JOURNAL OF BACTERIOLOGY, July 2010, p. 3551-3552
0021-9193/10/$12.00  doi:10.1128/JB.00340-10

Vol. 192, No. 13

Copyright © 2010, American Society for Microbiology. All Rights Reserved.

Complete Genome Sequences of Yersinia pestis from Natural Foci in China”

Xiaona Shen,' Qi Wang,” Lianxu Xia,' Xiaoyu Zhu,' Zhikai Zhang,' Ying Liang," Hong Cai,"
Enmin Zhang,' Jianchun Wei,' Chen Chen,' Zhizhong Song,> Hongtao Zhang,*
Dongzheng Yu,'*+ and Rong Hai'*f

State Key Laboratory for Infectious Disease Prevention and Control, National Institute for Communicable Disease Control and
Prevention, Chinese Center for Disease Control and Prevention, Beijing 102206, China'; Beijing Institute of Genomics,
Chinese Academy of Sciences, Beijing 101300, China®; Yunnan Institute for Endemic Disease Control and
Prevention, Dali 650032, China®; and Lijiang Center for Disease Control and
Prevention, Lijiang, 674100, China*

Received 25 March 2010/Accepted 16 April 2010

Yersinia pestis, the causative agent of plague, is a deadly bacterium that affects humans. Strain D106004 was
isolated from a new plague focus in Yulong County, China, in 2006. To gain insights into the epidemic origin,
we have sequenced the genomes of D106004 and strains Z176003 and D182038, isolated from neighboring

regions.

This article describes genomic comparisons between three
respective Yersinia pestis strains isolated from new natural
plague foci in China. Y. pestis strain D106004 was isolated from
Apodemus chevrieri in Yulong County in 2006, and its genome
was compared to those of strain D182038 (isolated from A.
chevrieri in 1982 from Jianchuan County) and strain Z176003
(isolated from Marmota himalayana in 1976 in Naqu [Tibet]
County).

Between 25 October 2005 and 2 November 2005, there was
an outbreak of pneumonic plague in Yulong, which was iden-
tified as a new natural plague focus (13). The primary Y. pestis
reservoirs associated with this outbreak were A. chevrieri,
Eothenmys miletus, and Apodemus latronum, and the primary
vectors associated with plague transmission were also identi-
fied as similar to what was observed in neighboring Jianchuan
County (7). However, the Y. pestis strain identified metabolized
maltose significantly differently than the previously described
strains (6).

Whole-genome shotgun and solexa methods were used, as
previously described (3), to compare the Y. pestis D106004,
D182038, and Z176003 sequences, which consisted of 475, 385,
and 413 contigs, respectively, resulting in an average 9-fold
coverage across the genomes. All isolates examined possessed
a single circular chromosome with the three virulence plasmids
(pMT, pCD, and pPCP) associated with classical Y. pestis
strains. Automated gene modeling was carried out using the
Glimmer3 software program (11) in addition to comparing the
respective gene products using the Nt, Nr, KEGG, Swissprot,
and COG databases using the basic local alignment search tool
for proteins (BLASTP). Open reading frames (ORFs) in the
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respective 4,626,944-bp, 4,640,720-bp, and 4,553,586-bp ge-
nomes of strains D182038, D106004, and Z176003 were pre-
dicted to be of 3,642, 3,636, 3,543, and more than 300 bp in
length. Strains D182038, D106004, and Z176003 each had six
rRNA (16S-23S-5S) genes and 73 (D182038), 70 (D106004), or
68 (Z176003) tRNA genes predicted by the tRNAScan-SE
server (9).

Comparison of Y. pestis strains 91001 and KIM to Y. pestis
strain CO92 identified genetic rearrangements (5, 10, 12) re-
sulting from insertion sequences (2), and pulsed-field gel elec-
trophoresis (PFGE) profile comparisons between D182038
and D106004 suggested that genomic variability of the Y. pestis
strains from different foci was caused by genome rearrange-
ment (16). According to our analyses, the Y. pestis strains
isolated from the two foci have very different syntenic struc-
tures due to rearrangement, but they share high similarity
between plates (8). In addition, a unique multiple-locus vari-
able-number tandem repeat analysis (MLVA) type was de-
fined for the strains isolated from Yulong, indicating a new
clonal group. These results also suggested that the Yulong
strains were closely related to the strains from the Qinghai-
Tibet Plateau plague foci (15). Analysis of Y. pestis micro-
evolution has been made possible by comparing single-
nucleotide polymorphism (SNP) profiles as previously
described (1, 4, 14).

The availability of high-quality sequences is crucial in order
to resolve the origins of the new strains isolated from natural
plague foci.

Nucleotide sequence accession numbers. The complete ge-
nome sequences of Y. pestis strains D182038, D106004, and
7176003 were deposited in GenBank as follows: for D182038,
accession no. CP001589 to CP001592; for D106004, accession
no. CP001585 to CP001588; for Z176003, accession no.
CP001593 to CP001596.
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