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Zymomonas mobilis is an alphaproteobacterium studied for bioethanol production. Different strains of this
organism have been hitherto sequenced; they all belong to the Z. mobilis subsp. mobilis taxon. Here we report
the finished and annotated genome sequence of strain ATCC 29192, a cider-spoiling agent isolated in the
United Kingdom. ATCC 29192 is the lectotype of the second-best-characterized subspecies of Z. mobilis, Z.
mobilis subsp. pomaceae. The nucleotide sequence of ATCC 29192 deviates from that of Z. mobilis subsp. mobilis
representatives, which justifies its distinct taxonomic positioning and proves particularly useful for compar-
ative and functional genomic analyses.

Zymomonas mobilis is a bacterium highly promising for bio-
ethanol production. The most robust Z. mobilis strains are
ATCC 31821 variants—Brazilian strains ZM4 and CP4—that
convert glucose to ethanol and carbon dioxide to almost the-
oretical yields (5, 17) and, wild-type or engineered, are in-
volved in applications. These strains belong to the Z. mobilis
subsp. mobilis taxon, and, along with other members of the
subspecies—i.e., ATCC 10988 and NCIMB 11163—they have
been sequenced to completion (12, 16, 19, 22). ATCC 29192 is
the type strain of the Z. mobilis subsp. pomaceae taxon—
formerly called Z. anaerobia (4)—which is the second-best
known for the organism. ATCC 29192 was isolated in Bristol,
United Kingdom, as a cider sickness-causing organism and,
together with other members of its group, is known to exhibit
distinct traits compared to its Z. mobilis subsp. mobilis coun-
terparts—low oxygen tolerance, increased nutritional require-
ments, inability to utilize sucrose, low DNA hybridization re-
latedness, and deviant proteome electropherograms (20).

Total DNA and plasmid DNA from ATCC 29192 were pre-
pared separately (15) and used for whole-genome shotgun
sequencing at the US DOE Joint Genome Institute, via a
9.7-kb library construction (2 kb for the plasmid sample). Draft
assemblies were based on 17,196 reads (9.4-fold coverage) and
made use of the Phred/Phrap/Consed package (6, 7, 9). Mis-
assemblies were corrected with Dupfinisher (10) or transposon
bombing of bridging clones. Gaps were closed by editing in
Consed, primer walks, and PCR amplifications. The completed
sequence contains 19,257 reads, achieving a 9.5-fold and 4.9-
fold coverage per base for the chromosome and plasmids,
respectively (less than 1 in 100,000 errors).

Open reading frame (ORF) prediction made use of Prodigal

(http://compbio.ornl.gov/prodigal/) and BLAST (1); tRNA and
rRNA recognition made use of tRNAscan-SE and RNAmmer
(13, 14). For functional gene assignment, translated ORFs
were compared to those of the SPTR (TrEMBL) (2), Pfam (8),
TIGRFAMs (18), COG (21), and KEGG (11) databases.

ATCC 29192 contains a 1,989,865-bp circular chromosome
and two plasmids, p29192_1 and p29192_2, of 37,387 and
34,161 bp, respectively, with GC contents of 44.09%, 40.96%,
and 44.00%, correspondingly. It has 1,777 protein-coding
genes and 51 tRNA and 9 rRNA genes (3 rRNA clusters),
chromosomally located. The chromosome of ATCC 29192 is
66,498 bp smaller than that of ATCC 31821 (ZM4) (22) and
shares an average of 73% nucleotide identity.

Chromosomal structure comparisons between ATCC 29192
and ZM4 were performed using ACT (3), BLASTN (1), and
MegaBLAST (23). Synteny is retained for the largest part, except
for three regions bearing least resemblance to ZM4 (coordinates
1122645 to 1131366, 1241177 to 1312137, and 1508142 to
1523712). These include a Fe-only nitrogenase operon, reductase
genes, electron transport complex genes, and a molybdenum
ABC transporter operon, providing evidence for functional dif-
ferences between the two strains. Based on ACT, 138 genes were
unique for ATCC 29192, whereas for ZM4, 292 genes were
unique. In plasmids, replication and stabilization genes were rec-
ognized, as well as genes involved in transport, regulation, trans-
position, and DNA modification. p29192_1 carries a CRISPR
repeat region, while p29192_2 notably harbors a gene coding for
a zinc-binding alcohol dehydrogenase, which hints to the impor-
tance of extrachromosomal DNA in this organism.

Nucleotide sequence accession numbers. The ATCC 29192
genome received GenBank accession numbers CP002865,
CP002866, and CP002867 for the chromosome and two plas-
mids, in order of size.
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