATTCGCGATTTATTCCCAATCTCGGCATACCCTGATCCAGEGAAGGCTACCAGGCTATTGGTCTAGATCATTTTTCTCTTCCGGATGATCCTCTAACTATCGCCCTTAAGAACAAAACG

hemN_2 CGCCTAGCCCTTTTCTCCTTCGCTCATGTACCTTGGGCTAAGCCGCATCARAAGGCT TTGCGCACTAARAGATCTCCCTTCCATGGAAGAGARATTCGCGATTTATTCCCAATCTCGGCATACCCTGATCCAGEGAAGGCTACCAGGCTATTGGTCTAGATCATTTTTCTCTTCCGGATGATCCTCTAACTATCGCCCTTAAGAACAAAACG

hemN_18 CGCCTAGCCCTTTTCTCCTTCGCTCATGTACCTTGGGCTAAGCCGCATCABAAGGCTTTGCGCACTAAAGATCTCCCTTCCATGGAAGAGAAATTCGCGATTTATTCCCAATCTCGGCATACCCTGATCCAGEGAAGGCTACCAGGCTATTGGTCTAGATCATTTTTCTCTTCCGGATGATCCTCTAACTATCGCCCTTAAGAACAAAACG
.430

consensus YTRATTCGDAAT

hemN_4 TTGATTCGAAAT

hemN 21 TTGATTCGAAAT

hemN_14 TTGATTCGAAAT

hemN_9 TTGATTCGGAAT

hemN_11 TTGATTAGGAAT

hemN_13 TTGATTCGGAAT

hemN_10 TTGATTCGGAAT

hemN_12 TTGATTCGGAAT

hemN_5 CTGATTCGTAAT

hemN_6 CTTATTCGCAAT

hemN_8 TTAATTCGTAAT

hemN_17 TTAATTCGTAAT

hemN_3 CTAATCCGCAAC

hemN_16 CTAATCCGTAAC

hemN_7 CTTATTCGAAAT

hemN_15 TTGATTCGTAAT

hemN_19 TTGATTCGTAAT

hemN_1 TTGATTCGTAAT

hemN_2 TTGATTCGTAAT

hemN_18 TTGATTCATAAT



A. Amino-acid substitutions among three C. abortus hemN-encoded protein alleles (b)
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RVSLGVQDTQAAVQEAVRRROSYEESLYAYEKFRELGFESINIDLIYGLPKQTKVTFTQTIADILHMRPDRLALFSFASVPWIKPHOKAMKESDMPSMEEKFAIYSYARHTLTKAGYQAIGLDHFSLPEDPLSIAFKNKTLIRN
RVSLGVQDTQAAVQEAVRRRQSYEESLYAYEKFRELGFESINIDLIYGLPKQTKVTFTQTIADILHMRPDRLALFSFASVPWIKPHQKAMKESDMPSMEEKFAIYSYARHTLTKIGYQAIGLDHFSLPEDPLSIAFKNKTLIRN
RVSLGVQDTQAAVQEAVRRROSYEESLYAYEKFRELGFESINIDLIYGLPKQTKVTFTQTIADILHMRPDRLALFSFASVPWIKPHOKAMKESDMPSMEEKFAIYSYARHTLTKAGYQAIGLDHFSLPEDPLSIAFKNKTLIRN
RVSLGVODTQAAVQEAVRRROSHEESLYAYEKFRELGFESINIDLIYGLPKQTKLTFTQTIADILHMRPDRLALFSFASVPWIKPHOKAMKESDMPSMEEKFAIYSYARHTLTKAGYQAIGLDHFSLPEDPLSIAFKNKTLIRN
RVSLGVODTQAAVQEAVRRROSHEESLYAYEKFRELGFESINIDLIYGLPKQTKLTFTQTIADILHMRPDRLALFSFASVPWIKPHOKAMKESDMPSMEEKFATIYSYARHTLTKAGYQAIGLDHFSLPEDPLSIAFKNKTLIRN
RVSLGVQDTQAAVQEAVRRRQSHEESLYAYEKFRELGFESINIDLIYGLPKQTKLTFTQTIADILHMRPDRLALFSFASVPWIKPHOKVMKESDMPSMEEKFAIYSYARHTLTKAGYQAIGLDHFSLPEDPLSIAFKNKTLIRN
RVSLGVQDTQAAVQEAVRRRQSHEESLYAYEKFRELGFESINIDLIYGLPKQTKLTFTQTIADILHMRPDRLALFSFASVPWIKPHOKAMKESDMPSMEEKFAIYSYARHTLTKAGYQAIGLDHFSLPEDPLSIAFKNKTLIRN
RVSLGVQDTQAAVQEAVRRRQSHEESLYAYEKFRELGFESINIDLIYGLPKQTKLTFTQTIADILHMRPNRLALFSFASVPWIKPHOKAMKESDMPSMEEKFAIYSYARHTLTKAGYQAIGLDHFSLPEDPLSIAFKNKTLIRN
RVSLGVQDTQAAVQEAVRRRQSHEESLHAYEKFRALGFESINIDLIYGLPKQTKATFTQTIADILOMRPDRLALFSFASVPWIKPHOKAMKESDMPSMEEKFAIYSYARHKLTKSGYQAIGLDHFSLPEDPLSIAFKNKTLIRN
RVSLGVQDTQASVQEAVRRROSYEESLHAYEKFRELGFESINIDLIYGLPKQTKKTFSQTIVDILOMRPDRLALFSFASVPWIKPHOKAMKDSDLPSMEEKFAIYSHARHMLTKSGYQAIGLDHFSLPEDPLSIALKNKTLIRN
RVSLGVQDTQAAVQEAVKRRQTHEESRRVYEKFKELGFTSINIDLIYGLPKQTRHTFAQTIQDILAMRPDRLALFSYAAVPWIKPHOKAIKATDLPSMEEKFAIYSQSRHSLIKAGYQAIGMDHFSLPEDPLTVAFHNKTLIRN
RVSLGVQDTQAAVQEAVKRRQTHEESRRVYEKFKELGFTSINIDLIYGLPKQTRHTFAQTIQDILAMRPDRLALFSYAAVPWIKPHOKAIKATDLPSMEEKFAIYSQSRHSLIKAGYQAIGMDHFSLPEDPLTVAFHNKTLIRN
RVSLGVQODTQADVQEAVRRROSHEESLKAYEKFKELAFQSINIDLIYGLPKQTKESFSKTIQDILAMYPDRLALFSFASVPWIKPHOKAMKASDMPSMEEKFAIYSQSRHLLTKAGYQAIGMDHFSLPHDPLTLAFKNKTLIRN
RVSLGVQODTQADVQEAVRRROSHEESLKAYEKFKELGFQSINIDLIYGLPKQTKESFSKTIQDILAMYPDRLALFSFASVPWIKPHOKAMKASDMPSMEEKFAIYSQSRHLLTKAGYQAIGMDHFSLPHDPLTLAFKNKTLIRN
RVSLGIQDTOQWEVOEAVRRROSYEESLLAYKQFRDLNFTGINIDLIYGLPKQTQSSFKQTIQHILDMRPDRLALFSFAHVPWVKPHOKALRTKDLPSMEEKFAIYSQSROALIQEGYQAIGLDHFSLPDDPLT IALKNKTLIRN
RVSLGIQDTOQWEVOEAVRRROSYEESLLAYQLFRDLKFTGINIDLIYGLPKQTQSSFKQTIEHILDMRPDRLALFSFAHVPWTKPHOQKALRTKDLPSMEEKFAIYSQSRHTLIQEGYQAIGLDHFSLPDDPLT IALKNKTLIRN
RVSLGIQDTOQWEVOEAVRRROSYEESLLAYQLFRDLKFTGINIDLIYGLPKQTQSSFKQTIEHILDMRPDRLALFSFAHVPWAKPHOKALRTKDLPSMEEKFAIYSQSRHTLIQEGYQAIGLDHFSLPDDPLT IALKNKTLIRN
RVSLGIQDTQWEVOEAVRRROSYEESLLAYQLFRDLKFTGINIDLIYGLPKQTQSSFKQTIEHILDMRPDRLALFSFAHVPWAKPHOKALRTKELPSMEEKFAIYSQSRHTLIQEGYQAIGLDHFSLPDDPLT IALKNKTLIRN
RVSLGIQDTQWEVQEAVRRROSYEESLLAYQLFRDLKFTGINIDLIYGLPKQTQSSFKQTIEHILDMRPDRLALESFAHVPWAKPHOKALRTKDLPSMEEKFAIYSQSRHTLIQEGYQAIGLDHFSLPDDPLT IALKNKTLIRN
RVSLGIQDTQWEVQEAVRRROSYEESLLAYQLFRDLKFTGINIDLIYGLPKQTQSSFKQTIEHILDMRPDRLALESFAHVPWAKPHOQKALRTKDLPSMEEKFATIYSQSRHTLIQEGYQAIGLDHFSLPDDPLT IALKNKTLIHN



B. Nucleotide substitutions among three C. abortus gatA alleles (in boldface; gatA_5, gatA 18, gatA_13 ruminant and avian C. abortus alleles) (a)

consensus
gatA_5
gata_18
gata_13
gata_10
gathA_12
gataA_11
gathA_14
gathA_24
gatA_15
gatA_16
gatA_17
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gatA_26
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gatA_31
gatha_20
gathA_28
gatA_29
gathA_30
gathA_21
gatA_23
gatA_25

consensus
gatA_5
gata_18
gata_13
gatA_10
gatA_12
gatA_11
gatA_14
gatA_24
gatA_15
gatA_16
gataA_17
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gatA_1
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gatA_2
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gatA_26
gatA_22
gatA_31
gatA_20
gatA_28
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gatA_30
gatA_21
gatA_23
gatA_25

.10 .20 .30 .40 .50 .60 .70 .80 .90 .100 .110 .120 .130 .140 .150 .160 .170 .180 .190 .200 .210
GCYWCWGMRATWRCMRARKAKTTY TWTHMTMGWATMVRARMARAWGAMRAKSARATMGGMGCWTTTMTTTCY CTWTGTRAAGARMGMGCWWWKGARAAAGCWGCTMWYRTAGATGMKAARCKWGCRMGRGGAGARCCYY TAGGRARACTYGCAGGKGTYCCYRTYGGARTWAARGATAATATY CATRTWHBRGGHTTRMRCACYACWTGYGCWTC
GCTACAGCAATAGCAAAGTATTTTTATAATAGAATAAAAACAGAAGACAATCAGATAGGAGCTTTTCTTTCTCT TTGTGAAGAAAGAGCTTATGAGAAAGCAGCTATCATAGATGCGAAAGTGGCGCGAGGAGAACCTTTGGGGAAACTCGCAGGTGTCCCCATCGGGATARAAGATAATATTCATATTCGGGGTTTGCGCACCACTTGTGCTTC
GCTACAGCAATAGCAAAGTATTTTTATAATAGAATAAAAACAGAAGACAATCAGATAGGAGCTTTTCTTTCTCTTTGTGAAGAAAGAGCTTATGAGAAAGCAGCTATCATAGATGCGAAAGTGGCGCGAGGAGAACCTTTGGGGAAACTCGCAGGTGTCCCCATIGGGATAAAAGATAATATTCATATTCGGGGTTTGCGCACCACTTGTGCTTC
GCTACAGCAATAGCAAAGTATTTTTATAATAGAATAAAAACAGAAGACAATCAGATAGGAGCTTTTCTTTCTCT TTGTGAAGAAAGAGCT TATGAGAAAGCAGCTATCATAGATGCGAAAGTGGCGCGAGGAGAACCTTTGGGGAAACTCGCAGGTGTCCCCATCGGGATARAAGATAATATTCATATTCGGGGTTTGCGCACCACTTGTGCTTC

GCTACAGCAATAGCAAAGTATTTTTATAATAGAAT. CAGAAGACAATCAGATAGGAGCTTTTCTTTCTCTTTGTGAAG. GAGCTTATGAGAAAGCCGCTATCATAGATGCGAAACTTGCACGAGGAGAACCTGTAGGGARACTCGCAGGTGTCCCCGTGGGAATARARAGATAATATTCATATTCGGGGTTTACGCACTACTTGCGCTTC
GCTACAGCAATAGCAAAGTATTTTTATAATAGAAT. CAGAAGACAATCAGATAGGAGCTTTTCTTTCTCTTTGTGAAG. GAGCTTATGAGAAAGCCGCTATCATAGATGCGAAACTTGCACGAGGAGAACCTGTAGGGARACTCGCAGGTGTCCCCGTGGGAATARAAGATAATATTCATATTCGAGGTTTACGCACTACTTGCGCTTC
GCTACAGCAATAGCAAAGTGTTTTTATAATAGAAT. CAGAAGACAATCAGATAGGAGCTTTTCTTTCTCTTTGTGAAG. GAGCTTATGAGAAAGCCGCTATCATAGATGCGAAACTTGCACGAGGAGAACCTGTAGGGARACTCGCAGGTGTCCCCGTGGGAATARAAGATAATATTCATATTCGAGGTTTACGCACTACTTGCGCTTC
GCTACAGCAATAGCAAAGTGTTTTTATAATAGAAT. CAGAAGACAATCAGATAGGAGCTTTTCTTTCTCTTTGTGAAG. GAGCTTATGAGAAAGCCGCTATCATAGATGCGAAACTTGCACGAGGAGAACCTGTAGGGARACTCGCAGGTGTCCCCGTGGGAATARAAGATAATATTCATATTCGAGGTTTACGCACTACTTGCGCTTC
GCTACAGCAATAGCAAAGTGTTTTTATAATAGAAT. CAGAAGACAATCAGATAGGAGCTTTTCTTTCTCTTTGTGAAG. GAGCTTATGAGAAAGCCGCTATCATAGATGCGAAACTTGCACGAGGAGAACCTGTAGGGARAACTCGCAGGTGTCCCCGTGGGAATARARAGATAATATTCATATTCGAGGTTTACGCACTACTTGCGCTTC
GCTACAGCAATAGCAAAGTATTTTTATAATAGAAT. CAGAAGACAATCAGATAGGAGCTTTTCTTTCTCTTTGTGAAG. GAGCTTATGAGAAAGCCGCTATCATAGATGCGAAACTTGCACGAGGAGAACCTGTAGGGARAACTCGCAGGTGTCCCCGTMGGAATARARAGATAATATTCATATTCGAGGTTTACGCACTACTTGCGCTTC

GCTACAGCAATAGCAAAGTATTTTTATAATAGAATAAAAACAGAAGACAATCAGATAGGAGCTTTTCTTTCTCTTTGTGAAGAAAGAGCCTATGAGAAAGCAGCTATCATAGATGCGAAACGTGCGCGAGGAGAACCTTTGGGGAAACTCGCGGGTGTCCCCATMGGAATARAAGATAATATTCATATTCGGGGGTTGCGCACTACTTGTGCTTC
GCTACAGCAATAGCAAAGTATTTTTATAATAGAATAAAAACAGAAGACAATCAGATAGGAGCTTTTCTTTCTCTTTGTGAAGAAAGAGCCTATGAGAAAGCAGCTATCATAGATGCGAAACGTGCGCGAGGAGAACCTTTGGGGAAACTCGCGGGTGTCCCCATGGAATARAAGATAATATTCATATTCGGGGGTTGCGCACTACTTGTGCTTC
GCTACAGCGATAGCAGAGTATTTTTATAATAGAATAGCAACAGAAGATAGCCGCATAGGTGCATTTCTTTCTCTTTGCCAGGARAGAGCT TATGAAAAAGCTGCTAGTATAGATGCAAAACGTGCGA AGAACTTTTAGGGAAACTCGCAGGTGTCCCCATCGGGATARAAGATAATATCCATATTATGGGATTGCGTACGACCTGCGCTTC
GCTACAGCGATAGCAGAGTATTTTTATAATAGAATAGAAACGGAAGATAGCCGCATAGGAGCTTTTCTGTCTCTTTGCAAGGARAGAGCT TACGAAAAAGCTGCTATCGTAGATGCAAAACGAGAAA A CCTTTAGGGAAGCTCGCCGGTGTCCCCATAGGGATAAAAGATAATATCCATGTTACGGGATTGCGCACCACTTGTGCTTC
GTTACAGCAATAACAGAGTATTTTTATCATCGTATAGARAGTTATGATGAACAAATAGGATCTTTTCTTTCTCTCTGTAAAGAAAGGGCGTTACTTAGAGCTTCACGTATAGATGATAAACTCGCAAAGGGAGATCCAATAGGTATATTAGCCGGGATCCCTATGGAGT TAAAGATAATATTCATATCACAGGAGTGAAAACTACCTGCGCATC
GTTACAGCGATTACAGAATATTTTTATCATCGTATAGARAGTCATGACGAACAGATTGGAGCTTTTCTTTCTCTCTGTAAAGAGCGGGCTTTGCTTAGAGCTTCACGTATAGATGACAAACTAGCAAAAGGAGATCCAATAGGGTTACTAGCAGGAATCCCTATCGGAGT TARAGATAATATTCATATCACAGGAGTGAAAACAACCTGTGCTTC
GTTACAGCGATTACAGAATATTTTTATCATCGTATAGARAGTCATGACGAACAGATTGGAGCTTTTCTTTCTCTTTGTAAAGAGCGGGCTTTGCTTAGAGCTTCACGTATAGATGACAAACTAGCAAAAGGAGATCCAATAGGGTTACTAGCAGGAATCCCTATCGGAGT TARAGATAATATTCATATCACAGGAGTGAAAACAACCTGTGCTTC
GTTACAGCGATTACAGAATATTTTTATCATCGTATAGAAAGTCATGACGAACAGATTGGAGCTTTTCTTTCTCTTTGTAAAGAGCGGGCTTTGCTTAGAGCTTCACGTATAGATGACAAACTAGC. AGATCCAATAGGGTTACTAGCAGGAATCCCTATCGGAGTTAAAGATAATATTCATATCACAGGAGTGAAAACAACCTGTGCTTC
GTTACAGCGATTACAGAATATTTTTATCATCGTATAGAAAGTCATGACGAACAGATTGGAGCTTTTCTTTCTCT TTGTAAAGAGCGGGCTTTGCTTAGAGCTTCACGTATAGATGACAAACTAGC. AGATCCAATAGGGTTACTAGCAGGAATCCCTATCGGAGTTAAAGATAATATTCATATCACAGGAGTGAAAACAACCTGTGCTTC
GCCACAGGGGTGACTCAACATTTTTTTCATAGAATAGAAGAAGCTGAGGGGCAGGTAGGTGCCTTTATTTCCTTGTGTAAGGAACAAGCT TTAGAACAGGCAGAGCTCATAGATARAAAGCGTTCGCGTGGAGAACCTT TAGGARAACTCGCAGGTGT TCCTGTAGGAAT TAAAGATAATATTCACGTTACAGGCCTGAAGACAACATGCGCCTC
GCCACAGGGGTGACTCAACATTTTTTTCATAGAATAGAAGAAGCTGAGGGGCAGGTAGGTGCCTTTATTTCCTTGTGTAAGGAACAAGCT TTAGAACAGGCAGAGCTCATAGATARAAAGCGTTCGCGTGGAGAACCTT TAGGARAACTCGCAGGTGT TCCTGTAGGAAT TAAAGATAATATTCACGTTACAGGCCTGAAGACAACATGCGCCTC
GCCTCTGAAATTACCARAGAGTTCTTTTCTCGTATCCGAGAAAATGAAAAGGARATCGGCGCATTTATTTCCCTATGTGAAGAGCGCGC. GGAAAAAGCTGCTCATGTAGATGCTAAGCGAGCAAGGGGAGAGCCCCTAGGAAAACTTGCAGGGGTTCCTATMGGAGT TAAGGATAATATCCATGTATTAGGCTTAAACACCACATGTGCATC

GCCTCTGAAATTACCGAAGAGTTCTTTTCTCGTATCCGAGAAAATGAAAAGGAAATCGGCGCATTTATTTCCCTATGTGAAGAGCGCGCARAGGAAAAAGCTGCTCATGTAGATGCTAAGCGAGCAAGGGGAGAGCCCCTAGGAAAACTTGCAGGGGTTCCTATMGGAGT TAAGGATAATATCCATGTATTAGGCTTAAACACCACATGTGCATC
GCCTCTGAAATTACCGAAGAGTTCTTTTCTCGTATCCGAGAAAATGAAAAGGAAATCGGCGCATTTATTTCCCTATGTGAAGAGCGCGCARAGGAAAAAGCTGCTCATGTAGATGCTAAGCGAGCAAGGGGAGAGCCCCTAGGAAAACTTGCAGGGGTTCCTATMGGAGT TAAGGATAATATCCATGTATTAGGCTTAAACACCACATGTGCATC
GCCTCTGAAATTACCGAAGAGTTCTTTTCTCGTATCCGAGAAAATGAAAAGGAAATCGGCGCATTTATTTCCCTATGTGAAGAGCGCGCARAGGAAAAAGCTGCTCATGTAGACGCTAAGCGAGCAAGGGGAGAGCCCCTAGGAAAACTTGCAGGGGTTCCTATMGGAGT TAAGGATAATATCCATGTATTAGGCTTAAACACCACATGTGCATC
GCCTCTGAAATTACCGAAGAGTTCTTTTCTCGTATCCGAGAAAATGAAAAGGAAATCGGCGCATTTATTTCCCTATGTGAAGAGCGCGCARAGGAAAAAGCTGCTCATGTAGATGCTAAGCGAGCAAGGGGAGAGCCCCTAGGAAAACTTGCAGGGGTTCCTATMGGAGT TAAGGATAATATCCATGTATTAGGTTTAAACACCACATGTGCATC
GCCTCTGAAATTACCGAAGAGTTCTTTTCTCGTATCCGAGAAAATGAAAAGGAAATCGGCGCATTTATTTCCCTATGTGAAGAGCGCGCARAGGAAAAAGCTGCTCATGTAGATGCTAAGCGAGCAAGGGGAGAGCCCCTAGGAAAACTTGCAGGGGTTCCTATMGGAGT TAAGGATAATATCCATGTATTAGGCTTAAACACCACATGTGCATC
GCCTCTGAAATTACCGAAGAGTTCTTTTCTCGTATCCGAGAAAATGAAAAGGAAATCGGCGCATTTATTTCCCTATGTGAAGAGCGCGCAAAGGAAAAAGCTGCTCATGTAGACGCTAAGCGAGCAAGGGGAGAGCCCCTAGGAAAACTTGCAGGGGTTCCTATMGGCGT TAAGGATAATATCCATGTATTAGGCTTAAACACCACATGTGCATC
GCCTCTGAAATTACCGAAGAGTTCTTTTCTCGTATCCGAGAAAATGAAAAGGAAATCGGCGCATTTATTTCCCTATGTGAAGAGCGCGCAAAGGAAAAAGCTGCTCATGTAGACGCTAAGCGAGCAAGGGGAGAGCCCCTAGGAAAACTTGCAGGGGTTCCTATMGGCGT TAAGGATAATATCCATGTATTAGGCTTAAACACCACATGTGCATC
GCCTCTGAAATTACTGAAGAGTTCTTTTCTCGTATCCGAGAAAATGAAAAGGAAATCGGCGCATTTATTTCCCTATGTGAAGAGCGCGCARAGGAAAAAGCTGCTCATGTAGATGCTAAGCGAGCAAGGGGAGAGCCCCTAGGAAAACTTGCAGGGGTTCCTATMGGCGT TAAGGATAATATCCATGTATTAGGCTTAAACACCACATGTGCATC
GCCTCTGAAATTACCGAAGAGTTCTTTTCTCGTATCCGAGAAAATGAAAAGGAAATCGGCGCATTTATTTCCCTATGTGAAGAGCGCGCARAGGAAAAAGCTGCTCATGTAGATGCTAAGCGAGCAAGGGGAGAGCCCCTAGGAAAACTTGCAGGGGTTCCTATMGGCGT TAAGGATAATATCCATGTATTAGGCTTAAACACCACATGTGCATC
GCCTCTGAAATTACCGAAGAGTTCTTTTCTCGTATCCGAGAAAATGAAAAGGAAATCGGCGCATTTATTTCCCTATGTGAAGAGCGCGCAAAGGAAAAAGCTGCTCATGTAGATGCTAAGCGAGCAAGGGGAGAGCCCCTAGGAAAACTTGCAGGGGTTCCTATMGGCGT TAAGGATAATATCCATGTATTAGGCTTAAACACCACATGTGCATC
GCCTCTGAAATTACCGAAGAGTTCTTTTCTCGTATCCGAGAAAATGAAAAGGAAATCGGCGCATTTATTTCCCTATGTGAAGAGCGCGCARAGGAAAAAGCTGCTCATGTAGATGCTAAGCGAGCAAGGGGAGAGCCCCTAGGAAAACTTGCAGGGGTTCCTATMGGCGT TAAGGATAATATCCATGTATTAGGCTTAAATACCACATGTGCATC
GCCTCTGAAATTACCGAAGAGTTCTTTTCTCGTATCCGAGAAAATGAAAAGGAAATCGGCGCATTTATTTCCCTATGTGAAGAGCGCGCARAGGAAAAAGCTGCTCATGTAGATGCTAAGCGAGCAAGGGGAGAACCCCTAGGAAAACTTGCAGGGGTTCCTATYGGAGT TAAGGATAATATCCATGTATTAGGCTTAAACACCACATGTGCATC
.220 .230 .240 .250 .260 .270 .280 .290 .300 .310 .320 .330 .340 .350 .360 .370 .380 .390 . 400 .410 .420

TMRRATGYTRGARAAYTATMWAGCSCCWTTTSATGCWACWGTWRTMGAAMRKATAGARRCWGAAGAYGGSRTKATYYTAGGYAARCTCAATATGGAYGAGTTTGCYATGGGMTCYACAACRCRDTATTCTGCWTTTCATCCKACRMAMAATCCY TGGGAY YTMTCSCGKGTBCCWGGRGGATCTTCAGGRGGATCYGCYGCRGCWRT TKC
B TGTTAG TTATATAGCGCCTTTTGATGCTACAGTCGTCGAACGGATAGAAGCTGAAGATGGGGTCATTTTAGGCAAACTCAATATGGATGAGTTTGCTATGGGATCGACAACGCAGTATTCTGCTTTCCATCCTACGAARAATCCTTGGGET TTATCCTGTGTGCCAGGAGGATCTTCAGGGGGATCCGCCGCCGCAGTTTC
TAARATGTTAGAAAATTATATAGCGCCTTTTGATGCTACAGTCGTCGAACGGATAGAAGCTGAAGATGGGGTCATTTTAGGCAAACTCAATATGGATGAGTTTGCTATGGGATCGACAACGCAGTATTCTGCTTTCCATCCTACGAARAATCCTTGGGET TTATCCTGTGTGCCAGGAGGATCTTCAGGGGGATCCGCCGCCGCAGTTTC

TAAAATGTTAGAAAATTATATAGCGCCTTTTGATGCTACAGTCGTCGAACGGATAGAAGCTGAAGATGGGGTCATTTTAGGCAAACTCAATATGGATGAGTTTGCTATGGGATCGACAACGCAGTATTCTGCTTTCCATCCTACGARARATCCTTGGG;
TAAAATGTTAGAAAACTATATAGCCCCTTTTGATGCTACAGTAGTCGAACGGATAGAGGCTGAAGATGGGGTGATT TTAGGCAAACTCAATATGGATGAGTTTGCCATGGGATCTACAACACAATATTCTGCTTTTCATCCTACGAAAAATCCCTGGG
TAAAATGTTAGAAAACTATATAGCCCCTTTTGATGCTACAGTAGTCGAACGGATAGAGGCTGAAGATGGGGTGATT TTAGGCAAACTCAATATGGATGAGTTTGCCATGGGATCTACAACACAATATTCTGCTTTTCATCCTACGAAAAATCCCTGGG
TAAAATGTTAGAAAACTATATAGCCCCTTTTGATGCTACAGTAGTCGAACGGATAGAGGCTGAAGATGGGGTGATT TTAGGCAAACTCAATATGGATGAGTTTGCCATGGGATCTACAACACAATATTCTGCTTTTCATCCTACGAAAAATCCCTGGG
TAAAATGTTAGAAAACTATATAGCCCCTTTTGATGCTACAGTAGTCGAACGGATAGAGGCTGAAGATGGGGTGATT TTAGGCAAACTCAATATGGATGAGTTTGCCATGGGATCTACAACACAATATTCTGCTTTTCATCCTACGAAAAATCCCTGGG
TAAAATGTTAGAAAACTATATAGCCCCTTTTGATGCTACAGTAGTCGAACGGATAGAGGCTGAAGATGGGGTGATT TTAGGCAAACTCAATATGGATGAGTTTGCCATGGGATCTACAACACAATATTCTGCTTTTCATCCTACGAAAAATCCCTGGG
TAAAATGTTAGAAAACTATATAGCCCCTTTTGATGCTACAGTAGTCGAACGGATAGAGGCTGAAGATGGGGTGATTCTAGGCAAACTCAATATGGATGAGTTTGCCATGGGATCTACAACACAATATTCTGCTTTTCATCCTACGAAAAATCCCTGGG
TAAAATGTTAGAAAACTATACAGCCCCTTTTGATGCTACAGTAGTCGAACGGATAGAGGCTGAAGATGGGGTGATT TTAGGCAAACTCAATATGGATGAGTTTGCCATGGGATCCACAACGCAGTATTCTGCTTTTCATCCTACGAAAAATCCCTGGG
TAAAATGTTAGAAAACTATACAGCCCCTTTTGATGCTACAGTAGTCGAACGGATAGAGGCTGAAGATGGGGTGATTTTAGGCAAACTCAATATGGATGAGTTTGCCATGGGATCCACAACGCAGTATTCTGCTTTTCATCCTACGARAARATCCCTGGG;
TAAGATGTTAGAAAATTATGTAGCCCCTTTTGATGCTACTGTCGTTGAACGTATAGAAGCTGAAGATGGGATTATTCTAGGCAAACTCAATATGGATGAGTTCGCCATGGGATCTACCACCCATTACTCTGCTTTCCATCCAACAAAAARATCCTTGGG;
TAAGATGTTGGAAAATTACATAGCTCCCTTTGACGCTACAGTAATTAAACGTATAGAAGCTGAAGATGGGATTATTTTAGGCAAACTCAACATGGATGAGTTTGCTATGGGATCAACAACTCAATATTCTGCTTTTCATCCCACGARARATCCTTGGG;
GAAAATGTTGGAAAACTTTGTAGCTCCTTTTGATGCTACTGTGGT TAGACGTATTGAGATGGAAGATGGGATTTTGCTGGGTAAGTTGAACATGGATGAGTTCGCCATGGGATCTACAACTCGGTATTCGGCTTTCCAACATACTAATAATCCTTGGG;
GAAAATGTTGGAAAACTTCGTGGCTCCCTTTGATTCCACGGTGGTGAGACGTATAGAGATGGAAGACGGGATTTTACTGGGTAAGTTGAACATGGATGAGTTTGCCATGGGATCCACAACTCGGTATTCCGCTTTTCATCCTACCAATAATCCTTGGG;
GAARAATGTTGGAAAACTTCGTGGCTCCCTTTGATTCCACGGTGGTGAGACGTATAGAGATGGAAGACGGGATTTTACTGGGTAAGTTGAACATGGATGAGTTTGCCATGGGATCCACAACTCGGTATTCCGCTTTTCATCCTACCAATAATCCTTGGG;
GAARAATGTTGGAAAACTTCGTGGCTCCCTTTGATTCCACGGTGGTGAGACGTATAGAGATGGAAGACGGGATTTTACTGGGTAAGTTGAACATGGATGAGTTTGCAATGGGATCCACAACTCGGTATTCCGCTTTTCATCCTACCAATAATCCTTGGG;
GAAAATGTTGGAAAACTTCGTGGCTCCCTTTGATTCCACGGTGGTGAGACGTATAGAGATGGAAGACGGGATTTTACTGGGTAAGTTGAACATGGATGAGTTTGCCATGGGATCCACAACTCGGTATTCCGCTTTTCATCCTACCAATAATCCTTGGG;

TCGTGTGCTCGAGAATTATCAACCACCGTTTGATGCTACTGTTGTAG. GAATCAAAAAAGAAGATGGGATTATCTTAGGCAAACTCAATATGGATGAGTTTGCTATGGGATCAACAACGCTATATTCTGCTTTTCATCCTACCCACAACCCCTGGG
TCGTATGCTCGAGAATTATCAACCACCGTTTGATGCTACTGTTGTAG. GAATCAAAAAAGAAGATGGGATTATCTTAGGCAAACTCAATATGGATGAGTTTGCTATGGGATCAACAACGCTATATTCTGCTTTTCATCCTACCCACAACCCCTGGG
TCGGATGCTGGAGAATTATCAAGCGCCATTTCATGCAACTGTTATAG. TATAGAAGCAGAAGACGGCATTATCCTAGGTAAGCTCAATATGGACGAGTTTGCTATGGGCTCCACAACACGTTATTCTGCATTTCATCCGACACACAATCCCTGGG;

TCGGATGCTGGAGAATTATCAAGCGCCATTTCATGCAACTGTTATAGAAAATATAGAAGCAGAAGACGGCATTATCCTAGGTAAGCTCAATATGGACGAGTTTGCTATGGGCTCCACAACACGTTATTCTGCATTTCATCCGACACACAATCCCTGGG
TCGGATGCTGGAGAATTATCAAGCGCCATTTCATGCAACTGTTATAGAAAATATAGAAGCAGAAGACGGCATTATCCTAGGTAATCTCAATATGGACGAGTTTGCTATGGGCTCCACAACACGTTATTCTGCATTTCATCCGACACACAATCCCTGGG
TCGGATGCTGGAGAATTATCAAGCGCCATTTCATGCAACTGTTATAGAAAATATAGAAGCAGAAGACGGCATTATCCTAGGTAAGCTCAATATGGACGAGTTTGCTATGGGCTCCACAACACGTTATTCTGCATTTCATCCGACACACAATCCCTGGG;
TCGGATGCTGGAGAATTATCAAGCGCCATTTCATGCAACTGTTATAGAAAATATAGAAGCAGAAGACGGCATTATCCTAGGTAAGCTCAATATGGACGAGTTTGCTATGGGCTCCACAACACGTTATTCTGCATTTCATCCGACACACAATCCCTGGG;
TCGGATGCTGGAGAATTATCAAGCGCCATTTCATGCAACTGTTATAGAAAATATAGAAGCAGAAGACGGCATTATCCTAGGTAAGCTCAATATGGACGAGTTTGCTATGGGCTCCACAACACGTTATTCTGCATTTCATCCGACACACAATCCCTGGG;
TCGGATGCTGGAGAATTATCACGCGCCATTTCATGCAACTGTTATAGAAAATATAGAAGCAGAAGACGGCATTATCCTAGGTAAGCTCAATATGGACGAGTTTGCTATGGGCTCCACAACACGTTATTCTGCATTTCATCCGACACACAATCCCTGGG;
TCGGATGTTGGAGAATTATCAAGCGCCATTTCATGCAACTGTTATAGAAAATATAGAAGCAGAAGACGGCATTATCCTAGGTAAGCTCAATATGGACGAGTTTGCTATGGGCTCCACAACACGTTATTCTGCATTTCATCCGACACACAATCCCTGGG;
TCGGATGTTGGAGAATTATCAAGCGCCATTTCATGCAACTGTTATAGAAAATATAGAAGCAGAAGACGGCATTATCCTAGGTAAGCTCAATATGGACGAGTTTGCTATGGGCTCCACAACACGTTATTCTGCATTTCATCCGACACACAATCCCTGGG;

TCGGATGCTGGAGAATTATCAAGCGCCATTTCATGCAACTGTTATAG TATAGAAGCAGAAGACGGCATTATCCTAGGTAAGCTCAATATGGACGAGTTTGCTATGGGCTCCACAACACGTTATTCTGCATTTCATCCGACACACAATCCCTGGG;
TCGGATGCTGGAGAATTATCAAGCGCCATTTCATGCAACTGTTATAG TATAGAAGCAGAAGACGGCATTATCCTAGGTAAGCTCAATATGGACGAGTTTGCTATGGGCTCCACAACACGTTATTCTGCATTTCATCCGACACACAATCCCTGGG;
TCGGATGCTGGAGAATTATCAAGCGCCATTTCATGCAACTGTTATAG TATAGAAGCAGAAGACGGCATTATCCTAGGTAAGCTCAATATGGACGAGTTTGCTATGGGCTCCACAACACGTTATTCTGCATTTCATCCGACACACAATCCCTGGG;
TCGGATGCTGGAGAATTATCAAGCGCCATTTCATGCAACTGTTATAG TATAGAAGCAGAAGACGGCATTATCCTAGGTAAGCTCAATATGGACGAGTTTGCTATGGGCTCCACAACACGTTATTCTGCATTTCATCCGACACACAATCCCTGGG;

TTTATCCTGTGTGCCAGGAGGATCTTCAGGGGGATCCGCCGCCGCAGTTTC
TTTCTCCCGCGTGCCAGGAGGATCTTCAGGAGGATCTGCCGCAGCAGTTTC
TTTCTCCCGCGTGCCAGGAGGATCTTCAGGAGGATCTGCCGCAGCAGTTTC
TTTCTCCCGCGTGCCAGGAGGATCTTCAGGAGGATCTGCCGCAGCAGTTTC
TTTCTCCCGCGTGCCAGGAGGATCTTCAGGAGGATCTGCCGCAGCAGTTCC
TTTCTCCCGCGTTCCAGGAGGATCTTCAGGAGGATCTGCCGCAGCAGTTTC
TTTCTCCCGCGTGCCAGGAGGATCTTCAGGAGGATCTGCCGCAGCAGTTTC
TTTCTCCCGTGTGCCAGGAGGATCTTCAGGGGGATCTTCCGCAGCAGTTTC
TTTATCCCGTGTGCCAGGAGGATCTTCAGGGGGATCTTCCGCAGCAGTTTC
TTTATCCTGTGTCCCTGGGGGATCTTCCGGAGGATCTGCAGCTGCTGTTTC
TTTATCTTGTGTTCCCGGAGGCTCTTCAGGAGGATCTGCCGCCGCGGTTTC
CCTGGAGCGTGTCCCTGGGGGATCATCAGGGGGATCAGCAGCTGCAGTTTC
TTTAGAACGAGTTCCAGGGGGTTCTTCAGGTGGATCCGCGGCAGCAGTTTC
TTTAGAACGAGTTCCAGGGGGTTCTTCAGGTGGATCCGCGGCAGCAGTTTC
TTTAGAACGAGTTCCAGGGGGTTCTTCAGGTGGATCCGCGGCAGCAGTTTC
TTTAGAACGAGTTCCAGGGGGGTCTTCAGGTGGATCCGCGGCAGCAGTTTC
TTTATCTCGTGTTCCTGGAGGTTCTTCAGGGGGATCTGCGGCCGCAGTTTC
TTTATCTCGTGTTCCTGGAGGTTCTTCAGGGGGATCTGCGGCCGCAGTTTC
CCTCTCGAGGGTCCCTGGGGGATCTTCAGGAGGATCCGCTGCGGCTATTGC
CCTCTCGCGGGTCCCTGGGGGATCTTCAGGAGGATCCGCTGCGGCTATTGC
CCTCTCGCGGGTCCCTGGGGGATCTTCAGGAGGATCCGCTGCGGCTATTGC
CCTCTCGCGGGTCCCTGGGGGATCTTCAGGAGGATCCGCTGCGGCTATTGC
CCTCTCGCGGGTCCCAGGGGGATCTTCAGGAGGATCCGCTGCGGCTATTGC
CCTCTCGCGGGTCCCAGGGGGATCTTCAGGAGGATCCGCTGCGGCTATTGC
CCTCTCGCGGGTCCCTGGGGGATCTTCAGGAGGATCCGCTGCGGCTATTGC
CCTCTCGCGGGTCCCTGGGGGATCTTCAGGAGGATCCGCTGCGGCTATTGC
CCTCTCGCGGGTCCCTGGGGGATCTTCAGGAGGATCCGCTGCGGCTATTGC
CCTCTCGCGGGTCCCTGGGGGATCTTCAGGAGGATCCGCTGCGGCTATTGC
CCTCTCGCGGGTCCCAGGGGGATCTTCAGGAGGATCCGCTGCGGCTATTGC
CCTCTCGCGGGTCCCAGGGGGATCTTCAGGAGGATCCGCTGCGGCTATTGC
CCTCTCGCGGGTCCCTGGGGGATCTTCAGGAGGATCCGCTGCGGCTATTGC



B. Amino-acid substitutions among three C. abortus gatA-encoded protein alleles (b)
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ATATIAKYFYNRIKTEDNQIGAFLSLCEERAYEKAAIIDAKVARGEPLGKLAGVPIGIKDNIHIRGLRTTCASKMLENY IAPFDATVVERIEAEDGVILGKLNMDEFAMGSTTQYSAFHPTKNPWELSCVPGGSSGGSAAAV
ATATIAKYFYNRIKTEDNQIGAFLSLCEERAYEKAAIIDAKVARGEPLGKLAGVPIGIKDNIHIRGLRTTCASKMLENY IAPFDATVVERIEAEDGVILGKLNMDEFAMGSTTQYSAFHPTKNPWELSCVPGGSSGGSAAAV
ATATIAKYFYNRIKTEDNQIGAFLSLCEERAYEKAAIIDAKVARGEPLGKLAGVPIGIKDNIHIRGLRTTCASKMLENY IAPFDATVVERIEAEDGVILGKLNMDEFAMGSTTQYSAFHPTKNPWDLSCVPGGSSGGSAAAV
ATATAKYFYNRIKTEDNQIGAFLSLCEERAYEKAAIIDAKLARGEPVGKLAGVPVGIKDNIHIRGLRTTCASKMLENYIAPFDATVVERIEAEDGVILGKLNMDEFAMGSTTQYSAFHPTKNPWDESRVPGGSSGGSAAAV
ATATAKYFYNRIKTEDNQIGAFLSLCEERAYEKAAIIDAKLARGEPVGKLAGVPVGIKDNIHIRGLRTTCASKMLENYIAPFDATVVERIEAEDGVILGKLNMDEFAMGSTTQYSAFHPTKNPWDESRVPGGSSGGSAAAV
ATATIAKCFYNRIKTEDNQIGAFLSLCEERAYEKAAIIDAKLARGEPVGKLAGVPVGIKDNIHIRGLRTTCASKMLENY IAPFDATVVERIEAEDGVILGKLNMDEFAMGSTTQYSAFHPTKNPWDEFSRVPGGSSGGSAAAV
ATATIAKCFYNRIKTEDNQIGAFLSLCEERAYEKAAIIDAKLARGEPVGKLAGVPVGIKDNIHIRGLRTTCASKMLENY IAPFDATVVERIEAEDGVILGKLNMDEFAMGSTTQYSAFHPTKNPWDEFSRVPGGSSGGSAAAV
ATATIAKCFYNRIKTEDNQIGAFLSLCEERAYEKAAIIDAKLARGEPVGKLAGVPVGIKDNIHIRGLRTTCASKMLENY IAPFDATVVERIEAEDGVILGKLNMDEFAMGSTTQYSAFHPTKNPWDEFSRVPGGSSGGSAAAV
ATATIAKYFYNRIKTEDNQIGAFLSLCEERAYEKAAIIDAKLARGEPVGKLAGVPVGIKDNIHIRGLRTTCASKMLENY IAPFDATVVERIEAEDGVILGKLNMDEFAMGSTTQYSAFHPTKNPWDFSRVPGGSSGGSAAAV
ATATIAKYFYNRIKTEDNQIGAFLSLCEERAYEKAAIIDAKRARGEPLGKLAGVPIGIKDNIHIRGLRTTCASKMLENYTAPFDATVVERIEAEDGVILGKLNMDEFAMGSTTQYSAFHPTKNPWDEFSRVPGGSSGGSSAAV
ATATIAKYFYNRIKTEDNQIGAFLSLCEERAYEKAAIIDAKRARGEPLGKLAGVPIGIKDNIHIRGLRTTCASKMLENYTAPFDATVVERIEAEDGVILGKLNMDEFAMGSTTQYSAFHPTKNPWDLSRVPGGSSGGSSAAV
ATATIAEYFYNRIATEDSRIGAFLSLCQERAYEKAASIDAKRARGELLGKLAGVPIGIKDNIHIMGLRTTCASKMLENYVAPFDATVVERIEAEDGI ILGKLNMDEFAMGSTTHY SAFHPTKNPWDLSCVPGGSSGGSAAAV
ATATIAEYFYNRIETEDSRIGAFLSLCKERAYEKAAIVDAKRERGEPLGKLAGVPIGIKDNIHVTGLRTTCASKMLENYIAPFDATVIKRIEAEDGI ILGKLNMDEFAMGSTTQYSAFHPTKNPWDLSCVPGGSSGGSAAAV
VTAITEYFYHRIESYDEQIGSFLSLCKERALLRASRIDDKLAKGDPIGILAGIPIGVKDNIHITGVKTTCASKMLENFVAPFDATVVRRIEMEDGI LLGKLNMDEFAMGSTTRY SAFQHTNNPWDLERVPGGSSGGSAAAV
VTAITEYFYHRIESHDEQIGAFLSLCKERALLRASRIDDKLAKGDPIGLLAGIPIGVKDNIHITGVKTTCASKMLENFVAPEFDSTVVRRIEMEDGI LLGKLNMDEFAMGSTTRY SAFHPTNNPWDLERVPGGSSGGSAAAV
VTAITEYFYHRIESHDEQIGAFLSLCKERALLRASRIDDKLAKGDPIGLLAGIPIGVKDNIHITGVKTTCASKMLENFVAPEFDSTVVRRIEMEDGI LLGKLNMDEFAMGSTTRY SAFHPTNNPWDLERVPGGSSGGSAAAV
VTAITEYFYHRIESHDEQIGAFLSLCKERALLRASRIDDKLAKGDPIGLLAGIPIGVKDNIHITGVKTTCASKMLENFVAPFDSTVVRRIEMEDGI LLGKLNMDEFAMGSTTRY SAFHPTNNPWDLERVPGGSSGGSAAAV
VTAITEYFYHRIESHDEQIGAFLSLCKERALLRASRIDDKLAKGDPIGLLAGIPIGVKDNIHITGVKTTCASKMLENFVAPFDSTVVRRIEMEDGI LLGKLNMDEFAMGSTTRY SAFHPTNNPWDLERVPGGSSGGSAAAV
ATGVTQHFFHRIEEAEGQVGAFISLCKEQALEQAELIDKKRSRGEPLGKLAGVPVGIKDNIHVTGLKTTCASRVLENYQPPFDATVVERIKKEDGI ILGKLNMDEFAMGSTTLYSAFHPTHNPWDLSRVPGGSSGGSAAAV
ATGVTQHFFHRIEEAEGQVGAFISLCKEQALEQAELIDKKRSRGEPLGKLAGVPVGIKDNIHVTGLKTTCASRMLENYQPPFDATVVERIKKEDGI ILGKLNMDEFAMGSTTLYSAFHPTHNPWDLSRVPGGSSGGSAAAV
ASEITKEFFSRIRENEKEIGAFISLCEERAKEKAAHVDAKRARGEPLGKLAGVPIGVKDNIHVLGLNTTCASRMLENYQAPFHATVIENIEAEDGI ILGKLNMDEFAMGSTTRY SAFHPTHNPWDLSRVPGGSSGGSAAAT
ASEITEEFFSRIRENEKEIGAFISLCEERAKEKAAHVDAKRARGEPLGKLAGVPIGVKDNIHVLGLNTTCASRMLENYQAPFHATVIENIEAEDGI ILGKLNMDEFAMGSTTRY SAFHPTHNPWDLSRVPGGSSGGSAAAT
ASEITEEFFSRIRENEKEIGAFISLCEERAKEKAAHVDAKRARGEPLGKLAGVPIGVKDNIHVLGLNTTCASRMLENYQAPFHATVIENIEAEDGI ILGNLNMDEFAMGSTTRYSAFHPTHNPWDLSRVPGGSSGGSAAAT
ASEITEEFFSRIRENEKEIGAFISLCEERAKEKAAHVDAKRARGEPLGKLAGVPIGVKDNIHVLGLNTTCASRMLENYQAPFHATVIENIEAEDGI ILGKLNMDEFAMGSTTRYSAFHPTHNPWDLSRVPGGSSGGSAAAT
ASEITEEFFSRIRENEKEIGAFISLCEERAKEKAAHVDAKRARGEPLGKLAGVPIGVKDNIHVLGLNTTCASRMLENYQAPFHATVIENIEAEDGI ILGKLNMDEFAMGSTTRYSAFHPTHNPWDLSRVPGGSSGGSAAAT
ASEITEEFFSRIRENEKEIGAFISLCEERAKEKAAHVDAKRARGEPLGKLAGVPIGVKDNIHVLGLNTTCASRMLENYQAPFHATVIENIEAEDGI ILGKLNMDEFAMGSTTRYSAFHPTHNPWDLSRVPGGSSGGSAAAT
ASEITEEFFSRIRENEKEIGAFISLCEERAKEKAAHVDAKRARGEPLGKLAGVPIGVKDNIHVLGLNTTCASRMLENYHAPFHATVIENIEAEDGI ILGKLNMDEFAMGSTTRYSAFHPTHNPWDLSRVPGGSSGGSAAAT
ASEITEEFFSRIRENEKEIGAFISLCEERAKEKAAHVDAKRARGEPLGKLAGVPIGVKDNIHVLGLNTTCASRMLENYQAPFHATVIENIEAEDGI ILGKLNMDEFAMGSTTRYSAFHPTHNPWDLSRVPGGSSGGSAAAT
ASEITEEFFSRIRENEKEIGAFISLCEERAKEKAAHVDAKRARGEPLGKLAGVPIGVKDNIHVLGLNTTCASRMLENYQAPFHATVIENIEAEDGI ILGKLNMDEFAMGSTTRYSAFHPTHNPWDLSRVPGGSSGGSAAAT
ASEITEEFFSRIRENEKEIGAFISLCEERAKEKAAHVDAKRARGEPLGKLAGVPIGVKDNIHVLGLNTTCASRMLENYQAPFHATVIENIEAEDGI ILGKLNMDEFAMGSTTRYSAFHPTHNPWDLSRVPGGSSGGSAAAT
ASEITEEFFSRIRENEKEIGAFISLCEERAKEKAAHVDAKRARGEPLGKLAGVPIGVKDNIHVLGLNTTCASRMLENYQAPFHATVIENIEAEDGI ILGKLNMDEFAMGSTTRYSAFHPTHNPWDLSRVPGGSSGGSAAATL
ASEITEEFFSRIRENEKEIGAFISLCEERAKEKAAHVDAKRARGEPLGKLAGVPIGVKDNIHVLGLNTTCASRMLENYQAPFHATVIENIEAEDGI ILGKLNMDEFAMGSTTRYSAFHPTHNPWDLSRVPGGSSGGSAAATL
ASEITEEFFSRIRENEKEIGAFISLCEERAKEKAAHVDAKRARGEPLGKLAGVPIGVKDNIHVLGLNTTCASRMLENYQAPFHATVIENIEAEDGI ILGKLNMDEFAMGSTTRYSAFHPTHNPWDLSRVPGGSSGGSAAATL



C. Nucleotide substitutions among four C. abortus fumcC alleles (in boldface; fumC_5, fumC_18, fumC_17, fumC_14 ruminant or avian C. abortus alleles) (a)

.10 .20 .30 .40 .50 .60 .70 .80 .90 .100 .110 .120 .130 .140 .150 .160 .170 .180 .190 .200 .210
consensus ATTGTTKCTGCTDCWGATGARATTMTMKMMGGMRRWTTTGAWGARCAYTTYCCTYTAARARGTTTGGCARACAGGWAGYGGMACKCARWSMAATATGAATGTSAARYGAGGTGATTGCKAATY TAGCWATTCARCGTCAYGGDGGDGWKY TWGGWAGYAAAMMWCCMRTRCAYCCYAATGATCAYGTRAATARATCYCARTCYTCWAATGAT

fumC_5 ATTGTTTCTGCTTCTGATGAGATTATCGCAGGCAATTTTGATGAACATTTCCCTCTAAAAGTTTGGCAGACAGGTAGTGGAACGCAATCARATATGAATGTGAACGAGGTGATTGCGAATCTAGCTATTCAACGTCACGGAGGGGT TTTAGGTAGCAAAACACCCATACATCCTAATGATCATGTAAATAAATCIMCAATCTTCARAATGAT
fumC_18 ATTGTTTCTGCTTCTGATGAGATTATCGCAGGCAATTTTGATGAACATTTCCCTCTAAAAGTTTGGCAGACAGGTAGTGGAACGCAATCARATATGAATGTGAACGAGGTGATTGCGAATCTAGCTATTCAACGTCACGGAGGGGT TTTAGGTAGCAAAACACCCATACATCCTAATGATCATGTAAATAAATCICAATCTTCARAATGAT
fumC_17 ATTGTTTCTGCTTCTGATGAGATTATCGCAGGCAATTTTGATGAACATTTCCCTCTAAAAGTTTGGCAGACAGGTAGTGGAACGCAATCARATATGAATGTGAACGAGGTGATTGCGAATCTAGCTATTCAACGTCACGGAGGGGT TTTAGGTAGCAAAACACCAATACATCCTAATGATCATGTAAATAAATCCCAATCTTCARAATGAT
fumC_14 ATTGTTTCTGCTTCTGATGAGATTATCGCAGGCAATTTTGATGAACATTTCCCTCTAAAAGTTTGGCAGACAGGTAGTGGAACGCAATCARATATGAATGTGAACGAGGTGATTGCGAATCTAGCTATTCAACGTCACGGAGGGGT TTTAGGTAGCAAAACACCAATACATCCTAATGATCATGTAAATAAATCCCAATCTTCARAATGAT
fumC_10 ATTGTTTCTGCTTCTGATGAGATTATAGCAGGCAATTTTGATGAGCATTTTCCTCTAAAAGTTTGGCAGACAGGTAGTGGAACGCAATCARATATGAATGTGAACGAGGTGATTGCGAATCTAGCTATTCAACGTCACGGTGGTGTTTTAGGTAGCARAACACCAATACACCCTAATGATCATGTARATAAATCCCAATCTTCTAATGAT
fumC_12 ATTGTTTCTGCTTCTGATGAGATTATAGCAGGCAATTTTGATGAGCATTTTCCTCTAAAAGTTTGGCAGACAGGTAGTGGAACGCAATCARATATGAATGTGAACGAGGTGATTGCGAATCTAGCTATTCAACGTCACGGTGGTGTTTTAGGTAGCARAACACCAATACACCCTAATGATCATGTARATAAATCCCAATCTTCTAATGAT
fumC_15 ATTGTTTCTGCTTCTGATGAGATTATAGCAGGCAATTTTGATGAGCATTTTCCTCTAAAAGTTTGGCAGACAGGTAGTGGAACGCAATCARATATGAATGTGAACGAGGTGATTGCGAATCTAGCTATTCAACGTCACGGTGGTGTTTTAGGTAGCARAACACCAATACACCCTAATGATCATGTARATAAATCCCAATCTTCTAATGAT
fumC_11 ATTGTTTCTGCTTCTGATGAGATTATAGCAGGAAATTTTGAAGAGCATTTTCCTCTAARAGTTTGGCAGACAGGTAGTGGAACGCAATCARATATGAATGTGAACGAGGTGATTGCGAATCTAGCTATTCAACGTCACGGTGGTATTTTAGGTAGCARAACACCAATACACCCTAATGATCATGTARATAAATCCCAATCTTCTAATGAT
fumC_13 ATTGTTTCTGCTTCTGATGAGATTATAGCAGGCAATTTTGAAGAGCATTTTCCTCTAARAGTTTGGCAGACAGGTAGTGGAACGCAATCARATATGAATGTGAARCGAGGTGATTGCGAATCTAGCTATTCAACGTCACGGTGGTATTTTAGGTAGCARAACACCAATACACCCTAATGATCATGTARATAAATCCCAATCTTCTAATGAT
fumC_16 ATTGTTTCCGCTTCTGATGAGATTATAACAGGCAATTTTGATGAGCACTTTCCTCTAAAAGTTTGGCAGACAGGCAGTGGAACGCAATCARATATGAATGTGAACGAGGTGATTGCGAATCTAGCTATTCAACGTCACGGTGGTGTTTTAGGTAGCARAACACCAATACATCCTAATGATCATGTARATAAATCCCAATCTTCTAATGAT
fumC_7 ATTGTCTCTGCTGCTGACGAGATTTTAGAAGGTAATTTTGATGAACATTTTCCTTTAAGGGTGTGGCAAACGGGAAGCGGGACGCAATCTAATATGAATGTGAATGAAGTGATCGCGAATCTAGCCATTCAACGTCACGGAGGAGTCGTTGGCAGTAAAACACCGATACATCCTAATGATCATGTGAATAAATCICAGTCTTCTAATGAT
fumC_6 ATTGTTTCTGCTGCTTCTGAGATTCTTGAAGGCGGATTTGAGGAGCATTTTCCTTTAAAGGTATGGCARACGGGCAGCGGCACGCAATCCAACATGAATGTAAATGAGGTTATTGCTAATTTAGCTATTCAACGTCATGGAGGGGTTGTAGGTAGTARAACACCGATACATCCTAATGATCATGTCAATAAATCCCAATCTTCGAATGAT
fumC_9 ATCGTTTCCGCAGCGGATAAGATCCTTCAGGGGGGGTATGAAGAGCATTTTCCTTTAAGGGTTTGGCAAACGGGAAGTGGAACACAGACARATATGAATGTCAATGAGGTGATAGCAAACCTTGCCATTCATAGTCATGGGGGAGT TTTGGGAAGTAAATCCCCMATACACCCTAATGATCATGTGAATAAATCIMCAGTCTTCAAATGAT
fumC_20 ATCGTTTCCGCAGCGGATAAGATCCTTCAGGGGGGGTATGAAGAGCATTTTCCTTTAAGGGTTTGGCAAACGGGAAGTGGAACACAGACARATATGAATGTCAATGAGGTGATAGCAAACCTTGCCATTCATAGTCATGGGGGAGT TTTGGGAAGTAAATCCCCMATACACCCTAATGATCATGTGAATAAATCICAGTCTTCARAATGAT
fumC_4 ATTGTTGCTGCTGCCGATGAGATTTTAGAGGGAGGTTTTGAAGAGCATTTCCCTTTAAAAGTTTGGCAGACAGGGAGCGGCACACAATCTAATATGAATGTGAATGAGGTGATTGCGAATCTTGCCATTCGTCATCACGGAGGGGTGTTAGGCAGTAAGGAT CCATCCATCCTAATGATCATGTGAATAAGTCCCAATCGTCCAATGAT
fumC_8 ATTGTGGCTGCTTCGGATGAAATTCTTTCCGGAGGATTAGAGGAACACTTCCCTTTAAAGGTATGGCAAACAGGAAGTGGAACCCAAAGCAATATGAATGTGAATGAGGTAATCGCTAATTTAGCGATTARACGTCACGGAGGGGAGCTAGGAAGTARAAATCC] GTGCATCCCAATGATCATGTGAATAAATCICAGTCTTCTAACGAT
fumC_2 ATTGTTGCTGCTACAGATGARATTCTCTCCGGAGAATTTGATGAACACTTCCCTTTAAAGGTTTGGCAGACAGGAAGCGGCACTCAAAGCAATATGAATGTCAATGAGGTGATTGCTAATTTAGCAATTCAGCGTCATGGGGGAGAGCTTGGAAGTAAACATCCCGTGCATCCCAATGATCACGTGAATARATCCCAGTCCTCAAATGAT
fumC_19 ATTGTTGCTGCTACAGATGARATTCTCTCCGGAGAATTTGATGAACACTTCCCTTTAAAGGTTTGGCAGACAGGAAGCGGCACTCAAAGCAATATGAATGTCAATGAGGTGATTGCTAATTTAGCAATTCAGCGTCATGGGGGAGAGCTTGGAAGTAAACATCCCGTGCATCCCAATGATCACGTGAATAAA CCCAGTCCTCAAATGAT
fumC_22 ATTGTTGCTGCTACAGATGARATTCTCTCCGGAGAATTTGATGAACACTTCCCTTTAAAGGTTTGGCAGACAGGAAGCGGCACTCAAAGCAATATGAATGTCAATGAGGTGATTGCTAATTTAGCAATTCAGCGTCATGGGGGAGAGCTTGGAAGTARAACATCCCGTGCATCCCAATGATCACGTGAATARATCCCAGTCCTCAAATGAT
fumC_1 ATTGTTGCTGCTACAGATGARATTCTCTCCGGAGAATTTGATGAACACTTCCCTTTAAAGGTTTGGCAGACAGGAAGCGGCACTCAAAGCAATATGAATGTCAATGAGGTGATTGCTAATTTAGCAATTCAGCGTCGTGGGGGAGAGCTTGGAAGTAAACATCCCGTGCATCCCAATGATCACGTGAATAAATCCCAGTCCTCARAATGAT
fumC_3 ATTGTTGCTGCTACAGATGARATTCTCTCCGGAGAATTTGATGAACACTTCCCTTTAAAGGTTTGGCAGACAGGAAGCGGCACTCAARAGCAATATGAATGTCAATGAGGTGATTGCTAATTTAGCAATTCAGCGTCATGGGGGAGAGCTTGGAAGTAAACATCCCGTGCATCCCAATGATCACGTGAATAAATCCCAGTCCTCAAATGAT
fumC_21 ATTGTTGCTGCTACAGATGARATTCTCTCCGGAGAATTTGATGAACACTTCCCTTTAAAGGTTTGGCAGACAGGAAGCGGCACTCAARAGCAATATGAATGTCAATGAGGTGATTGCTAATTTAGCAATTCAGCGTCATGGGGGAGAGCTTGGAAGTARAACATCCCGTGCATCCCAATGATCACGTGAATARATCCCAGTCCTCAAATGAT
fumC_23 ATTGTTGCTGCTACAGATGARATTCTCTCCGGAGAATTTGATGAACACTTCCCTTTAAAGGTTTGGCAGACAGGAAGCGGCACTCAAAGCAATATGAATGTCAATGAGGTGATTGCTAATTTAGCAATTCAGCATCATGGGGGAGAGCTTGGAAGTAAACATCCCGTGCATCCCAATGATCACGTGAATAAATCCCAGTCCTCARAATGAT
.220 .230 .240 .250 .260 .270 .280 .290 .300 .310 .320 .330 .340 .350 .360 .370 .380 .390 .400 .410 .420
consensus GTKTTCCCHACRGCWATGCATATWGCTGCRGTVMWRAGTMTRAARRRRWMWYTMATTCCKGCWYTGGAWCATTTAMARMRRGYKWTWGATGCTAARGY TKYDGARTTTSSWSRWKRTRTMAARATTGGMAGAACRCATTTRATGGATGCWGTTCCWATGACWYTWGGRC ARGARTTTTCTGGKTAYAGTWGYCARWTRCRTMAWTGTT
fumC_5 GTATTCCCAACAGCTATGCATATTGCTGCAGTCATGAGTCTGAAGAAGAAACTCATTCCTGCTCTGGATCATTTACAGAGGGCGTTAGATGCTAAGGTTGCGGAATTTCGAGATTGTGTCAAGATTGGCAGAACACATTTAATGGATGCTGTTCCTATGACATTAGGGC AGGAATTTTCTGGTTACAGTAGCCAAATACGTCAATGTT
fumC_18 GTATTCCCAACAGCTATGCATATTGCTGCAGTCATGAGTCTGAAGAAGAAACTCATTCCTGCTCTGGATCATTTACAGAGGGCGTTAGATGCTAAGGTTGCGGAATTTCGAGATTGTGTCAAGATTGGCAGAACACATTTAATGGATGCTGTTCCTATGACATTAGGGC AGGAATTTTCTGGTTACAGTAGCCAAATACGTCAATGTT
fumC_17 GTATTCCCAACAGCTATGCATATTGCTGCAGTIATGAGTCTGAAGAAGAAACTCATTCCTGCTCTGGATCATTTACAGAGGGCGTTAGATGCTAAGGTTGCGGAATTTCGAGATTGTGTCAAGATTGGCAGAACACATTTAATGGATGCTGTTCCTATGACATTAGGGC AGGAATTTTCTGGTTACAGTAGCCAAATACGTCAATGTT
fumC_14 GTATTCCCAACAGCTATGCATATTGCTGCAGTCATGAGTCTGAAGAAGAAACTCATTCCTGCTCTGGATCATTTACAGAGGGCGTTAGATGCTAAGGTTGCGGAATTTCGAGATTGTGTCAAGATTGGCAGAACACATTTAATGGATGCTGTTCCTATGACATTAGGGC AGGAATTTTCTGGTTACAGTAGCCAAATACGTCAATGTT
fumC_10 GTGTTCCCCACAGCTATGCATATTGCTGCAGTGATGAGTCTGAAGAAGAAATTAATTCCTGCTCTGGATCATTTACAGCGGGCGTTAGATGCTAAGGTTGCTGAGTTTCGAGATTGTGTCAAGATTGGCAGAACACATTTAATGGATGCTGTTCCTATGACATTAGGAC AAGAATTTTCTGGTTACAGTAGCCAAATACGTCAATGTT
fumC_12 GTGTTCCCCACAGCTATGCATATTGCTGCAGTGATGAGTCTGAAGAAGAAATTAATTCCTGCTCTGGATCATTTACAGCGGGCGTTAGATGCTAAGGTTGCTGAGTTTCGAGATTGTGTCAAGATTGGCAGAACACATTTAATGGATGCTGTTCCTATGACATTAGGAC AAGAATTTTCTGGTTACAGTAGCCAAATACGTCAATGTT
fumC_15 GTGTTCCCCACAGCTATGCATATTGCTGCAGTGATGAGTCTGAAGAAGAAATTAATTCCTGCTCTGGATCATTTACAGCGGGCGTTAGATGCTAAGGTTACTGAGTTTCGAGATTGTGTCAAGATTGGCAGAACACATTTAATGGATGCTGTTCCTATGACATTAGGAC AGGAATTTTCTGGTTACAGTAGCCAAATACGTCAATGTT
fumC_11 GTGTTCCCCACAGCTATGCATATTGCTGCAGTGATGAGTCTGAAGAAGAAATTAATTCCTGCTCTGGATCATTTACAGCGGGCGTTAGATGCTAAGGTTGCTGAGTTTCGAGATTGTGTCAAGATTGGCAGAACACATTTAATGGATGCTGTTCCTATGACATTAGGAC AGGAATTTTCTGGTTACAGTAGCCAAATACGTCAATGTT
fumC_13 GTGTTCCCCACAGCTATGCATATTGCTGCAGTGATGAGTCTGAAGAAGAAATTAATTCCTGCTCTGGATCATTTACAGCGGGCGTTAGATGCTAAGGTTGCTGAGTTTCGAGATTGTGTCAAGATTGGCAGAACACATTTAATGGATGCTGTTCCTATGACATTAGGAC AGGAATTTTCTGGTTACAGTAGCCAAATACGTCAATGTT
fumC_16 GTGTTCCCAACAGCTATGCATATTGCTGCAGTGATTAGTCTAAAGAAGAAATTAATTCCTGCTCTGGATCATTTACAGCGAGCGTTAGATGCTAAGGTTGCTGAATTTCGAGATTGTGTCAAGATTGGAAGAACACATTTAATGGATGCTGTTCCTATGACATTAGGGC AGGAATTTTCTGGTTACAGTAGCCAAATACGTCAATGTT
fumC_7 GTGTTTCCAACAGCTATGCATATGGCGGCTGTGATTAGCAT TAAGAAGAAATTGATTCCTTCTATGGATCATTTACAACGGGCTTTGGATGCTAAGGTTGCTGAATTTCGAGACTGCGT TAAGATAGGAAGAACCCATTTAATGGATGCTGTTCCTATGACATTAGGTC AGGAATTTTCTGGTTACAGTAGTCAGATTCGTCAGTGTT
fumC_6 GTTTTCCCTACAGCTATGCATATTGCTGCGGTGATTAATCTGAAGAAAAAGCTCATTCCCGCTATGGATCATTTGCAAAGGGCATTAGATGCTAAGGTAGCTGAATTTCGTGACTGCGTAAAGATAGGAAGAACACATTTAATGGATGCTGTTCCTATGACATTAGGAC AGGAGTTTTCTGGTTATAGTAATCAGATACGTCAATCCT
fumC_9 GTGTTCCCTACAGCTATGCATATTGCTGGAGTCTTGAGTGTGAAAAATCGACTTATCCCTGCGATTGATCATATGCTGAATAGT TTAAGCCATAAGGTGGATGAATTTCGTCATGATATAAAAATTGGTCGTACACATCTTATGGATGCGGTTCCTATGACTTTAGGGC AGGAGTTTTCCGGTTATCATTCCCAAATATTTCAGTGTT
fumC_20 GTGTTCCCTACAGCTATGCATATTGCTGGAGTCTTGAGTGTGAAAAATCGGCTCATCCCTGCGATTGATCATATGCTGAATAGT TTAAGCCATAAGGTGGATGAATTTCGTCATGATATAAAAATTGGTCGTACACATCTTATGGATGCGGTTCCTATGACTTTAGGGC AGGAGTTTTCCGGTTATCATTCCCAAATATTTCAGTGTT
fumC_4 GTTTTCCCTACAGCAATGCATATCGCTGCTGTGATTAGTTTAAAAAATAAGTTAATTCCAGCTTTAGATCATATGATTCGGGTGTTAGATGCTARAGTGGAAGAATTTCGTCATGATGTARAGATAGGACGGACCCATCTTATGGATGCGGTGCCTATGACGTTGGGTC AGGAATTTTCTGGTTATAGCAGTCAATTGCGTCACTGCT
fumC_8 GTTTTCCCTACGGCCATGCATATAGCTGCTGTGCAAAGTATAAAAGGTTCTTTAATACCGGCATTAGAACATTTACAAAAAAACCTTGATGCCARAGCTTTAGAGTTTTCTAGAGACATTAAAATTGGAAGAACACATCTAATGGATGCCGTTCCAATGACTCTAGGGC AAGAGTTTTCTGGGTACAGTCATCAGTTACGTAGTTGTT
fumC_2 GTTTTCCCAACGGCAATGCATATAGCTGCGGTACAAAGTATAAAAGGATCTTTAATTCCGGTATTGGAACATTTAAAAAAAGTTGTTGATGCTARAGCTTTAGAGTTTGCTCGAGATATAAAAATTGGAAGAACGCATTTGATGGATGTAGTTCCAATGACT CTTGGGCARAAGAGTTTTCTGGGTATAGT TGTCAGTTGCATAATTGTT
fumC_19 GTTTTCCCAACGGCAATGCATATAGCTGCGGTACAAAGTATAAAAGGATCTTTAATTCCGGTATTGGAACATTTAAAAAAAGTTGTTGATGCTARAGCTTTAGAGTTTGCTCGAGATATAAAAATTGGAAGAACGCATTTGATGGATGTAGT TCCAATGACT CTTGGGCARAAAGAGTTTTCTGGGTATAGT TGTCAGTTGCATAATTGTT
fumC_22 GTTTTCCCAACGGCAATGCATATAGCTGCGGTACAAAGTATAAAAGGATCTTTAATTCCGGCATTGGAACATTTAAAAAAAGTTATTGATGCTARAGCTTTAGAGTTTGCTCGAGATATAAAAATTGGAAGAACGCATTTGATGGATGCAGTTCCAATGACTCTTGGGC AAGAGTTTTCTGGGTATAGTTGTCAGTTGCATAATTGTT
fumC_1 GTTTTCCCAACGGCAATGCATATAGCTGCGGTACAAAGTATAAAAGGATCTTTAATTCCGGCATTGGAACATTTAAAAAAAGTTATTGATGCTARAGCTTTAGAGTTTGCTCGAGATATAAAAATTGGAAGAACGCATTTGATGGATGCAGTTCCAATGACTCTTGGGC AAGAGTTTTCTGGGTATAGTTGTCAGTTGCATAATTGTT
fumC_3 GTTTTCCCAACGGCAATGCATATAGCTGCGGTACAAAGTATAAAAGGATCTTTAATTCCGGCATTGGAACATTTAAAAAAAGTTATTGATGCTARAGCTTTAGAGTTTGCTCGAGATATAAAAATTGGAAGAACGCATTTGATGGATGCAGTTCCAATGACTCTTGGGC AAGAGTTTTCTGGGTATAGTTGTCAGTTGCATAATTGTT
fumC_21 GTTTTCCCAACGGCAATGCATATAGCTGCGGTACAAAGTATAAAAGGATCTTTAATTCCGGCATTGGAACATTTAAAAAAAGTTATTGATGCTARAGCTTTAGAGTTTGCTCGAGATATAAAAATTGGAAGAGCGCATTTGATGGATGCAGTTCCAATGACTCTTGGGC AAGAGTTTTCTGGGTATAGTTGTCAGTTGCATAATTGTT
fumC_23 GTTTTCCCAACGGCAATGCATATAGCTGCGGTACAAAGTATAAAAGGATCTTTAATTCCGGCATTGGAACATTTAAAAAAAGTTATTGATGCTAAAGCTTTGGAGTTTGCTCGAGATATAAAAATTGGAAGAACGCATTTGATGGATGCAGTTCCAATGACTCTTGGGC AAGAGTTTTCTGGGTATAGTTGTCAGTTGCATAATTGTT
.430 . 440 .450 .460
consensus TAGAGMGRRTVGSWTITTTCTYTDACDCAYMTSTATGARTTRGCBATW
fumC_5 TAGAGAGAGTGGCTTTTTCECTGACGCACATGTATGAATTAGCGATA
fumC_18 TAGAGAGAGTGGCTTTTTCICTGACGCACATGTATGAATTAGCGATA
fumC_17 TAGAGAGAGTGGCTTTTTCECTGACGCACATGTATGAATTAGCGATA
fumC_14 TAGAGAGAGTGGCTTTTTCECTGACGCACATGTATGAATTAGCGATA
fumC_10 TAGAGAGAGTCGCTTTTTClCTTACACACATGTATGAGTTAGCCATA
fumC_12 TAGAAAGAGTCGCTTTTTCECTTACACACATGTATGAGTTAGCCATA
fumC_15 TAGAGAGAGTCGCTTTTTClCTTACACACATGTATGAGTTAGCCATA
fumC_11 TAGAGAGAGTCGCTTTTTCECTTACACACATGTATGAGTTAGCCATA
fumC_13 TAGAGAGAGTCGCTTTTTCECTTACACACATGTATGAGTTAGCCATA
fumC_16 TAGAGAGAGTGGCTTTTTCECTTACACACATGTATGAATTGGCCATA
fumC_7 TAGAAAGAGTCGCCTTTTCCTTACACATATGTATGAGTTAGCTATA
fumC_6 TAGAGAGGGTAGCGTTTTCCCTTACGCATATGTATGAGTTAGCTATA
fumC_9 GTGAGCGCATAGCGTTTTCRCTGACGCATATGTATGAATTAGCCTTA
fumC_20 GTGAGCGCATAGCGTTTTCRCTGACGCATATGTATGAATTAGCCTTA
fumC_4 TAGAGAGTATAGCATTTTCTTAGCTCATTTATATGAACTTGCGATT
fumC_8 TGGAGCGTATAGGTTTTTCCTTAACCCATCTTTACGAATTAGCGATT
fumC_2 TAGAGCGGATAGGATTTTCRTTAACTCACCTCTATGAGTTGGCTATT
fumC_19 TAGAGCGGATAGGATTTTCRTTAACTCACCTCTATGAGTTGGCTATT
fumC_22 TAGAGTGGATAGGATTTTCRTTAACTCACCTCTATGAGTTGGCTATT
fumC_1 TAGAGCGGATAGGATTTTCRTTAACTCACCTCTATGAGTTGGCTATT
fumC_3 TAGAGCGGATAGGATTTTCRTTAACTCACCTCTATGAGTTGGCTATT
fumC_21 TAGAGCGGATAGGATTTTCRTTAACTCACCTCTATGAGTTGGCTATT
fumC_23 TAGAGCGGATAGGATTTTCRTTAACTCACCTCTATGAGTTGGCTATT



C. Sequence alignment among C. abortus fumC-encoded protein alleles (b)
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IVSASDEIIAGNFDEHFPLKVWQTGSGTQSNMNVNEVIANLAIQRHGGVLGSKTPIHPNDHVNKSQSSNDVFPTAMHIAAVMS LKKKLIPALDHLQRALDAKVAEFRDCVKIGRTHLMDAVPMTLGQEFSGYSSQIRQCLERVAFSLTHMYELAT
IVSASDEIIAGNFDEHFPLKVWQTGSGTQSNMNVNEVIANLAIQRHGGVLGSKTPIHPNDHVNKSQSSNDVFPTAMHIAAVMS LKKKLIPALDHLQRALDAKVAEFRDCVKIGRTHLMDAVPMTLGQEFSGYSSQIRQCLERVAFSLTHMYELATL
IVSASDEIIAGNFDEHFPLKVWQTGSGTQSNMNVNEVIANLAIQRHGGVLGSKTPIHPNDHVNKSQSSNDVFPTAMHIAAVMS LKKKLIPALDHLQRALDAKVAEFRDCVKIGRTHLMDAVPMTLGQEFSGYSSQIRQCLERVAFSLTHMYELATL
IVSASDEIIAGNFDEHFPLKVWQTGSGTQSNMNVNEVIANLAIQRHGGVLGSKTPIHPNDHVNKSQSSNDVFPTAMHIAAVMS LKKKLIPALDHLQRALDAKVAEFRDCVKIGRTHLMDAVPMTLGQEFSGYSSQIRQCLERVAFSLTHMYELAT
IVSASDEIIAGNFDEHFPLKVWQTGSGTQSNMNVNEVIANLATIQRHGGVLGSKTPIHPNDHVNKSQSSNDVEFPTAMHIAAVMS LKKKLIPALDHLQRALDAKVAEFRDCVKIGRTHLMDAVPMTLGOEFSGYSSQIRQCLERVAFSLTHMYELAT
IVSASDEIIAGNFDEHFPLKVWQTGSGTQSNMNVNEVIANLAIQRHGGVLGSKTPIHPNDHVNKSQSSNDVFPTAMHIAAVMS LKKKLIPALDHLQRALDAKVAEFRDCVKIGRTHLMDAVPMTLGQEFSGYSSQIRQCLERVAFSLTHMYELAT
IVSASDEIIAGNFDEHFPLKVWQTGSGTQSNMNVNEVIANLAIQRHGGVLGSKTPIHPNDHVNKSQSSNDVFPTAMHIAAVMS LKKKLIPALDHLQRALDAKVTEFRDCVKIGRTHLMDAVPMTLGQEFSGYSSQIRQCLERVAFSLTHMYELATL
IVSASDEITIAGNFEEHFPLKVWQTGSGTQSNMNVNEVIANLAIQRHGGILGSKTPIHPNDHVNKSQSSNDVFPTAMHIAAVMS LKKKLIPALDHLQRALDAKVAEFRDCVKIGRTHLMDAVPMTLGQEFSGYSSQIRQCLERVAFSLTHMYELATL
IVSASDEIIAGNFEEHFPLKVWQTGSGTQSNMNVNEVIANLAIQRHGGILGSKTPIHPNDHVNKSQSSNDVFPTAMHIAAVMS LKKKLIPALDHLQRALDAKVAEFRDCVKIGRTHLMDAVPMTLGQEFSGYSSQIRQCLERVAFSLTHMYELAT
IVSASDEIITGNFDEHFPLKVWQTGSGTQSNMNVNEVIANLAIQRHGGVLGSKTPIHPNDHVNKSQSSNDVFPTAMHIAAVISLKKKLIPALDHLQRALDAKVAEFRDCVKIGRTHLMDAVPMTLGQEFSGYSSQIRQCLERVAFSLTHMYELAT
IVSAADEILEGNFDEHFPLRVWQTGSGTQSNMNVNEVIANLAIQRHGGVVGSKTPIHPNDHVNKSQSSNDVEFPTAMHMAAVISIKKKLIPSMDHLQRALDAKVAEFRDCVKIGRTHLMDAVPMTLGQEFSGYSSQIRQCLERVAFSLTHMYELAT
IVSAASEILEGGFEEHFPLKVWQTGSGTQSNMNVNEVIANLAIQRHGGVVGSKTPIHPNDHVNKSQSSNDVFPTAMHIAAVINLKKKLIPAMDHLQRALDAKVAEFRDCVKIGRTHLMDAVPMTLGQEFSGYSNQIRQSLERVAFSLTHMYELAT
IVSAADKILQGGYEEHFPLRVWQTGSGTQTNMNVNEVIANLATIHSHGGVLGSKSPIHPNDHVNKSQSSNDVFPTAMHIAGVLSVKNRLIPATIDHMLNSLSHKVDEFRHDIKIGRTHLMDAVPMTLGOQEFSGYHSQIFQCCERIAFSLTHMYELAL
IVSAADKILQGGYEEHFPLRVWQTGSGTQTNMNVNEVIANLATIHSHGGVLGSKSPIHPNDHVNKSQSSNDVFPTAMHIAGVLSVKNRLIPAIDHMLNSLSHKVDEFRHDIKIGRTHLMDAVPMTLGOEFSGYHSQIFQCCERIAFSLTHMYELAL
IVAAADEILEGGFEEHFPLKVWQTGSGTQSNMNVNEVIANLATIRHHGGVLGSKDPIHPNDHVNKSQSSNDVFPTAMHIAAVISLKNKLIPALDHMIRVLDAKVEEFRHDVKIGRTHLMDAVPMTLGOEFSGYSSQLRHCLESIAFSLAHLYELAT
IVAASDEILSGGLEEHFPLKVWQTGSGTQSNMNVNEVIANLAIKRHGGELGSKNPVHPNDHVNKSQSSNDVFPTAMHIAAVQSIKGSLIPALEHLOKNLDAKALEFSRDIKIGRTHLMDAVPMTLGOEFSGYSHQLRSCLERIGFSLTHLYELAT
IVAATDEILSGEFDEHFPLKVWQTGSGTQSNMNVNEVIANLAIQRRGGELGSKHPVHPNDHVNKSQSSNDVFPTAMHIAAVQSIKGSLIPALEHLKKVIDAKALEFARDIKIGRTHLMDAVPMTLGOEFSGYSCQLHNCLERIGFSLTHLYELAT
IVAATDEILSGEFDEHFPLKVWQTGSGTQSNMNVNEVIANLAIQRHGGELGSKHPVHPNDHVNKSQSSNDVFPTAMHIAAVQSIKGSLIPALEHLKKVIDAKALEFARDIKIGRAHLMDAVPMTLGOEFSGYSCQLHNCLERIGFSLTHLYELAT
IVAATDEILSGEFDEHFPLKVWQTGSGTQSNMNVNEVIANLATIQRHGGELGSKHPVHPNDHVNKSQSSNDVEFPTAMHIAAVQSIKGSLIPALEHLKKVIDAKALEFARDIKIGRTHLMDAVPMTLGQEFSGYSCQLHNCLERIGFSLTHLYELAT
IVAATDEILSGEFDEHFPLKVWQTGSGTQSNMNVNEVIANLATIQRHGGELGSKHPVHPNDHVNKSQSSNDVEPTAMHIAAVQSIKGSLIPALEHLKKVIDAKALEFARDIKIGRTHLMDAVPMTLGQEFSGYSCQLHNCLEWIGFSLTHLYELAT
IVAATDEILSGEFDEHFPLKVWQTGSGTQSNMNVNEVIANLATIQHHGGELGSKHPVHPNDHVNKSQSSNDVEPTAMHIAAVQSIKGSLIPALEHLKKVIDAKALEFARDIKIGRTHLMDAVPMTLGQEFSGYSCQLHNCLERIGFSLTHLYELAT



D. Nucleotide substitutions among three C. abortus enoA alleles (in boldface; enoA 8, enoA_16, enoA 14 ruminant or avian C. abortus alleles) (a)

.10 .20 .30 .40 .50 .60 .70 .80 .90 .100 .110 .120 .130 .140 .150 .160 .170 .180 .190 .200 .210
consensus GGBATGCAYGCHRMHAAYGGYYTSSAATTYCAAGAATTTATGATYCGYCCDATWRGVGCDCMY TCYMTRMMMGARGCKGTRY SBATGGGDGCWGAWGTHTTYMAYRCYTTRAAAAAMMTCY TMMAKDMWMRWCABYTVKCTACAGGWGTDGGHGATGAAGGMGGMT TYGCTCCDMAHY TWVVHTCYAAYKCHGAAGCTY TRGABCTWCTY
enoA 8 GGTATGCATGCAAACAACGGCCTGCAATTTCAAGAATTTATGATTCGCCCTATAGGCGCACATTCTCTACAAGAAGCTGTACGTATGGGTGCCGATGTGTTCCATACATTGAARAACCTTCTCAATGATARACATCTCGCTACAGGAGTGGGAGATGAAGGCGGATTTGCTCCACAATTAARATCTAACTCTGAAGCTTTAGACCTTCTT

enoA:lG GGTATGCATGCAAACAACGGCCTGCAATTTCAAGAATTTATGATTCGCCCTATAGGCGCACATTCTCTACARGAAGCTGTACGTATGGGTGCCGATGTGTTCCATACATTGAARAACCTTCTCAATGATARACATCTCGCTACAGGAGTGGGAGATGAAGGCGGATTTGCTCCACAATTAARATCTAACTCTGAAGCTTTAGACCTTCTT
enoA_14 GGTATGCATGCAAACAACGGCCTGCAATTTCAAGAATTTATGATTCGCCCTATAGGCGCACATTCTCTACARAGAAGCTGTACGTATGGGTGCCGATGTGTTCCATACATTGAARAACCTTCTCAATGATARACATCTCGCTACAGGAGTGGGAGATGAAGGCGGATTTGCTCCACAATTAARATCTAACTCTGAAGCTTTAGACCTTCTT
enoA_13 GGCATGCATGCAGACAATGGTCTTCAATTTCAAGAATTTATGATTCGCCCTATAGGTGCACATTCTCTAAAAGAAGCTGTGCGTATGGGTGCTGATGT TTTCCATGCGTTGAAAARACTGCTCAACGATAGACATCTCGCTACAGGAGTTGGAGATGAAGGCGGATTTGCTCCAAACTTAACATCTAACTCTGAAGCTTTAGACCTTCTT
enoA_15 GGCATGCATGCAGACAATGGTCTTCAATTTCAAGAATTTATGATTCGCCCTATAGGTGCACATTCTCTAAAAGAAGCTGTGCGTATGGGTGCTGATGT TTTCCATGCGTTGAAAARACTGCTCAACGATAGACATCTCGCTACAGGAGTTGGAGATGAAGGCGGATTTGCTCCAAACTTAACATCTAACTCTGAAGCTTTAGACCTTCTT
enoA_10 GGTATGCATGCCAATAATGGACTACAATTCCAAGAATTTATGATTCGTCCTATCGGAGCAACATCAATAAAAGAGGCGGTACGTATGGGAGCAGATGTTTTTCACACTCTGAAAAAACTCCTCAACGATARGAACCTCGCTACGGGAGTGGGAGATGAGGGAGGATTTGCTCCTCAACTCARATCCAACTCTGAAGCTTTAGATCTTCTT

enoA_9 GGGATGCACGCAAATAACGGTTTGCAATTCCAAGAGTTTATGATTCGTCCTATCGGAGCAACTTCTCTARARGAAGCTGTACGGATGGGCGCTGATGTTTTTCATTCTTTGAARAATATCCTCAATGARARARACTTAGCTACAGGGGTTGGTGATGAAGGAGGCTTTGCTCCACAACTAARATCTAACTCTGAAGCATTAGATCTTCTT
enoA 5 GGCATGCATGCCGATAACGGCTTGGGGTTCCAAGAATTTATGATCCGTCCTATTGGAGCCTCTTCCATCAAAGAAGCTGTCAACATGGGTGCTGACGTTTTTCATACTTTGAAAAAATTACTCCATGARAGAGGCTTATCTACTGGAGTGGGTGACGAAGGAGGCTTCGCCCCGAATCTTGCTTCTAATGAAGAAGCTCTAGAGCTCCTA
enohA_6 GGCATGCATGCCGATAACGGCTTGGAGTTCCAAGAATTTATGATCCGTCCTATTGGAGCCTCTTCCATCAAAGAAGCTGTCAACATGGGTGCTGACGTTTTTCATACTTTGAAAAAATTACTCCATGARAGAGGCTTATCTACTGGAGTGGGTGACGAAGGAGGCTTCGCCCCGAATCTTGCTTCTAATGAAGAAGCTCTAGAGCTCCTA
enoA 7 GGCATGCATGCCGATAACGGCTTGGAGTTCCAAGAATTTATGATCCGTCCTATTGGAGCCTCTTCCATCAAAGAAGCTGTCAACATGGGTGCTGACGTTTTTCATACTTTGAAAAAATTACTCCATGARAGAGGCTTATCTACTGGAGTGGGTGACGAAGGAGGCTTCGCCCCGAATCTTGCTTCTAATGAAGAAGCTCTAGAGCTCCTA

enoA 17 GGCATGCATGCCGATAACGGCTTGGAGTTCCAAGAATTTATGATCCGTCCTATTGGAGCCTCTTCCATCAAAGAAGCTGTCAACATGGGTGCTGACGTTTTTCATACTTTGAAAAAATTACTCCATGARAGAGGCTTATCTACTGGAGTGGGTGACGAAGGAGGCTTCGCCCCGAATCTTGCTTCTAATGAAGAAGCTCTAGAGCTCCTA
enoA 12 GGGATGCACGCAGATAATGGCCTGGAATTTCAAGAATTTATGATCCGTCCGATTGGGGCGCACTCTATGCACGAGGCGGTATCTATGGGGGCGGATGTATTCCATGCTTTGAAAAACCTCTTARAGTCACGTCATTTAGCTACAGGAGTAGGCGATGAAGGAGGCTTTGCTCCGAACTTACGCTCCAATGCAGAAGCTTTAGAGCTTCTC
enoA 18 GGGATGCACGCAGATAATGGCCTGGAATTTCAAGAATTTATGATCCGTCCGATTGGGGCGCACTCTATGCACGAGGCGGTATCTATGGGGGCGGATGTATTCCATGCTTTGAAAAACCTCTTARAGTCACGTCATTTAGCTACAGGAGTAGGCGATGAAGGAGGCTTTGCTCCGAACTTACGCTCCAATGCAGAAGCTTTAGAGCTTCTC
enoA 22 GGGATGCACGCAGATAATGGCCTGGAATTTCAAGAATTTATGATCCGTCCGATTGGGGCGCACTCTATGCACGAGGCGGTATCTATGGGGGCGGATGTATTCCATGCTTTGAAAAACCTCTTARAGTCACGTCATTTAGCTACAGGAGTAGGCGATGAAGGAGGCTTTGCTCCGAACTTACGCTCCAATGCAGAAGCTTTAGAGCTTCTC
enoA_ 23 GGGATGCACGCAGATAATGGCCTGGAATTTCAAGAATTTATGATCCGTCCGATTGGGGCGCACTCTATGCACGAGGCGGTATCTATGGGGGCAGATGTATTCCATGCTTTGAAAAACCTCTTARAGTCACGTCATTTAGCTACAGGAGTAGGCGATGAAGGAGGCTTTGCTCCGAACTTACGCTCCAATGCAGAAGCTTTAGAGCTTCTC
enoA 19 GGGATGCACGCAGATAATGGCCTGGAATTTCAAGAATTTATGATCCGTCCGATTGGGGCGCACTCTATGCACGAGGCGGTATCTATGGGGGCAGATGTATTCCATGCCTTGAAAAACCTCTTARAGTCACGTCATTTAGCTACAGGAGTAGGCGATGAAGGAGGCTTTGCTCCGAACTTACGCTCCAATGCAGAAGCTTTAGAGCTTCTC
enoA_ 20 GGGATGCACGCAGATAATGGCCTGGAATTTCAAGAATTTATGATCCGTCCGATTGGAGCGCACTCTATGCACGAGGCGGTATCTATGGGGGCAGATGTATTCCATGCCTTGAAAAACCTCTTARAGTCACGTCATTTAGCTACAGGAGTAGGCGATGAAGGAGGCTTTGCTCCGAACTTACGCTCCAATGCAGAAGCTTTAGAGCTTCTC
enoA 21 GGGATGCACGCAGATAATGGCCTGGAATTTCAAGAATTTATGATCCGTCCGATTGGAGCGCACTCTATGCACGAGGCGGTATCTATGGGGGCAGATGTATTCCATGCCTTGAAAAACCTCTTARAGTCACGTCATTTAGCTACAGGAGTAGGCGATGAAGGAGGCTTTGCTCCGAACGTACGCTCCAATGCAGAAGCTTTAGAGCTTCTC
enoA_11 GGCATGCATGCAACARATGGCCTCCAATTTCAAGAATTTATGATCCGTCCTATTAGCGCTCCTTCCCTAACAGAAGCTGTGCGCATGGGAGCAGAAGT TTTTCACACTTTGAAAAAAATCT TACAAAATCGGCAACTTTCTACAGGAGTCGGAGATGAAGGCGGATTCGCTCCCCAACTCGCTTCCAATTCAGAGGCGCTTGACCTTCTC

enoA_2 GGTATGCATGCTACARATGGTCTCCAATTCCAAGAATTTATGATTCGTCCAATTAGCGCTCCTTCTCTAAAAGAGGCTGTGCGGATGGGAGCAGAAGTCTTCAACGCCTTAAAAAAAATCT TACAGAATCGACAGCTGGCTACAGGTGTTGGTGATGAAGGCGGATTTGCTCCTAATCTTGCCTCTAATGCCGAAGCTCTGGATCTACTC
enoA_3 GGTATGCATGCTACARATGGTCTCCAATTCCAAGAATTTATGATTCGTCCAATTAGCGCTCCTTCTCTAACAGAGGCTGTGCGGATGGGAGCAGAAGTCTTCAACGCCTTAAAAAAAATCT TACAGAATCGACAGCTGGCTACAGGTGTTGGTGATGAAGGCGGATTTGCTCCTAATCTTGCCTCTAATGCCGAAGCTCTGGATCTACTC
enoA_25 GGTATGCATGCTACARATGGTCTCCAATTCCAAGAATTTATGATTCGTCCAATTAGCGCTCCTTCTCTAACAGAGGCTGTGCGGATGGGAGCAGAAGTCTTCAACGCCTTAAAAAAAATCT TACAGAATCGACAGCTGGCTACAGGTGTTGGTGATGAAGGCGGATTTGCTCCTAATCTTGCCTCTAATGCCGAAGCTCTGGATCTACTC
enoA_4 GGTATGCATGCTACARATGGTCTCCAATTCCAAGAATTTATGATTCGTCCAATTAGCGCTCCTTCTCTAACAGAGGCTGTGCGGATGGGAGCAGAAGTCTTCAACGCCTTAAAAAAAATCT TACAAAATCGACAGCTGGCTACAGGTGTTGGTGATGAAGGCGGATTTGCTCCTAATCTTGCCTCTAATGCCGAAGCTCTGGATCTACTC
enoA_1 GGTATGCATGCTACARATGGTCTCCAATTCCAAGAATTTATGATTCGTCCAATTAGCGCTCCTTCTCTAACAGAGGCTGTGCGGATGGGAGCAGAAGTCTTCAACGCCTTAAAAAAAATCT TACAGAATCGACAGCTGGCTACAGGTGTTGGTGATGAAGGTGGATTTGCTCCTAATCTTGCCTCTAATGCCGAAGCTCTGGATCTACTC

enoA_24 GGTATGCATGCTACARATGGTCTCCAATTCCAAGAATTTATGATTCGTCCAATTAGCGCTCCTTCTCTAACAGAGGCTGTGCGGATGGGAGCAGAAGTCTTCAACGCCTTAAAAAAAATCT TACAGAATCGACAGCTGGCTACAGGTGTCGGTGATGAAGGCGGATTTGCTCCTAATCTTGCCTCTAATGCCGAAGCTCTGGATCTACTC

.220 .230 .240 .250 .260 .270 .280 .290 .300 .310 .320 .330 .340 .350 .360 .370 .380
consensus DTRMYWGCWATHGAARMHGCAGGHTTYVHVCCTRGVRARGADRTYTCTYTAGCTCTHGAYTGYGCWGCWTCYTCTTTYTAYRAWRCMVMRRMWRAAACYTAY SAHGGSARRHMBTMT SMWGMWCARRTVGVBATWCT YRMMGADYTHTGYGAKCRBTWTCCTATAGAYTCY
enoA_8 GTATTAGCTATTGAGAAAGCCGGTTTCCAGCCTGGCGAGGAGATCTCTTTAGCTCTTGACTGTGCTGCATCTTCTTTCTACGATAC CAGAAACTTACGCAGGGA CTCTCAAGAACAAGTCGGCATACTCGCCGATCTTTGTGATCGTTATCCTATAGACTCT
enoA_16 GTATTAGCTATTGAGAAAGCCGGTTTCCAGCCTGGCGAGGAGATCTCTTTAGCTCTTGACTGTGCTGCATCTTCTTTCTA.GATACAAAAACAGAAACTTACGCAGIGAAAAACTCTCAAGAACAAGTCGGCATACTCGCCGATCTTTGTGATCGTTATCCTATAGACTCT
enoA_14 GTATTAGCTATTGAGAAAGCCGGTTTCCAGCCTGGCGA.GAGATCTCTTTAGCTCTTGACTGTGCTGCATCTTCTTTCTACFAT (o} CAGAAACTTACGCAGGGA CTCTC CAAGTCGGCATACTCGCCGATCTTTGTGATCGTTATCCTATAGACTCT
enoA_13 TTACTAGCTATTGAAAAAGCAGGTTTCCAGCCTGGCGAGGAGATCTCTTTAGCTCTTGACTGTGCTGCATCTTCTTTCTACGATAC CAAAAACTTACGAAGGGA CTCTCAAGAACAAGTCAGCATACTCGCCGATCTTTGTGATCGTTATCCTATTGACTCT
enoA_15 TTACTAGCTATTGAAAAAGCAGGTTTCCAGCCTGGCGAGGAGATCTCTTTAGCTCTTGACTGTGCTGCATCTTCTTTCTACGATAC CAAAAACTTACGAAGGGA CTCTCAAGAACAAGTCAGCATACTCGCCGATCTTTGTGACCGTTATCCTATTGACTCT
enoA_10 GTATTAGCTATTGAAAAATCTGGTTTCCAACCGGGG GAAATTTCACTAGCTCTTGATTGCGCAGCATCTTCTTTCTAMGATACCAAAACAAAAACTTACGAGGGTAAGAGCTATCAAGAACAAGTAGARATACT TGCAGATCTTTGCGACCGTTATCCTATTGATTCC
enoA_9 GTACTTGCTATCGAAAAAGCAGGTTTCCAACCTGGAGABGACATCTCCCTAGCTCTCGATTGCGCAGCTTCTTCCTTCTAMGATACGAAAGCAGARACCTATGATGGAAAGAGCTATGAAGAACAAGTGAACATACTTGCCGATCTCTGTGATCGCTATCCTATCGATTCT
enoA_5 TTGCTGGCTATTGAAAAAGCAGGCTTTACTCCAGG. GATATATCGCTAGCCTTAGACTGCGCAGCATCCTCATTCT: CGTAAAAACAGGCACGTATGATGGGAGGCACTATGAAGAGCAAATCGCAATCCTTTCTAATTTATGTGATCGCTATCCTATAGACTCC
enoA_6 TTGCTGGCTATTGAAAAAGCAGGCTTTACTCCAGG. GATATATCGCTAGCCTTAGACTGCGCAGCATCCTCATTCT: CGTAAAAACAGGCACGTATGATGGGAGGCACTATGAAGAGCAAATCGCAATCCTTTCTAATTTATGTGATCGCTATCCTATAGACTCC
enoA_7 TTGCTGGCTATTGAAAAAGCAGGCTTTACTCCAGG. GATATATCGCTAGCCTTAGACTGCGCAGCGTCCTCATTCT: CGTAAAAACAGGCACGTATGATGGGAGGCACTATGAAGAGCAAATCGCAATCCTTTCTAATTTATGTGATCGCTATCCTATAGACTCC
enoA_17 TTGCTGGCTATTGAAAAAGCAGGCTTTACTCCAGG. GATATATCGCTAGCCTTAGACTGCGCAGCATCCTCATTCTARAACGTAAAAACAGGCACGTATGATGGAAGGCACTATGAAGAGCAAATCGCTATCCTTTCTAATTTATGTGATCGCTATCCTATAGACTCC
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enoA_12 ATGACTGCAATAGAAGCCGCAGGTTTTGTCCCTGGGGAGGAAGTTTCTTTAGCTCTAGATTGCGCAGCATCTTCTTTTTACGAAGCAGTGACAAAAACCTATCACGGCAGACCTTATGATGCACAGATAGAGATTCTT. GCTTTGCGAACGGTTTCCTATAGACTCT
enoA_18 ATGACTGCAATAGAAGCCGCAGGTTTTGTCCCTGGGGAGGAAGTTTCTTTAGCTCTAGATTGCGCAGCATCTTCTTTTTACGAAGCAGCGACAAAAACCTATCACGGCAGACCTTATGATGCACAGATAGAGATTCTT. GCTTTGCGAGCGGTTTCCTATAGACTCT
enohA_22 ATGACTGCAATAGAAGCCGCAGGTTTTGTCCCTGGGGAGGAAGTTTCTTTAGCTCTAGATTGCGCAGCATCTTCTTTTTACGAAGCAGCGACAAAAACCTATCACGGCAGACCTTATGATGCAC, TAGAGATTCTT, GAGCTTTGCGAGCGGTTTCCTATAGACTCT
enoA_23 ATGACTGCAATAGAAGCCGCAGGTTTTGTCCCTGGGGAGGAAGTTTCTTTAGCTCTAGATTGCGCAGCATCTTCTTTTTACGAAGCAGCGACAAAAACCTATCACGGCAGACCTTATGATGCACAGATAGAGATTCTT. GAGCTTTGCGAGCGGTTTCCTATAGACTCT
enoA_19 ATGACTGCAATAGAAGCCGCAGGTTTTGTCCCTGGGGAGGAAGTTTCTTTAGCTCTAGATTGCGCAGCATCTTCTTTTTACGAAGCAGCGACAAAAACCTATCACGEGTAGACCTTATGATGCACAGATAGAGATTCTT. GAGCTTTGCGAGCGGTTTCCTATAGACTCT
enoA_20 ATGACTGCAATAGAAGCCGCAGGTTTTGTCCCTGGGGAGGAGGTTTCTTTAGCTCTAGATTGCGCAGCATCTTCTTTTTACGAAGCAGCGACAAARAACCTATCACGETAGACCTTATGATGCACAGATAGAGATTCTTAAAGAGCTTTGCGAGCGGTTTCCTATAGACTCT
enoA_21 ATGACTGCAATAGAAGCCGCAGGTTTTGTCCCTGGGGAGGAGGTTTCTTTAGCTCTAGATTGCGCAGCATCTTCTTTTTACGAAGCAGCGACAAAAACCTATCACGETAGACCTTATGATGCACAGATAGAGATTCTTAAAGAGCTTTGCGAGCGGTTTCCTATAGACTCT
enoA_11 TTGGCTGCTATTGAAAAGGCTGGCTTTATCCCTGGAGAGGATATTTCTTTAGCTCTTGATTGCGCAGCTTCCTCGTTTTACAATACTCAGGATARAACTTATGATGECAAGTCCGCTGCAGATCAAGTTGCTGTACTCACAGAATTATGCGATCGCTATCCTATAGATTCT
enoA_2 TTAACAGCAATCGAAACTGCAGGATTCACACCTAGAGAAGATATTTCTTTAGCTCTCGACTGCGCTGCTTCTTCTTTCT. TACCCAAGATAAAACCTATGATGEGAAATCGTATGCAGATCAAGTGGGTATACTTGCAGAACTCTGTGAGCACTATCCTATAGATTCT
enoA_3 TTAACAGCAATCGAAACTGCAGGATTCACACCTAGAGAAGATATTTCTTTAGCTCTCGACTGCGCTGCTTCTTCTTTCT. TACCCAAGATAARAACCTATGATGEGAAATCGTATGCAGATCAAGTGGGTATACTTGCAGAACTCTGTGAGCACTATCCTATAGATTCT
enoA_25 TTAACAGCAATCGAAACTGCAGGATTCACACCCAGAGAAGATATTTCTTTAGCTCTCGACTGCGCTGCTTCTTCTTTCT. TACCCAAGATAAAACCTATGATGEGAAATCGTATGCAGATCAAGTGGGTATACTTGCAGAACTCTGTGAGCACTATCCTATAGATTCT
enoA_4 TTAACAGCAATCGAAACTGCAGGATTCACACCTAGAGAAGATATTTCTTTAGCTCTCGACTGCGCTGCTTCTTCTTTCT. TACCCAAGATAAAACCTATGATGEGAAATCGTATGCAGATCAAGTGGGTATACTTGCAGAACTCTGTGAGCACTATCCTATAGATTCT
enoA_1 TTAACAGCAATCGAAACTGCAGGATTCACACCTAGAGAAGATATTTCTTTAGCTCTCGACTGCGCTGCTTCTTCTTTCT. TACCCAAGATAARAACCTATGATGEGAAATCGTATGCAGATCAAGTGGGTATACTTGCAGAACTCTGTGAGCACTATCCTATAGATTCT
enoA_24 TTAACAGCAATCGAAACTGCAGGATTCACACCTAGAGABGATATTTCTTTAGCTCTCGACTGCGCTGCTTCTTCTTTCT. TACCCAAGATAARAACCTATGATGEGAAATCGTATGCAGATCAAGTGGGTATACTTGCAGAACTCTGTGAGCACTATCCTATAGATTCT
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D. Amino-acid substitutions among enoA-encoded protein alleles (b)

enoA 8
enoA 16
enoA_ 14
enoA 13
enoA_15
enoA 10
enoA 9
enoA_5
enoA 6
enoA_7
enoA_17
enoA 12
enoA 18
enoA 22
enoA 23
enoA 19
enoA 20
enoA 21
enoA 11
enoA 2
enoA 3
enoA 25
enoA 4
enoA 1
enoA 24
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GMHANNGLQFQEFMIRPIGAHSLQEAVRMGADVFHTLKNLLNDKHLATGVGDEGGFAPQLKSNSEALDLLVLATIEKAGFQPGEEISLALDCAASSFYDTKTETYAGKNSQEQVGILADLCDRYPIDS
GMHANNGLQFQEFMIRPIGAHSLQEAVRMGADVFHTLKNLLNDKHLATGVGDEGGFAPQLKSNSEALDLLVLAIEKAGFQPGEEISLALDCAASSFYDTKTETYAIKNSQEQVGILADLCDRYPIDS
GMHANNGLQFQEFMIRPIGAHSLQEAVRMGADVFHTLKNLLNDKHLATGVGDEGGFAPQLKSNSEALDLLVLATIEKAGFQPGEEISLALDCAASSFYDTKTETYAGKNSQEQVGILADLCDRYPIDS
GMHADNGLQFQEFMIRPIGAHSLKEAVRMGADVFHALKKLLNDRHLATGVGDEGGFAPNLTSNSEALDLLLLATEKAGFQPGEEISLALDCAASSFYDTKTKTYEGKNSQEQVSILADLCDRYPIDS
GMHADNGLQFQEFMIRPIGAHSLKEAVRMGADVFHALKKLLNDRHLATGVGDEGGFAPNLTSNSEALDLLLLATIEKAGFQPGEEISLALDCAASSFYDTKTKTYEGKNSQEQVSILADLCDRYPIDS
GMHANNGLQFQEFMIRPIGATSIKEAVRMGADVFHTLKKLLNDKNLATGVGDEGGFAPQLKSNSEALDLLVLATIEKSGFQPGKEISLALDCAASSFYDTKTKTYEGKSYQEQVEILADLCDRYPIDS
GMHANNGLQFQEFMIRPIGATSLKEAVRMGADVFHSLKNILNEKNLATGVGDEGGFAPQLKSNSEALDLLVLATIEKAGFQPGEDISLALDCAASSFYDTKAETYDGKSYEEQVNILADLCDRYPIDS
GMHADNGLGFQEFMIRPIGASSIKEAVNMGADVFHTLKKLLHERGLSTGVGDEGGFAPNLASNEEALELLLLATEKAGFTPGKDISLALDCAASSFYNVKTGTYDGRHYEEQIAILSNLCDRYPIDS
GMHADNGLEFQEFMIRPIGASSIKEAVNMGADVFHTLKKLLHERGLSTGVGDEGGFAPNLASNEEALELLLLATEKAGFTPGKDISLALDCAASSFYNVKTGTYDGRHYEEQIAILSNLCDRYPIDS
GMHADNGLEFQEFMIRPIGASSIKEAVNMGADVFHTLKKLLHERGLSTGVGDEGGFAPNLASNEEALELLLLATIEKAGFTPGKDISLALDCAASSFYNVKTGTYDGRHYEEQIAILSNLCDRYPIDS
GMHADNGLEFQEFMIRPIGASSIKEAVNMGADVFHTLKKLLHERGLSTGVGDEGGFAPNLASNEEALELLLLATIEKAGFTPGKDISLALDCAASSFYNVKTGTYDGRHYEEQIAILSNLCDRYPIDS
GMHADNGLEFQEFMIRPIGAHSMHEAVSMGADVFHALKNLLKSRHLATGVGDEGGFAPNLRSNAEALELLMTAIEAAGFVPGEEVSLALDCAASSEFYEAVTKTYHGRPYDAQIEILKELCERFPIDS
GMHADNGLEFQEFMIRPIGAHSMHEAVSMGADVFHALKNLLKSRHLATGVGDEGGFAPNLRSNAEALELLMTAIEAAGFVPGEEVSLALDCAASSEFYEAATKTYHGRPYDAQIEILKELCERFPIDS
GMHADNGLEFQEFMIRPIGAHSMHEAVSMGADVFHALKNLLKSRHLATGVGDEGGFAPNLRSNAEALELLMTAIEAAGFVPGEEVSLALDCAASSEFYEAATKTYHGRPYDAQIEILKELCERFPIDS
GMHADNGLEFQEFMIRPIGAHSMHEAVSMGADVFHALKNLLKSRHLATGVGDEGGFAPNLRSNAEALELLMTAIEAAGFVPGEEVSLALDCAASSFYEAATKTYHGRPYDAQIEILKELCERFPIDS
GMHADNGLEFQEFMIRPIGAHSMHEAVSMGADVFHALKNLLKSRHLATGVGDEGGFAPNLRSNAEALELLMTAIEAAGFVPGEEVSLALDCAASSEFYEAATKTYHGRPYDAQIEILKELCERFPIDS
GMHADNGLEFQEFMIRPIGAHSMHEAVSMGADVFHALKNLLKSRHLATGVGDEGGFAPNLRSNAEALELLMTAIEAAGFVPGEEVSLALDCAASSEFYEAATKTYHGRPYDAQIEILKELCERFPIDS
GMHADNGLEFQEFMIRPIGAHSMHEAVSMGADVFHALKNLLKSRHLATGVGDEGGFAPNVRSNAEALELLMTATIEAAGFVPGEEVSLALDCAASSFYEAATKTYHGRPYDAQIEILKELCERFPIDS
GMHATNGLQFQEFMIRPISAPSLTEAVRMGAEVFHTLKKILONRQLSTGVGDEGGFAPQLASNSEALDLLLAATEKAGFIPGEDISLALDCAASSFYNTQDKTYDGKSAADQVAVLTELCDRYPIDS
GMHATNGLQFQEFMIRPISAPSLKEAVRMGAEVEFNALKKILONRQLATGVGDEGGFAPNLASNAEALDLLLTAIETAGFTPREDISLALDCAASSFYNTQDKTYDGKSYADQVGILAELCEHYPIDS
GMHATNGLQFQEFMIRPISAPSLTEAVRMGAEVEFNALKKILONRQLATGVGDEGGFAPNLASNAEALDLLLTAIETAGFTPREDISLALDCAASSFYNTQDKTYDGKSYADQVGILAELCEHYPIDS
GMHATNGLQFQEFMIRPISAPSLTEAVRMGAEVEFNALKKILONRQLATGVGDEGGFAPNLASNAEALDLLLTAIETAGFTPREDISLALDCAASSFYNTQDKTYDGKSYADQVGILAELCEHYPIDS
GMHATNGLQFQEFMIRPISAPSLTEAVRMGAEVEFNALKKILONRQLATGVGDEGGFAPNLASNAEALDLLLTAIETAGFTPREDISLALDCAASSFYNTQDKTYDGKSYADQVGILAELCEHYPIDS
GMHATNGLQFQEFMIRPISAPSLTEAVRMGAEVEFNALKKILONRQLATGVGDEGGFAPNLASNAEALDLLLTAIETAGFTPREDISLALDCAASSFYNTQDKTYDGKSYADQVGILAELCEHYPIDS
GMHATNGLQFQEFMIRPISAPSLTEAVRMGAEVENALKKILONRQLATGVGDEGGFAPNLASNAEALDLLLTATIETAGFTPREDISLALDCAASSFYNTQDKTYDGKSYADQVGILAELCEHYPIDS



