Primers and Protocols for Multi-host P. multocida ML ST Scheme

Genes

The following seven housekeeping enzyme genes were selected based on their widespread

locations around the chromosome and the differing functions of the encoded enzymes.

adk adenylate cyclase nucleotide biosynthesis

aroA 3-phosphoshikimate 1-carboxyvinyl transferase  amino acid biosynthesis

deoD purine nucleoside phosphorylase nucleotide biosynthesis

gdhA glutamate dehydrogenase amino acid biosynthesis

g6pd glucose-6-phosphate 1-dehydrogenase energy metabolism: pentose

phosphate pathway

mdh mal ate dehydrogenase energy metabolism; TCA cycle
poi phosphoglucose isomerase energy metabolism; glycolysis

PCR Amplification

Chromosomal DNA was prepared from 1.0 ml volumes of overnight cultures grown in brain
heart infusion broth with the InstaGene Matrix (Bio-Rad) according to the manufacturer’s
instructions. PCR fragments of the seven housekeeping enzyme genes were amplified from
chromosomal DNA with a Tag DNA polymerase kit (Boehringer Mannheim) according to
the manufacturer’s instructions. Each 50 pl amplification reaction mixture comprised 5.0 pl
10x PCR buffer (100 mM Tris-HCI, 15 mM MgCl,, 500 mM KCI, pH 8.3), 4.0 ul dNTP
solution (Promega UltraPure dNTP set adjusted to 1.25 mM each dNTP), 4.0 ul of each
forward and reverse primer (25 pmol/ul), 2 ul chromosomal DNA (5-20 ng/ul) and 1 U Taq
DNA polymerase. PCRs were carried out in a Perkin Elmer 480 DNA thermal cycler using
the following amplification parameters: denaturation at 94°C for 45 s, annealing at 56 to
60°C (see below) for 45 s, and extension at 72°C for 2 min. Thirty cycles were performed,
and afinal extension step of 72°C for 10 min was used. Production of a PCR amplicon of the
expected size was confirmed by agarose gel electrophoresis and the DNA purified with a
QIAquick PCR purification kit (Qiagen, Chatsworth, Calif.). The DNA was finally eluted in
30 pl of sterile, distilled HoO and stored at -20°C. One microlitre of purified DNA was



analysed by agarose gel electrophoresis to confirm purification and for estimation of DNA

concentration.

PCR Primers
L ocus Primer sequence (5 to 3') Annealing
Forward Reverse temperature (°C)

adk AAGGBACWCAAGCVCAAT CACTTTTTKYGTMCCGTC 57

aroA TTTACCDGGYTCYAAAAG CTTTYACVCGCCAGTTAT 56

deoD GTGCATTTGCYGATGTTG TGSYGTKGTTTGTTCGTG 60

gdhA YTTAGTTGARCCTGAACG CTTGACCTTCAATYGTGC 57

gépd CHGGYGAYYTMACTYATCG TTTBGCGATBARTTTRTCRGC 56

mdh AAGTTGCWGTWYTAGGTG CCTAATTCAATATCYGCACG 57

poi GCCWGTGYTKGTTGATGG TTGKGCTGGCGCRATRAA 60

Sequencing Reactions

Sequencing was carried out in both directions using the primer pairs shown below. The same
amplification and sequencing primers were used for adk and deoD; new internal forward and
reverse sequencing primers were designed for gépd, gdhA and pgi; the forward amplification
primer and a new internal reverse primer were used for aroA; and the reverse amplification
primer and a new internal forward primer were used for mdh. The most informative regions
of the larger genes were selected for sequencing based on preliminary studies. Sequence
reactions were performed with the ABI Prism™ Big Dye Terminator cycle sequencing kit
(Applied Biosystems) in a GeneAmp PCR System 9700 (Applied Biosystems) thermal cycler
according to the manufacturer’ sinstructions. Each 10 ul sequencing reaction mixture
comprised 4.5 ul DNA template (10-20 ng/ul), 1.5 ul forward or reverse primer (2 pmol/ul)
and 4 ul Terminator reaction mix. The following cycle sequencing parameters were used: 25
cyclesof 10sat 96°C, 5sat 50 °C and 4 min at 60 °C. Sequence analysis was carried out
with an Applied Biosystems 377 DNA Sequencer (University of Glasgow Sequencing
Service). The sequenced regions between the primers were trimmed so that the sequences

were “in frame”. The trimmed sequences varied in length from 514 to 652 bp.

Sequencing primers



Locus Primer sequence (5 to 3') Sequence
Forward Reverse length (bp)
adk AAGGBACWCAAGCVCAAT CACTTTTTKYGTMCCGTC 531
aroA TTTACCDGGYTCYAAAAG TGCATCATCTTAAGGGTG 558
deoD GTGCATTTGCYGATGTTG TGSYGTKGTTTGTTCGTG 576
g6pd GATGCTGCCGATTATGG CAAGACTTTTGCCACTTC 513
gdhA CGCGTTAACCACATTACC CCCTTCAGCCACTAATTG 651
mdh TGTCCAAAAGCTTGTGTG CCTAATTCAATATCYGCACG 552
pgi GTGATTTCTGGTGAATGG GGAAATACGCTGCAAAAC 609

L ocations of primerswithin housekeeping enzyme genes

NB: red highlights PCR amplification/sequencing primers; green highlights internal
sequencing primers; underscore highlights trimmed “in frame” sequences used for database
and concatenation.

adk

ATGAAAATTATCCTATTAGGT GCACCGGGT TATTATGAATAAATTTGGC
ATTCCACAAATTTCAACGGGT GATATGT TGOGT GGT GCAAT CAAAGCAGGGACAGACT TAGGT AAACAAGCAAAA
ACCTTAATGGAT GOGGGT CAATTAGT GCCAGAT GAT TTAATCAT TTCAT TAGT GAAAGAACGT GT TGCACAAGCC
GATTGTGCCAAAGGT TTCTTATTAGACGGCT TCOCACGCACCAT TCCACAAGOGGAT GCAT TAAAAACAGT CGGT
ATCCAAATTGACTACGT TTTAGAGT TTGATGT GCCT GATGAAGT GAT CGTAGAACGTAT GAGT GGT CGCOGT GTA
CACCAAGOCT CAGGT CGTACTTAT CACGT CGT T TACAACCCACCAAAAGT AGAAGGGAAAGAT GACGT GACTGGC
GAAGACT TAAT CATCCGT GOCGAT GATAAACCT GAAACT GTAT TAGAT CGCT TAAAAGT GTATCACT CCACCACG
AAACCAT TAGT GGACT ACTACCAAGCAGAAGCGAAAGCGGGT AACACCAAGT ACT TCCGCT TA SRR
BAAGIEGAAGAAGT GAGT CAAGAAT TAGATACTATTTTAGOGTAA

Sequence length = 533 bp; trimmed length = 531 bp

aroA

GIGATAAAAGATGCGACCGCTATTACTCTCAATCCCATCAGCTATATTGAAGGCGAGGT
TATCCAATCGCGCACTCTTACTTTCCGCATTAGCTAAAGGAAAAACAACATTAACCAATCTGI TAGAT
AGTGATGATGT GCGCCATATGIT TAAAT GCGT TAAAAGAACT TGECGT GACT TATCAACTCTCAGAAGACAAATCC
GICTGTGAAATTGAAGGCTTAGGACGT CCTTTTGAATGECAAAGT GECTTAGCTTTATTTTTGGEECAAT GCAGEG
ACGGECGATGCGT CCCTTGACTGCCGCCCTTTGT TTATCTACACCGAACAAGGAAGECAAAAATGAAATAGICT TG
ACTGCCGAACCT CGTATGAAAGAACGCCCAATACAACAT TTAGT TGATGCATTATGI CAAGCTGGCGCAGAAATT
CAGTATTTAGAACAAGAAGGT TACCCACCT AT CGCCATTCGAAATACCGGACT CAAAGGCGGACGAATACAAATT
GATGGGTCAGITTCTTCTCAATTTTTGACCGCACTTTTAATGECT GCCCCGAT GGCAGAGGCGGATACGGAAATT
GAAATCATCGGTGAGCTGGT TTCCAAACCTTACATTGATAT, CCTTTGECGITGAA
GITGAAAACCAAGCCTATCAACCCTTTTTGGT GAAAGGT CATCAGCAATACCAATCACCACACAGGTTTCTAGTA
GAAGGCGATGCCTCTTCTGCTTCTTATTT TCT TGCCGCGGECAGCAAT CAAGCGAAAAGT AAAAGT CACAGGECGT C
GGTAAAAATAGCATTCAAGCGGATCGT CTGI TTGCGGAT GT GCTAGAAAAAAT GGGGGECGCATATCACT TGEGEEC
GACGATTTTATTCAAGT GGAAAAAGGCAACCT CAAAGGCATCGATATGGATATGAACCATAT TCCCGAT GCGGCA
ATGACCATTGCCACCACAGCGCTTTTTGCAGAAGGT GAAACGGTCATTCGTAATATTT
BAAACT GATCGCT TGACCGCGAT GGCGACCGAACT GCGT AAGGT GBGGGCGGAAGT GGAAGAAGGCGAAGATTTT
ATTCGTATCCAGCCATTGAAT CTGGCGCAAT TTCAACATGCTGAAAT TGAAACATACAAT GATCACCGCATGECG
ATGTCCTTTGCTTTAATCGCATTGI CGCAAACGT CGGTCACGAT TTTAGACCCGAGCT GTACCGCAAAAACGTTT
CCTACGITTTTTGATACTTTTTTACGCTTAACACACGCAGAAAGT TAG

Sequence length = 561 bp; trimmed length = 558 bp



deoD

ATGACT CCACAT ATTAACGCACCT GeCC B SEATIIEEBSANEIE T T T TAAT GOCGGGT GACCCATTACGTGCC
AAAT ACATCGCAGAAACCTTCTTACAAGAT GT GAAAGAAAT CACGAAT GTCOGTAATATGCT TGGGT TCACGGGA
ACCTATAAAGGCOGCAAAAT TTCTGT TATGGGACAT GGTATGGGGAT COCATCT TGT TCGAT TTACACAAAAGAA
TTGATTACGGAATAT GGOGT GAAGAAAAT TATCOGT GT TGGT TCTTGCGGT GCTGT CCGTATGGATGTCAAATTA
CGTGATGTGGT GAT TGGAT T TGGT GOCT GTACCGAT TCCAAAGT CAACCGTAT CCGT TTTAAAAACCATGACTTT
GCTGOGATCGOGGACT T TGACAT GACAAT GGCGGCAGT GCAAGOGGCAAAAGCAAAAGGCT TAAATGT CCATGT T
GGTAACTTATTCTCTGCAGACT TATTCTATACACCAGAT GT GGAAAT GT T TGATGTAAT GGAAAAATATGGCATC
TTAGGTGT TGAAAT GGAAGCT GCGGGAAT T TATGGT GT GGOCGCAGAAT TTGGT GCCAAAGCCT TAACAATCTGT
ACTGTGTCTGAT CACATTCGT ACA DS EAAGANASAABABEA G AGAACGT CAATTAACATTTAATGATATGATT
GAAATCGCATTAGAATCOGT TCTAAT TGGOGATAACGOGTAA

Sequence length = 578 bp; trimmed length = 576 bp

g6pd

ATTGAAGCAGACAACAATTGTATTGTAATTTTTGGT GCAT S EIEAAASIANEE T AAATTGATTCCTGCA
CTGTATAACTTATATAAAATCGGTCGTTTGACTGAGCATTTCTCCGT GT TAGGT GTGGCAAGAACGGAATTAAGT
GAT GAGGGT T TCOGT GAAAAAAT GCGCCAAGCGT TGAT CAAAAGT GAAAAAGCGAAT GGCGAAACACT CGATCAA
TTTTGTAGCCACCTTTATTATCAGGCAT TAAATACCGCCEATIEETEESEATIATEECAAGT TAATTCCTCGTCTT
GATGATTTACATGATAAAT ATCAAACCT GTGGTAACACACT TTACTAT TTATCCACGCCGCCAAGTCTTTATGGT
GTGATTCCAGAATGT CTTGOGGCACAT GGGT TAAATACT GAAGAGT T TGGCT GGAAGCGGT TAAT TGT GGAAAAA
COGTTTGGT TATGATAT COGCACGGCAAAAGAACT CGATAT TCAAAT TCACCGT TTCT TTGATGAACACCAAAT T
TATCGTATTGACCACTATCTTGGTAAAGAAACGGT TCAAAATCTGCTOGT GCTGOGT TTTTCTAATGGATGGT TT
GAACCACTCTGGAACCGTAATT TTATTGAT TATAT TGAAAT CACGGGCGCAGAAT CTATCGGT GTAGAAGAGCGT
GGTGGT TATTACGATGATTCTGGUGCAAT GOGT GATATGT TCCAAAACCAT TTGT TGCAAGT GT TAGCCATGGT T
GOGAT GGAGCCACCGGCAATTAT TAATGCT GACT CAAT GCGT GATGAAGTGEOAARAGICIIIG T AT TGT T TACAT
CCATTAAGTGAGGATGACT TAGAAAAT CATTTAGT CTTAGGGCAATATACGGCAGGCACAGT TGAAGGT GAAGCA
GTTAAGGGCTACT TACAGGAAAAAGGT GTACCGGCAGAGT CTAATACGGAAACT TACATGGCATTACGCTGTGAA
ATTGACAACT GEOGT TGGGCGGGT GTGCCAT TTTATGT GOGTACT GGGAAACGGT TACCAAGT CGAGT GACCGAA
ATTGTGATTCATTTCAAAACCACACCACAT COGGT ATTTAGCCAAAAAGCACCAGAAAACAAAT TAATTATCOGT
ATTCAACCCGATGAAGCGAT TTCGAT GCGT TTTGGT T TGAAAAAACCGGGAGCAGGT TTTGAAGCAAAAGAAGT G
TCGATGGATTTCOGT TATGOGGAT CTTGOCT CACCAAGCT TACTGACCGCT TATGAGCGT TTATTATTGGATTCT
ATGAAAGGOGATGOCACT TTGT TTGCGCGT ACT GATGOGGT ACATGOCT GTTGGCAGT TTGTGGAGCCGATTTTA
CAATAT AAAGCACAAAAT GGGCGT GTTTATGAGT ATGAAGCCGGTACT TGGGGACCGACAGAA BEEEATARATIE
SIEEEEARA/ CGGGT CGT GTTTGGOGT AAACCAAGT GGAT TAATGAAAAAGAAAGT GTAA

Sequence length = 514 bp; trimmed length = 513 bp

gdhA

ATGTCTCAAGTTGCAACATTAGATGOGT TTTTAGAAAGAGT CGCACAACGCGACGGTACGCAACCTGAATTTTTA
CAGGCAGTACGT GAAGTATTTACCT CTATCTGGCCTTTTTTAGAAGCTAACCCAAAATAT CGT TCACAAGCCCTA
CTCGAACCEITIECIISAASEIEAREE ™ GT TAT TCAGT TCCGCGT AGCAT GGACAGAT GATCAAGGT CAAACCCAA
GTTAACCGT GCATTCCGOGT GCAATACAACAGT GCAAT CGGT CCTTTCAAAGGAGGAAT GCGCTTCCATCCTTCT
GTTAATCTTTCCATTTTAAAATTCTTAGGT TTTGAACAAATCTTCAAAAABEOETITAACEACATIAGEAAT GGGG
GGOGGCAAAGGOGGT TCOGATTTTGATCCTAAAGGAAAAT CT GACGGT GAAGT CATGCGT TTCTGOCAAGCTTTA
ATGGCAGAAT TATACOGT CATGT TGGOGOCGATACCGAT GT GCCT GOGGGT GATAT TGGT GTAGGAGGACGT GAA
GTCOGGCTATCTAGCAGGT TATATGAAAAAAT TAT CTAACCAAGCCGCT TGOGT GT TTACCGGT CGTGGCTTGTCA
TTOGGTGGCAGT TTAAT TCGOCCAGAAGCAACCGGT TATGGT CTAGT CTAT TTCGCCCAAGOGATGCTCGCTGAA
AAAGGGCAAAGCT TTGCOGGT AAAACGGT GTCTGI TTCAGGT TOGGGT AACGT GGCGCAATAT GOCATTGAAAAA
GOGCT GCAAT TGGGGGCAAAAGT CGTAACT TGT TCTGACT CATCTGGT TATGT TTATGAT GAAGCOGGT TTCACA
ACAGAAAAAT TGGCT GCAT TAAT GGAAT TGAAAAACGAAAAACGOGGT OGT GT GGAAGAATACGOGAAACAATTC
GGTTTAAAATACGT AGCAGGCAAAACGCCT TGGGAAGT CAAAGT TGATAT TGCACT GCCT TGT GOGACACAAAAC
GAATTAGACTTAGCGT CTGCTAATACCT TAAT TGCCAAT GGCGT ACAATITAGTCECT GAAGEECC T AACAT GCCA




ACTACTATTGAAGCAACAGAT GCCTTTTTAGACGCGGGOGT GCTCT TTGGT COGGGTAAAGCGGOGAAT GCTGGC
GGT GTAGCAACCT CAGGACT AGAAAT GACGCAAAGT TCACAACGT TTATACT GGT CTGOGGAAGAAGT CGATAAA
AAACTCCACAGT ATCAT GTTAGATAT TCACGOGAACT GTAAAAAAT ACC B EIIEAAEEIEARB CCAACATT
AATTATGTCGTTGGT GCAAACGT TGOGGGAT TTGT CAAAGT OGCCGAT GOGAT GT TAGOGCAAGGT GTTTACTAA

Sequence length = 652 bp; trimmed length =651 bp

mdh

ATGANACHI oA SNAEEIB CCGCAGGT GGTAT TGGT CAAGCGT TAGCATTATTATTGAAATTACAATTACCA
GCCGGT TCAGAGT TATCATTATATGATAT TGCCCCCGT GACACCAGGT GT TGCT GCGGATGT CAGCCATATTCCA
ACAGCT GTAAAAGT GCAAGGAT TTGCCGGT GAAGAT CCAACACCT GCAT TACAAGGGGCTGATGTAGTATTAATT
TCTGCAGGT GTTGCACGT AAACCGGGT ATGGAT CGT TCTGATTTATTTAATATTAAT GCCGGTATCGT GCGTAAC
TTAATTGAGAAAGT TGCGCAAGT TG CCARAACEIIGIGIGGCCAT TAT TACTAATCCT GT GAATACGACAGT A
GCAATTGCGGCTGAAGT ATTGAAAAAAGCGGGT GTTTACGATAAGCGT AAATTAT TCGGT GTAACCACATTAGAT
ATTATTCGITCTGAAACCTTTGTATCAGAATTGAAAAAT T TAGAGCCAGCGCGCACGACAGT GCCTGTGATTGGT
GGGCATTCTGGTGTCACCATTCT TCCATTACT TTCTCAAGT CCAAT ACGCAGAGT GGAATGACGCGGAAATTGCA
CCATTAACAAAACGT AT TCAAAAT GCGGGT ACCGAAGT GGT CGAAGCAAAAGCGGGT GGT GGT TCAGCAACGT TA
TCCATGGCACAAGCCGCAGCACGT TTTGCACTTTCTTTAGT TAAAGGCT TAAAT GGGGAAAAT GTAGT TGAATGT
ACTTATGT GGAAGGT GATGGCAAATATGCCCGT TTCTTTGCTCAGCCTGT TCGT TTAGGTAAAGAAGGCGT TGAA
GAAATTCTACCAT TAGGGT CATTGAGT GCAT T TGAACAACATGCATTAGAT GCAATGT TAGAGACAT TA
GAAATTTGT CAATCAATAAATGAAAGT TGCAGT TCTAGGT GCCGCAGGT GGTATTGGT
CAAGCGT TAGCATTATTATTGAAAT TACAAT TACCAGCCGGT TCAGAGT TATCATTATATGATAT TGCCCCCGTG
ACACCAGGT GT TGCTGCGGATGT CAGCCATAT TCCAACAGCT GT AAAAGT GCAAGGAT TTGCCGGT GAAGATCCA
ACACCT GCATTACAAGGGGCTGATGTAGTATTAATTTCTGCAGGT GT TGCACGT AAACCGGGTATGGATCGT TCT
GATTTATTTAATATTAATGCCGGTATCGT GCGTAACTTAATTGAGAAAGT TGCGCAAGT TTGT CCAAAAGCTTGT
GTGGGGATTATTACTAATCCT GTGAATACGACAGT AGCAAT TGCGGCT GAAGT AT TGAAAAAAGCGGGT GTTTAC
GATAAGCGTAAATTATTCGGT GTAACCACATTAGATATTATTCGT TCTGAAACCT TTGTATCAGAATTGAAAAAT
TTAGAGCCAGCGCGCACGACAGT GCCT GTGATTGGT GGGCAT TCTGGT GT CACCAT

Sequence length = 552 bp; trimmed length = 552 bp

pgi

ATGAAAAACAT CAATCCTACAACAACAAACGCGT GGAAAGCCT TACAACAACAT CATAAAACGCAAAGT GCGGTG
ACAATTCAACAACTTTTTGCGCAAGAAAAAGATCGT TTTACGGATTATTCCTTGTCTTTTAACAATGAAGTGTTA
GTGGACTTCTCCAAAAACAAT GT GACAAAAGAAACCT TAGGAT TATTGCGCCAGT TAGCGCAAGAATGTGCATTG
TCTGAGGCAGT GGACGCGAT GT TTAGT GGGGCAAAAAT CAATAAAACGGAAGAT CGCGCCGTATTACATACCGCA
CTTCGTAATCGTTCTAATT GATGTGATGCCAGAAGT GAATGCGGT TTTAGCC
AAAATGAAAGATTTTTGCCATCGT GGTTATACT GGTAAAGCGATTACAGATGTG
GTGAACAT CGGAAT TGGT GGGT CTGAT T TAGGACCT TATATGGTAACAGAAGCCT TACGT CCTTATAAAAATCAT
TTGAATCTACATTTCGTGTCTAACGT AGAT GGT ACACAT AT TGCGGAGACCT TAAAGAAAGT TAATCCAGAAACC
ACGCTATTTTTGGT TGCGT CAAAAACCT T TACCACACAAGAAACT AT GACCAAT GCGCATTCTGCGOGTAATTGG
TTCT TAGCCACGGCAAAAGACGAAAGT CATGT GGCAAAACACT TTGCAGCACT GT CCACAAACAGT AAAGCCGT T
GCTGAATTTGGTATTGATACGAATAATATGT TTGAAT T TTGGGATTGGGTAGGGGGT CGTTATTCATTATGGTCA
GCGATTGGTTTATCTATTGCCCTTTCAATCGGT TTTGAGCATTTTGAAGCGCT TTTAGCGGGT GCACACGAAATG
GATAAACATTTCCGTACT GCCCCAATTGAGCAAAATAT TCCGACCACATTAGCGT TAATTGGT T TGTGGAATACC
AATTTCTTAGGT GCACAAACCGAAGCGAT TCTACCT TATGATCAATAT T TACACCETIITCCACGCCTATIICCAA
CAAGGCAATAT GGAAT CCAAT GGGAAATATGT TGATCGT AATGGCGAAGT GATCGATAACTACCAAACGGGACCA
ATTATTTGGGGCGAACCT GGTACCAATGGT CAACAT GCGT TCTATCAAT TAATTCACCAAGGCACTACCTTGATT
CCTTGTGAT IS CEEERRACEARAA A CCCATAATCCATTAGCGGATCATCATGAAAAATTACTTTCAAACTTC
TTTGCACAAACCGAAGCGT TGGCT TTTGGTAAAACGAAAGAAGAGGT AGAAGCAGAAT TCGT GAAAGCAGGTAAA
TCTTTAGAT GAGGT GAAAGAGGT TGT GCCATTTAAAGT GT TTACGGGAAATAAACCAACCAACTCGATTTTGGTC
CAAAAAATTACACCATTTACTTTAGGT GCTCTCAT TGCAATGTACGAACACAAGAT TTTTGTACAAGGGGTAATG
TTTAATATTTATAGCT TTGACCAAT GGGGCGT TGAGT TGGGCAAACAGCT TGCGAATCGTAT TTTGCCAGAGCTA
GCAAACCGCGAAACAATTACAACT CATGACAGT TCAACTAATGGCTTAATTAACCAATATAAACAAT GGCGT TAA

Sequence length = 613 bp; trimmed length = 609



