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This report describes the genome sequences of Mannheimia haemolytica serotype A2 isolated from pneumonic

lungs of two different ruminant species, one from Ovis aries, designated ovine (O), and the other from Bos
taurus, designated bovine (B).

Mannheimia haemolytica is a Gram-negative weakly hemo- ity filtered reads were assembled into contigs by using the
lytic coccobacillus and is the principal bacterial pathogen of Newbler assembler (454 Life Sciences) and produced 82 large
respiratory disease in cattle and other domestic and wild ru- contigs (defined as >500 bp) for Bos taurus (bovine [B]) and 14
minants (15, 1, 14). M. haemolytica is a commensal found inthe  large contigs for Ovis aries (ovine [O]). The total number of

upper respiratory tract of healthy ruminants (6), but in con-  base pairs in large contigs was 2,478,004 for B and 2,584,200
junction with certain viral infections and stress factors, this for O, which is in agreement with the published size of the M.

organism multiplies, reaches the lungs, and causes acute fi- haemolytica Al genome.
brinonecrotic pleuropneumonia (16). This disease is com- Contigs were aligned to the genome of serotype Al by using
monly known as shipping fever in cattle and costs more than $1  in-house software. Automated annotation was performed us-

billion annually in economic losses to the U.S. cattle industry ing a protocol similar to the annotation engine service at The
alone (2). M. haemolytica produces several virulence factors Institute for Genomic Research (J. Craig Venter Institute)
(3), including leukotoxin (Lkt). Lkt is a member of the RTX  yith some in-house modifications. The protein-coding regions
(repeats-in-toxin) family of pore-forming exotoxins pro-  yere identified using Glimmer3 (5). BLAST Extend-Repraze
duced by bacteria, including Actinobacillus actinomycetem- was applied to predicted genes to identify truncations due to
comitans (11), Actinobacillus pleuropneumoniae, (6) and  frameshift mutations or premature stop codons. tRNA and
Escherichia coli (18). ) rRNA genes were identified by using tRNAScan-SE (13), and

Of 'the 1'2 different serotypes of M. haemolytica that have a similarity search was performed using our in-house database.
been 1@ent1ﬁed, serotypes Al and A2 are.the most prevalen.t We identified 3,818 protein-coding regions (64% G-+C), which
worldwide (10, 19). These serotypes colonize the upper respi- is approximately 1,000 more than in the M. haemolytica Al
ratory tract of healthy cattle and sheep and are generally (but genome. Homologé between coding regions in Al and the two

not ?Xd;lgwlegm spemtes szilgc n their abl.ltl)tly ;O cause pneu- A2 strains share 95 to 99% nucleotide identity. Coding regions
monia (10, 19)—serotype CINg Tesponsibic for pneumonta were annotated using BLASTP (http://blast.ncbi.nlm.nih.gov)

in cattle and serotype A2 b'emg respon51bl§ for pneumonia in with a stringency of 80% identity over 90% lengths. This re-
sheep. The molecular basis for differential susceptibility of . . . .
sulted in fewer genes with assigned function compared to Al

sheep and cattle to serotypes Al and A2 has not been eluci- . . .
dateg. The genome of M}./phaemoly fica serotype Al has been (1,966). The numbers of genes with ass1gned function were
sequenced (9), and the availability of the genome sequence of ]13’619 I(B) and 1’717_ ©) fWIEh 173 lglegles Zniguleg/tofo 2]13nd 5d7(t)0
serotype A2 will facilitate the genomic and proteomic analysis : a.rgel propgrtlon ((j) phage (9 1‘7 an 49 3 Cyo for B and O’
aimed at elucidating the molecular basis for differential species respecqve y) and pseu Ogen?s (, -17/0 and .57 lor b an >
susceptibility. The A2 genomic sequence will provide for the .respectlvely) were found, indicating the presence of pathogenic
potential identification of additional virulence factors involved islands conducive for lateral gene transfer (for B, COK_0537-
in host specificity. COK_0547 and COK_1260-COK_1276; and for O, COI_0076-
COI_0079 and COI_1005-COI_1045). In contrast with strain

High-throughput sequencing was performed via 454 pyrose- - 5 ' :
quencing (12) with an average read length of 300 nucleotides, Al, both A2 strains have all secondary metabolism biosynthesis

resulting in approximately 20X coverage for each strain. Qual- and transport and catabolism pathways, including leukotoxin
and fatty acyl coenzyme A (CoA) needed for toxin activation.

The first 35 amino acids of the chief virulence factor (Lkt),

* C&§r€5%9nlding alcllﬂi’or'hl\;[ai]in%V adl(li'reSS: Dsepartrlnjer_lt of Veft,eﬁ' which is involved in pore formation (4, 7), are 100% identical
nary Microbiology and Pathology, Washington State University, Pull- . .
man, WA 99164-7040. Phone: (309) 335-4572. Fax: (509) 335.8520.  in O and B. However, LktA of serotype Al has 51% amino
E-mail: ssrikumaran@vetmed.wsu.edu. acid substitution in this region but shares 98% overall identity

¥ Published ahead of print on 4 December 2009. with O and 88% with B, respectively. The host colonization en-
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zyme O-sialoglycoprotein endopeptidase, outer membrane li-
poprotein precursor, N-acetyl-hexosamine, dUTP diphosphatase
heptosyl transferase, and UDP-glucose 4-epimerase share 98 to
100% identity in all three strains. These are key enzymes in-
volved in lipopolysaccharide (LPS) modification and complex
carbohydrate synthesis potentially involved in host cell recog-
nition. We discovered evidence of type III or IV secretion
systems in B and O genomes by using a novel computational
method (17), which demonstrated homology with conjugal
DNA-protein, transfer VirB and pilin (Pilc). However, there is
currently no experimental evidence that M. haemolytica pos-
sesses systems to chaperone these effector proteins. Collec-
tively, the genomes of B and O are largely in synteny with Al,
even though we identified large-scale inversions and rearrange-
ments that will be subsequently confirmed by optical mapping
and primer walking.

The availability of three M. haemolytica genome se-
quences will enable a more thorough genome-wide compar-
ison across pathogenic bacteria, especially among RTX toxin-
secreting species, and, in conjunction with proteomics, will
further enable the design of subunit vaccines.

Sequence accession numbers. The complete genome se-
quences of Mannheimia haemolytica serotype A2 were deposited
into the GenBank database and assigned accession numbers
ACZX01000000 (O) and ACZY01000003 (B).

We are grateful to Roche Applied Science for funding this sequenc-
ing project.

We also thank William Foreyt, Washington State University, and
Anthony Confer, Oklahoma State University, for providing us with M.
haemolytica serotype A2 isolates from domestic sheep and cattle, re-
spectively.
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