
Primers and Protocols for Multi-host P. multocida MLST 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 malate dehydrogenase energy metabolism; TCA cycle

pgi 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 Taq DNA polymerase kit (Boehringer Mannheim) according to

the manufacturer’s instructions. Each 50 l amplification reaction mixture comprised 5.0 l

10x PCR buffer (100 mM Tris-HCl, 15 mM MgCl2, 500 mM KCl, pH 8.3), 4.0 l dNTP

solution (Promega UltraPure dNTP set adjusted to 1.25 mM each dNTP), 4.0 l of each

forward and reverse primer (25 pmol/l), 2 l chromosomal DNA (5-20 ng/l) 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 a final 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 l of sterile, distilled H2O 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

Locus 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

g6pd CHGGYGAYYTMACTYATCG TTTBGCGATBARTTTRTCRGC 56

mdh AAGTTGCWGTWYTAGGTG CCTAATTCAATATCYGCACG 57

pgi 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 g6pd, 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’s instructions. Each 10 l sequencing reaction mixture

comprised 4.5 l DNA template (10-20 ng/l), 1.5 l forward or reverse primer (2 pmol/l)

and 4 l Terminator reaction mix. The following cycle sequencing parameters were used: 25

cycles of 10 s at 96C, 5 s at 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

Locations of primers within 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

ATGAAAATTATCCTATTAGGTGCACCGGGTGCGGGGAAAGGGACACAAGCGCAATTTATTATGAATAAATTTGGC
ATTCCACAAATTTCAACGGGTGATATGTTGCGTGGTGCAATCAAAGCAGGGACAGACTTAGGTAAACAAGCAAAA
ACCTTAATGGATGCGGGTCAATTAGTGCCAGATGATTTAATCATTTCATTAGTGAAAGAACGTGTTGCACAAGCC
GATTGTGCCAAAGGTTTCTTATTAGACGGCTTCCCACGCACCATTCCACAAGCGGATGCATTAAAAACAGTCGGT
ATCCAAATTGACTACGTTTTAGAGTTTGATGTGCCTGATGAAGTGATCGTAGAACGTATGAGTGGTCGCCGTGTA
CACCAAGCCTCAGGTCGTACTTATCACGTCGTTTACAACCCACCAAAAGTAGAAGGGAAAGATGACGTGACTGGC
GAAGACTTAATCATCCGTGCCGATGATAAACCTGAAACTGTATTAGATCGCTTAAAAGTGTATCACTCCACCACG
AAACCATTAGTGGACTACTACCAAGCAGAAGCGAAAGCGGGTAACACCAAGTACTTCCGCTTAGACGGGACGAAA
AAAGTGGAAGAAGTGAGTCAAGAATTAGATACTATTTTAGCGTAA

Sequence length = 533 bp; trimmed length = 531 bp

aroA

GTGATAAAAGATGCGACCGCTATTACTCTCAATCCCATCAGCTATATTGAAGGCGAGGTGCGTTTACCGGGCTCC
AAAAGCTTATCCAATCGCGCACTCTTACTTTCCGCATTAGCTAAAGGAAAAACAACATTAACCAATCTGTTAGAT
AGTGATGATGTGCGCCATATGTTAAATGCGTTAAAAGAACTTGGCGTGACTTATCAACTCTCAGAAGACAAATCC
GTCTGTGAAATTGAAGGCTTAGGACGTGCTTTTGAATGGCAAAGTGGCTTAGCTTTATTTTTGGGCAATGCAGGG
ACGGCGATGCGTCCCTTGACTGCCGCGCTTTGTTTATCTACACCGAACAAGGAAGGCAAAAATGAAATAGTCTTG
ACTGGCGAACCTCGTATGAAAGAACGCCCAATACAACATTTAGTTGATGCATTATGTCAAGCTGGCGCAGAAATT
CAGTATTTAGAACAAGAAGGTTACCCACCTATCGCCATTCGAAATACCGGACTCAAAGGCGGACGAATACAAATT
GATGGGTCAGTTTCTTCTCAATTTTTGACCGCACTTTTAATGGCTGCCCCGATGGCAGAGGCGGATACGGAAATT
GAAATCATCGGTGAGCTGGTTTCCAAACCTTACATTGATATCACCCTTAAGATGATGCAAACCTTTGGCGTTGAA
GTTGAAAACCAAGCCTATCAACGCTTTTTGGTGAAAGGTCATCAGCAATACCAATCACCACACAGGTTTCTAGTA
GAAGGCGATGCCTCTTCTGCTTCTTATTTTCTTGCCGCGGCAGCAATCAAGGGAAAAGTAAAAGTCACAGGCGTC
GGTAAAAATAGCATTCAAGGGGATCGTCTGTTTGCGGATGTGCTAGAAAAAATGGGGGCGCATATCACTTGGGGC
GACGATTTTATTCAAGTGGAAAAAGGCAACCTCAAAGGCATCGATATGGATATGAACCATATTCCCGATGCGGCA
ATGACCATTGCCACCACAGCGCTTTTTGCAGAAGGTGAAACGGTCATTCGTAATATTTATAACTGGCGCGTAAAA
GAAACTGATCGCTTGACCGCGATGGCGACCGAACTGCGTAAGGTGGGGGCGGAAGTGGAAGAAGGCGAAGATTTT
ATTCGTATCCAGCCATTGAATCTGGCGCAATTTCAACATGCTGAAATTGAAACATACAATGATCACCGCATGGCG
ATGTGCTTTGCTTTAATCGCATTGTCGCAAACGTCGGTCACGATTTTAGACCCGAGCTGTACCGCAAAAACGTTT
CCTACGTTTTTTGATACTTTTTTACGCTTAACACACGCAGAAAGTTAG

Sequence length = 561 bp; trimmed length = 558 bp



deoD

ATGACTCCACATATTAACGCACCTGCCGGTGCATTTGCCGATGTTGTTTTAATGCCGGGTGACCCATTACGTGCC
AAATACATCGCAGAAACCTTCTTACAAGATGTGAAAGAAATCACGAATGTCCGTAATATGCTTGGGTTCACGGGA
ACCTATAAAGGCCGCAAAATTTCTGTTATGGGACATGGTATGGGGATCCCATCTTGTTCGATTTACACAAAAGAA
TTGATTACGGAATATGGCGTGAAGAAAATTATCCGTGTTGGTTCTTGCGGTGCTGTCCGTATGGATGTCAAATTA
CGTGATGTGGTGATTGGATTTGGTGCCTGTACCGATTCCAAAGTCAACCGTATCCGTTTTAAAAACCATGACTTT
GCTGCGATCGCGGACTTTGACATGACAATGGCGGCAGTGCAAGCGGCAAAAGCAAAAGGCTTAAATGTCCATGTT
GGTAACTTATTCTCTGCAGACTTATTCTATACACCAGATGTGGAAATGTTTGATGTAATGGAAAAATATGGCATC
TTAGGTGTTGAAATGGAAGCTGCGGGAATTTATGGTGTGGCCGCAGAATTTGGTGCCAAAGCCTTAACAATCTGT
ACTGTGTCTGATCACATTCGTACACACGAACAAACAACACCAGAAGAACGTCAATTAACATTTAATGATATGATT
GAAATCGCATTAGAATCCGTTCTAATTGGCGATAACGCGTAA

Sequence length = 578 bp; trimmed length = 576 bp

g6pd

ATTGAAGCAGACAACAATTGTATTGTAATTTTTGGTGCATCAGGTGATTTAACTTATCGTAAATTGATTCCTGCA
CTGTATAACTTATATAAAATCGGTCGTTTGACTGAGCATTTCTCCGTGTTAGGTGTGGCAAGAACGGAATTAAGT
GATGAGGGTTTCCGTGAAAAAATGCGCCAAGCGTTGATCAAAAGTGAAAAAGCGAATGGCGAAACACTCGATCAA
TTTTGTAGCCACCTTTATTATCAGGCATTAAATACCGCGGATGCTGCCGATTATGGCAAGTTAATTCCTCGTCTT
GATGATTTACATGATAAATATCAAACCTGTGGTAACACACTTTACTATTTATCCACGCCGCCAAGTCTTTATGGT
GTGATTCCAGAATGTCTTGCGGCACATGGGTTAAATACTGAAGAGTTTGGCTGGAAGCGGTTAATTGTGGAAAAA
CCGTTTGGTTATGATATCCGCACGGCAAAAGAACTCGATATTCAAATTCACCGTTTCTTTGATGAACACCAAATT
TATCGTATTGACCACTATCTTGGTAAAGAAACGGTTCAAAATCTGCTCGTGCTGCGTTTTTCTAATGGATGGTTT
GAACCACTCTGGAACCGTAATTTTATTGATTATATTGAAATCACGGGCGCAGAATCTATCGGTGTAGAAGAGCGT
GGTGGTTATTACGATGATTCTGGCGCAATGCGTGATATGTTCCAAAACCATTTGTTGCAAGTGTTAGCCATGGTT
GCGATGGAGCCACCGGCAATTATTAATGCTGACTCAATGCGTGATGAAGTGGCAAAAGTCTTGTATTGTTTACAT
CCATTAAGTGAGGATGACTTAGAAAATCATTTAGTCTTAGGGCAATATACGGCAGGCACAGTTGAAGGTGAAGCA
GTTAAGGGCTACTTACAGGAAAAAGGTGTACCGGCAGAGTCTAATACGGAAACTTACATGGCATTACGCTGTGAA
ATTGACAACTGGCGTTGGGCGGGTGTGCCATTTTATGTGCGTACTGGGAAACGGTTACCAAGTCGAGTGACCGAA
ATTGTGATTCATTTCAAAACCACACCACATCCGGTATTTAGCCAAAAAGCACCAGAAAACAAATTAATTATCCGT
ATTCAACCCGATGAAGCGATTTCGATGCGTTTTGGTTTGAAAAAACCGGGAGCAGGTTTTGAAGCAAAAGAAGTG
TCGATGGATTTCCGTTATGCGGATCTTGCCTCACCAAGCTTACTGACCGCTTATGAGCGTTTATTATTGGATTCT
ATGAAAGGCGATGCCACTTTGTTTGCGCGTACTGATGCGGTACATGCCTGTTGGCAGTTTGTGGAGCCGATTTTA
CAATATAAAGCACAAAATGGGCGTGTTTATGAGTATGAAGCCGGTACTTGGGGACCGACAGAAGCCGACAAACTG
ATCGCGAAAACGGGTCGTGTTTGGCGTAAACCAAGTGGATTAATGAAAAAGAAAGTGTAA

Sequence length = 514 bp; trimmed length = 513 bp

gdhA

ATGTCTCAAGTTGCAACATTAGATGCGTTTTTAGAAAGAGTCGCACAACGCGACGGTACGCAACCTGAATTTTTA
CAGGCAGTACGTGAAGTATTTACCTCTATCTGGCCTTTTTTAGAAGCTAACCCAAAATATCGTTCACAAGCCCTA
CTCGAACGCTTAGTTGAACCTGAACGTGTTATTCAGTTCCGCGTAGCATGGACAGATGATCAAGGTCAAACCCAA
GTTAACCGTGCATTCCGCGTGCAATACAACAGTGCAATCGGTCCTTTCAAAGGAGGAATGCGCTTCCATCCTTCT
GTTAATCTTTCCATTTTAAAATTCTTAGGTTTTGAACAAATCTTCAAAAACGCGTTAACCACATTACCAATGGGG
GGCGGCAAAGGCGGTTCCGATTTTGATCCTAAAGGAAAATCTGACGGTGAAGTCATGCGTTTCTGCCAAGCTTTA
ATGGCAGAATTATACCGTCATGTTGGCGCCGATACCGATGTGCCTGCGGGTGATATTGGTGTAGGAGGACGTGAA
GTCGGCTATCTAGCAGGTTATATGAAAAAATTATCTAACCAAGCCGCTTGCGTGTTTACCGGTCGTGGCTTGTCA
TTCGGTGGCAGTTTAATTCGCCCAGAAGCAACCGGTTATGGTCTAGTCTATTTCGCCCAAGCGATGCTCGCTGAA
AAAGGGCAAAGCTTTGCCGGTAAAACGGTGTCTGTTTCAGGTTCGGGTAACGTGGCGCAATATGCCATTGAAAAA
GCGCTGCAATTGGGGGCAAAAGTCGTAACTTGTTCTGACTCATCTGGTTATGTTTATGATGAAGCCGGTTTCACA
ACAGAAAAATTGGCTGCATTAATGGAATTGAAAAACGAAAAACGCGGTCGTGTGGAAGAATACGCGAAACAATTC
GGTTTAAAATACGTAGCAGGCAAAACGCCTTGGGAAGTCAAAGTTGATATTGCACTGCCTTGTGCGACACAAAAC
GAATTAGACTTAGCGTCTGCTAATACCTTAATTGCCAATGGCGTACAATTAGTGGCTGAAGGGGCTAACATGCCA



ACTACTATTGAAGCAACAGATGCCTTTTTAGACGCGGGCGTGCTCTTTGGTCCGGGTAAAGCGGCGAATGCTGGC
GGTGTAGCAACCTCAGGACTAGAAATGACGCAAAGTTCACAACGTTTATACTGGTCTGCGGAAGAAGTCGATAAA
AAACTCCACAGTATCATGTTAGATATTCACGCGAACTGTAAAAAATACGGCACGATTGAAGGTCAAGCCAACATT
AATTATGTCGTTGGTGCAAACGTTGCGGGATTTGTCAAAGTCGCCGATGCGATGTTAGCGCAAGGTGTTTACTAA

Sequence length = 652 bp; trimmed length =651 bp

mdh

ATGAAAGTTGCAGTTCTAGGTGCCGCAGGTGGTATTGGTCAAGCGTTAGCATTATTATTGAAATTACAATTACCA
GCCGGTTCAGAGTTATCATTATATGATATTGCCCCCGTGACACCAGGTGTTGCTGCGGATGTCAGCCATATTCCA
ACAGCTGTAAAAGTGCAAGGATTTGCCGGTGAAGATCCAACACCTGCATTACAAGGGGCTGATGTAGTATTAATT
TCTGCAGGTGTTGCACGTAAACCGGGTATGGATCGTTCTGATTTATTTAATATTAATGCCGGTATCGTGCGTAAC
TTAATTGAGAAAGTTGCGCAAGTTTGTCCAAAAGCTTGTGTGGGGATTATTACTAATCCTGTGAATACGACAGTA
GCAATTGCGGCTGAAGTATTGAAAAAAGCGGGTGTTTACGATAAGCGTAAATTATTCGGTGTAACCACATTAGAT
ATTATTCGTTCTGAAACCTTTGTATCAGAATTGAAAAATTTAGAGCCAGCGCGCACGACAGTGCCTGTGATTGGT
GGGCATTCTGGTGTCACCATTCTTCCATTACTTTCTCAAGTCCAATACGCAGAGTGGAATGACGCGGAAATTGCA
CCATTAACAAAACGTATTCAAAATGCGGGTACCGAAGTGGTCGAAGCAAAAGCGGGTGGTGGTTCAGCAACGTTA
TCCATGGCACAAGCCGCAGCACGTTTTGCACTTTCTTTAGTTAAAGGCTTAAATGGGGAAAATGTAGTTGAATGT
ACTTATGTGGAAGGTGATGGCAAATATGCCCGTTTCTTTGCTCAGCCTGTTCGTTTAGGTAAAGAAGGCGTTGAA
GAAATTCTACCATTAGGGTCATTGAGTGCATTTGAACAACATGCATTAGATGCAATGTTAGAGACATTACGTGCG
GATATTGAATTAGGCGAGAAATTTGTCAATCAATAAATGAAAGTTGCAGTTCTAGGTGCCGCAGGTGGTATTGGT
CAAGCGTTAGCATTATTATTGAAATTACAATTACCAGCCGGTTCAGAGTTATCATTATATGATATTGCCCCCGTG
ACACCAGGTGTTGCTGCGGATGTCAGCCATATTCCAACAGCTGTAAAAGTGCAAGGATTTGCCGGTGAAGATCCA
ACACCTGCATTACAAGGGGCTGATGTAGTATTAATTTCTGCAGGTGTTGCACGTAAACCGGGTATGGATCGTTCT
GATTTATTTAATATTAATGCCGGTATCGTGCGTAACTTAATTGAGAAAGTTGCGCAAGTTTGTCCAAAAGCTTGT
GTGGGGATTATTACTAATCCTGTGAATACGACAGTAGCAATTGCGGCTGAAGTATTGAAAAAAGCGGGTGTTTAC
GATAAGCGTAAATTATTCGGTGTAACCACATTAGATATTATTCGTTCTGAAACCTTTGTATCAGAATTGAAAAAT
TTAGAGCCAGCGCGCACGACAGTGCCTGTGATTGGTGGGCATTCTGGTGTCACCAT

Sequence length = 552 bp; trimmed length = 552 bp

pgi

ATGAAAAACATCAATCCTACAACAACAAACGCGTGGAAAGCCTTACAACAACATCATAAAACGCAAAGTGCGGTG
ACAATTCAACAACTTTTTGCGCAAGAAAAAGATCGTTTTACGGATTATTCCTTGTCTTTTAACAATGAAGTGTTA
GTGGACTTCTCCAAAAACAATGTGACAAAAGAAACCTTAGGATTATTGCGCCAGTTAGCGCAAGAATGTGCATTG
TCTGAGGCAGTGGACGCGATGTTTAGTGGGGCAAAAATCAATAAAACGGAAGATCGCGCCGTATTACATACCGCA
CTTCGTAATCGTTCTAATTCGCCTGTGTTGGTTGATGGGAAAGATGTGATGCCAGAAGTGAATGCGGTTTTAGCC
AAAATGAAAGATTTTTGCCATCGTGTGATTTCTGGTGAATGGAAAGGTTATACTGGTAAAGCGATTACAGATGTG
GTGAACATCGGAATTGGTGGGTCTGATTTAGGACCTTATATGGTAACAGAAGCCTTACGTCCTTATAAAAATCAT
TTGAATCTACATTTCGTGTCTAACGTAGATGGTACACATATTGCGGAGACCTTAAAGAAAGTTAATCCAGAAACC
ACGCTATTTTTGGTTGCGTCAAAAACCTTTACCACACAAGAAACTATGACCAATGCGCATTCTGCGCGTAATTGG
TTCTTAGCCACGGCAAAAGACGAAAGTCATGTGGCAAAACACTTTGCAGCACTGTCCACAAACAGTAAAGCCGTT
GCTGAATTTGGTATTGATACGAATAATATGTTTGAATTTTGGGATTGGGTAGGGGGTCGTTATTCATTATGGTCA
GCGATTGGTTTATCTATTGCCCTTTCAATCGGTTTTGAGCATTTTGAAGCGCTTTTAGCGGGTGCACACGAAATG
GATAAACATTTCCGTACTGCCCCAATTGAGCAAAATATTCCGACCACATTAGCGTTAATTGGTTTGTGGAATACC
AATTTCTTAGGTGCACAAACCGAAGCGATTCTACCTTATGATCAATATTTACACCGTTTTGCAGCGTATTTCCAA
CAAGGCAATATGGAATCCAATGGGAAATATGTTGATCGTAATGGCGAAGTGATCGATAACTACCAAACGGGACCA
ATTATTTGGGGCGAACCTGGTACCAATGGTCAACATGCGTTCTATCAATTAATTCACCAAGGCACTACCTTGATT
CCTTGTGATTTCATCGCGCCAGCACAAACCCATAATCCATTAGCGGATCATCATGAAAAATTACTTTCAAACTTC
TTTGCACAAACCGAAGCGTTGGCTTTTGGTAAAACGAAAGAAGAGGTAGAAGCAGAATTCGTGAAAGCAGGTAAA
TCTTTAGATGAGGTGAAAGAGGTTGTGCCATTTAAAGTGTTTACGGGAAATAAACCAACCAACTCGATTTTGGTC
CAAAAAATTACACCATTTACTTTAGGTGCTCTCATTGCAATGTACGAACACAAGATTTTTGTACAAGGGGTAATG
TTTAATATTTATAGCTTTGACCAATGGGGCGTTGAGTTGGGCAAACAGCTTGCGAATCGTATTTTGCCAGAGCTA
GCAAACCGCGAAACAATTACAACTCATGACAGTTCAACTAATGGCTTAATTAACCAATATAAACAATGGCGTTAA

Sequence length = 613 bp; trimmed length = 609


