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Recent sequencing projects have characterized
bacterial genomes that are organized onto elements
of various sizes, shapes and numbers. Aside from 
its biological relevance and curiosity, this diversity 
calls into question the way that we define bacterial
chromosomes.

In the beginning, bacteria were simple. The two work-
horses of bacterial genetics — Escherichia coli and
Bacillus subtilis — were both shown to have circular
genetic maps and chromosomes of about 4.5 million
base pairs. Because these organisms were known to be
rather distantly related, it was reasonable to assume
that the shape and numbers of chromosomes would be
constant across bacterial species. The occurrence of
plasmids in virtually all bacterial species actually helped
to reinforce this view. These ‘extrachromosomal’ ele-
ments were typically small, dispensable, sporadically
distributed and of variable copy numbers, implying that
all of the genes essential for housekeeping functions
were encoded on the single, circular chromosome
present in all members of a species.

As genetic and physical maps began to accumulate
for additional species, the exceptions began to emerge.
The spirochaete Borrelia burgdorferi [1], the proteobac-
terium Agrobacterium tumefaciens [2], and the actino-
mycete Streptomyces coelicolor [3] were all found 
to have linear chromosomes, as do many of the close
relatives of these species. Chromosome linearity arose
independently in these groups, each of which has
apparently solved the telomere-replication problem in 
its own way: for example, the ends of the Borrelia
chromosome are closed hairpin structures, whereas 
the Streptomyces chromosome terminates with cova-
lently bound proteins [4]. Furthermore, the plasmids
recovered from these genomes comprise both linear
and circular molecules; and because of the mobile
nature of these elements, linear plasmids have occa-
sionally been detected in bacteria that have only circu-
lar chromosomes.

Along with the finding that bacteria can have linear
chromosomes were reports that they may also contain
multiple chromosomes. From the application of physical
mapping techniques, the genomes of several bacter-
ial species were compartmentalized into multiple
chromosomes, including Rhodobacter sphaeroides
[5], Rhizobium (now Sinorhizobium) meliloti [6], Bacil-
lus thuringiensis [7], Pseudomonas (now Burkholderia)
cepacia [8], Brucella melitensis [9] and Agrobacterium
tumefaciens [2], which actually has one linear and one

circular chromosome. The presence of multiple chro-
mosomes in a cell is perhaps not especially surprising,
given that bacterial genomes have long been known
to harbor additional replicons in the form of plasmids.
Are the added chromosomes just exceedingly large
plasmids, or are there objective criteria that support
the distinctions between these two categories of her-
itable elements?

Insights into the classification of these elements can
be distilled from the published genome sequences,
noting that some authors tackle this nomenclature
problem with explicit rules, whereas others apply a
more visceral approach. To be fair, most of these ele-
ments were named well before their sequences were
determined, so there is an underlying deference to
history and expediency in their current designations.
Nonetheless, chromosomes are always the largest
repositories of genetic material in the cell and contain
the bulk of genes supplying housekeeping functions, as
supported by the presence of ribosomal RNA operons
(Table 1). Conversely, plasmids, though attaining sizes
that might garner classification as ‘megaplasmids’, are
always smaller than the cell’s chromosome and never
(with one exception) harbor ribosomal genes.

Among the fully sequenced genomes included in
Table 1, the partitioning of replicons into plasmids and
chromosomes is straightforward for Borrelia [10],
Clostridium [11], Salmonella [12] and Yersinia [13]. In
these cases, all of the ribosomal operons are contained
on a single large element, designated as the chromo-
some. By extension, this would justify the present assign-
ment of two chromosomes in both Agrobacterium [14]
and Brucella [15], and of the 1.4 Mb and 1.7 Mb ele-
ments in Sinorhizobium [16] as megaplasmids.

Whereas relative replicon size and rDNA number are
convenient metrics for distinguishing plasmids from
chromosomes, the biological significance of these
features still needs to be assessed. Implicit to this
scheme is that chromosomes represent the ancestral
genetic material, encoding central housekeeping func-
tions that are common to all cells; and functional
analyses confirm that the overwhelming majority of
universally conserved genes are indeed limited to the
chromosomes. By focusing on such properties, some
of the more troublesome issues have been averted.
This approach allows plasmids to be essential and
distributed among all members of a species but
implies that they are involved in traits appropriated
over the evolutionary history of a lineage.

Given the dynamics of bacterial genomes, we might
expect there to be some equivocal cases — and indeed
there are. Vibrio [17] and Deinococcus [18] each have
small ‘chromosomes’ that lack rRNA operons, and Ral-
stonia [19] harbors a 2 Mb ‘megaplasmid’ containing a
ribosomal gene cluster complete with tRNAs. That the
authors are impelled to justify their designations — typ-
ically based on the putative functions of replicon-spe-
cific genes — suggests that the distinction between
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mega-plasmid and mini-chromosome has blurred. There
is, however, a convenient way out of this bind: when a
questionable genomic element harbors the only copy of
a gene conserved among all bacteria (one of the
hundred or so genes constituting the minimal genome
complement [20]), one can assume to be looking at a
chromosome. Of course, it is possible to conceive of an
exception and of insufficiencies in such criteria, but it
will probably require another 50 sequenced genomes to
uncover one.
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Table 1. Replicons In Some Sequenced Bacterial Genomes With Multiple Heritable Elements.

Species Appellation Size (kb) Shape rDNA no.

Agrobacterium tumefaciens Chromosome 2842 Circular 2
Chromosome 2057 Linear 2
Plasmid 543 Circular 0
Plasmid 214 Circular 0

Borrelia burgdorferi Chromosome 911 Linear 1
Plasmids (n = 11) 9–54 Circular/Linear 0

Brucella melitensis Chromosome 2117 Circular 2
Chromosome 1178 Circular 1

Clostridium acetobutylicum Chromosome 3941 Circular 11
Megaplasmid 192 Circular 0

Deinococcus radiodurans Chromosome 2649 Circular 3
Chromosome 412 Circular 0
Megaplasmid 177 Circular 0
Plasmid 46 Circular 0

Ralstonia solanacearum Chromosome 3716 Circular 3
Megaplasmid 2095 Circular 1

Salmonella typhi Chromosome 4809 Circular 7
Plasmid 218 Circular 0
Plasmid 107 Circular 0

Sinorhizobium meliloti Chromosome 3654 Circular 3
Megaplasmid 1683 Circular 0
Megaplasmid 1354 Circular 0

Vibrio cholerae Chromosome 2941 Circular 8
Chromosome 1072 Circular 0

Yersina pestis Chromosome 4654 Circular 6
Plasmids (n = 3) 10–96 Circular 0


