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We report the genome sequence of Vibrio cholerae strain IEC224, which fails to ferment sucrose. It was isolated from a cholera
outbreak in the Amazon. The defective sucrose phenotype was determined to be due to a frameshift mutation, and a molecular
marker of the Latin American main epidemic lineage was identified.

The Vibrio cholerae O1 strain IEC224 fails to ferment sucrose on
thiosulfate-citrate-bile salt-sucrose (TCBS) agar. It was iso-

lated from a patient’s stool specimen in November 1994 at the city
of Belém, Brazil, in the context of the Amazon cholera epidemic
that occurred in the 1990s. Cholera was introduced in Brazil
through the state of Amazonas and spread quickly following the
riverine travel routes. This epidemic was driven by an El Tor lin-
eage that caused approximately 169,000 cholera cases between
1991 and 2001 (6). During this main epidemic, a local outbreak
was caused by an El Tor strain that failed to ferment sucrose on
TCBS agar (4). This variant accounted for the majority of late
cholera cases in the Amazon (80.4%) (4). Sequencing provided
the opportunity to elucidate the genetic background responsible
for its altered sucrose metabolic pathway.

Genomic DNA was extracted by a previously described
method (5). The whole-genome sequence was achieved in a hy-
brid sequencing strategy using the GS FLX 454 (Roche, Applied
Science) platform, combined with the SOLiD 3 Plus platform (Life
Technologies). The data generated by the GS FLX 454 yielded a
total of 319,825 reads (125 Mb) with a coverage of 30.5�, which
formed 92 contigs. The SOLiD 3 Plus data yielded a total of 23
million short reads (1.1 Gb) with a genome coverage of 268�. The
reads were ordered against the N16961 reference sequence (2),
and the merging of both strategies resulted in a closed genome of
two scaffolds, corresponding to chromosomes I and II. The final
genome was annotated using the RAST pipeline to identify or-
thologous genes and predict gene functions (1). The annotated
genome was manually curated using the V. cholerae Genome
BLAST as a parameter.

The sequence of the IEC224 strain comprises two circular
chromosomes, in which chromosome I contains 3,007,450 bp,
while chromosome II contains 1,072,136 bp. The overall GC con-
tent is of 47.5%. There are 3,901 predicted CDS, of which 2,989
had a homologous function predicted, and 900 were annotated as
hypothetical proteins. The strain’s genome contained 98 tRNA
genes and 25 rRNA genes.

For analysis, we used the complete genome of the N16961
strain (2) and INDRE 91/1—a genomic draft from a Mexican
epidemic strain. In the IEC224 genome, we found a frameshift
mutation on the gene encoding the phosphotransferase system

(PTS) sucrose-specific IIB component. This mutation truncates
the protein structure, accounting for the defective sucrose-fer-
menting phenotype. Furthermore, we found an altered Vibrio sev-
enth pandemic island II (VSP-II) region like that in the already
described alleles of Latin American strains (3) and a 49.2-kb bac-
teriophage that proved to be a molecular marker of the main Latin
American epidemic lineage.

Nucleotide sequence accession numbers. The sucrose-non-
fermenting strain of Vibrio cholerae O1 (IEC224) has been depos-
ited in the Bacterial Collection of the Evandro Chagas Institute
(Ananindeua-Pará, Brazil). The results of the whole-genome proj-
ect have been deposited in GenBank under accession no.
CP003330 and CP003331, respectively, for chromosomes I and II.
The version described in this paper is the first version.

ACKNOWLEDGMENT

This work was sponsored by the Evandro Chagas Institute (www.iec.pa
.gov.br).

REFERENCES
1. Aziz RK, et al. 2008. The RAST server: rapid annotation using subsystems

technology. BMC Genomics 9:75.
2. Heidelberg JF, et al. 2000. DNA sequence of both chromosomes of the

cholera pathogen Vibrio cholerae. Nature 406:477– 483.
3. Nusrin S, et al. 2009. Peruvian Vibrio cholerae O1 strains possess a distinct

region in the Vibrio seventh pandemic island-II that differentiates them
from the prototype seventh pandemic El Tor strains. J. Med. Microbiol.
58:342–354.

4. Ramos FLP, et al. 1997. Cholera in north Brazil: on the occurrence of
strains of Vibrio cholerae O1 which fail to ferment sucrose during routine
plating on thiosulphate-citrate-bile salt-sucrose agar (TCBS). A new prob-
lem in diagnosis and control? Latin Am. Microbiol. 39:141–144.

5. Sambrook J, Russell DW. 2001. Molecular cloning: a laboratory manual,
3rd ed. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY.

6. Vicente ACP, Coelho AM. 2005. 1990s Vibrio cholerae epidemic, Brazil.
Emerg. Infect. Dis. 11:171–172.

Received 24 February 2012 Accepted 13 March 2012

Address correspondence to Lena Lillian Canto de Sá Morais, lenasa@iec.pa.gov.br.

Copyright © 2012, American Society for Microbiology. All Rights Reserved.

doi:10.1128/JB.00300-12

GENOME ANNOUNCEMENT

2772 jb.asm.org 0021-9193/12/$12.00 Journal of Bacteriology p. 2772

http://www.ncbi.nlm.nih.gov/nuccore?term=CP003330
http://www.ncbi.nlm.nih.gov/nuccore?term=CP003331
http://dx.doi.org/10.1128/JB.00300-12
http://jb.asm.org

