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The first Chlamydia trachomatis genome 
was sequenced in 1998, but now, with the 
recent publication of the C. trachomatis 
lymphogranuloma venereum (LGV) 
genome sequence, the genome catalogue 
of the different disease variants of this 
Chlamydia species is complete, and is 
discussed in this month’s Genome Watch.

Chlamydia spp. are among the oldest 
described human pathogens, and have long 
fascinated researchers because they are obli-
gate intracellular bacteria that have a unique 
developmental cycle (FIG. 1) and can infect vir-
tually all cell types. The chlamydial develop-
mental cycle is biphasic, consisting of two cell 
types: the infectious electron-dense elemen-
tary body, which is 0.2–0.6 µm in diameter 
and metabolically inactive, and a metaboli-
cally active reticulate body. Elementary bod-
ies enter eukaryotic cells by endocytosis and 
remain sequestered in special non-exocytotic 
vesicles called inclusions. The elementary 
bodies that are present in inclusions differ-
entiate into the larger (~1.5 µm diameter) 
reticulate bodies, which are the metabolically 
active replicating form of Chlamydia. After 
a period of approximately 2 days, the reticu-
late bodies differentiate back into elementary 
bodies, which are released from the cell either 
by membrane fusion or through mechanical  
disruption of the host cell.

Since 1999, the Chlamydiaceae family has 
been split into two genera, the Chlamydia 
and the Chlamydophila (Chlamydia-like). 
Although this Genome Watch focuses on 
Chlamydia trachomatis, one of the two main 
human chlamydial pathogens, representative 
human, animal and environmental chlamy-
dial genomes have been sequenced. The large 
number of sequenced chlamydial genomes is 
also a reflection of their small genome size, 
their interesting biology and the breadth  
of diseases that they cause (see Further  

information for a link to a comprehensive ref-
erence and education site (Chlamydia and the 
chlamydiae) that is hosted by the University of 
Southampton).

This Genome watch focuses on 
C. trachomatis variants that can cause 3 radi-
cally different disease pathologies in humans 
and have been divided, on the basis of sero-
type, into 15 different serovariants: serovars 
A–C cause trachoma, a serious infection of 
the mucous membranes of the eyes that, if 
untreated, can result in blindness; serovars  
D–K and L1, L2 and L3 are associated with sex-
ually transmitted infections (STIs); and sero-
vars D–K can cause cervicitis in women and  
urogenital infections in men. Of these, L1, L2 
and L3 are the only serovars that are associated 

with lymphogranuloma venereum (LGV). Of 
the sexually transmitted C. trachomatis sero-
vars, the LGV strains are more invasive than 
serovars A–K, and cause systemic infections 
that disseminate to the local lymph nodes, 
which can result in large swellings, or buboes, 
that are characteristic of bubonic diseases. LGV 
serovars are rarely isolated in western coun-
tries, but are common in parts of Africa, South 
East Asia, South America and the Caribbean. 
However, this human demographic has 
changed recently with a European outbreak of 
LGV that was reported in men who have sex 
with men, although these individuals presented 
with proctitis rather than genital ulceration and 
the buboes that are regarded as the character-
istic presentations of a classical LGV infection. 

Figure 1 | Diagram of an idealized chlamydial developmental cycle. The small, infectious 
elementary bodies (EBs) are shown in blue and the larger, replicating reticulate bodies (RBs) are 
shown in pink. Figure courtesy of K.D. Everett, University of Georgia, Georgia, USA.
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It has been proposed that the serovar which 
causes this variant form of LGV is a recently 
evolved variant of the classical LGV strain 
that is named L2b and represents an emergent 
infection.

Because no genetic tools or cell-free meth-
ods of culture are available to manipulate the 
chlamydial genome, genomics has provided 
important insights into chlamydial biology. 
Complete genome sequences are now availa-
ble for three of the C. trachomatis pathotypes: 
Chlamydia trachomatis A/HAR-13 (serovar 
A), a trachoma strain; Chlamydia trachoma-
tis D/UW-3/CX (serovar  D), an STI strain; 
Chlamydia trachomatis 434/Bu (serovar L2), 
a classical LGV strain; and Chlamydia tracho-
matis L2b/UCH-1/proctitis (serovar L2b), 
a proctitis LGV strain1,2,3. Whole-genome 
analysis has shown that the size of these 
4 genomes varies by a maximum of 5,000 bp, 
with all 4 genomes comprised of ~1.04 mbp. 
The four serovars also share a high level of syn-
teny and genome-sequence conservation. This 
conservation is best illustrated by comparing 
the coding capacities of the three genomes. 
A comparison of the gene sets of single tra-
choma, STI and LGV strains revealed that 
846 coding sequences (CDSs) were common 
to all 3 genomes (the total CDS count for 
these genomes range from 889–920). Of the 
remaining genes, most differences that were 
noted represented differences in in silico gene 
prediction rather than real differences in gene 
content. The authors concluded that hori-
zontal gene transfer has probably not had a 
significant impact on the changes in disease 
pathology that are caused by this group of 
organisms3.

Although there were many common fea-
tures among the C. trachomatis genomes, 
there were also some surprises. It was thought 
that Chlamydiae lack peptidoglycan, but all 
the genomes contained most of the genes that 
are required for the synthesis and assembly 
of this polymer. The presence of these genes 
might provide the answer to the puzzling 
observation that Chlamydiae are susceptible to 
inhibitors of peptidoglycan synthesis, yet seem 
to lack this polymer2. This finding aside, the 
overriding theme of these chamydial genomes 
is metabolic streamlining and gene loss, which 
is consistent with many other pathogens that 
exploit an intracellular lifestyle4.

Analysis of the metabolic capacity of 
C. trachomatis has shown that several impor-
tant metabolic pathways are incomplete. One 
pertinent example is the tricarboxylic acid 
(TCA) cycle, in which the genes for citrate 
synthetase, aconitase and isocitrate dehy-
drogenase are lacking. There is also evidence 
for ongoing gene loss by point mutations of 

other genes in this pathway: C. trachomatis 
434/Bu (the classical LGV serovar L2 strain) 
has point mutations in the TCA-cycle genes 
sdhC (succinate dehydrogenase) and fumC 
(fumarase), which might indicate that 
2-oxoglutarate is used to synthesize succinate 
and succinyl CoA2,3.

There is also evidence in these genomes for 
large-scale deletion of genes, most of which 
are confined to a region at the terminus of 
replication that has been named the plastic-
ity zone5. The plasticity zone varies in size 
between the different C. trachomatis genomes 
from approximately 20 to 25 Kbp1,2,3. This 
variation in size is largely due to differential 
deletion of the central portion of the plastic-
ity zone, which is thought to have originally 
encoded a cytotoxin (or cytotoxins) that is 
similar to those found in other chlamydial 
species. Interestingly, although all of the cyto-
toxin genes that are found in C. trachomatis 
isolates are remnants, or pseudogenes, one of 
the defining characteristics of the STI strain  
C. trachomatis D/UW-3/CX is that a cytotoxin 
fragment is expressed and produces a cyto-
toxic protein6. This is a salutary lesson to us all 
not to disregard apparently broken genes.

Other genetic features that correlate with 
a particular phenotype include the pres-
ence of tryptophan synthetase. As part of the 
human innate immune response, interferon-γ  
(IFN-γ) induces the expression of an enzyme, 
indoleamine 2,3-dioxygenase (IDO), that cat-
abolizes the essential amino acid tryptophan 
and inhibits the growth of C. trachomatis, 
which is a natural tryptophan auxotroph. 
However, tryptophan synthetase can catalyse 
the conversion of indole into tryptophan. The 
gene that encodes tryptophan synthetase is 
intact in the STI strains, but truncated in the 
trachoma strains. Because indole is available in 
the genital tract as a waste product of metabo-
lism by other bacteria, this may be a way that 
the genital STI strains mitigate the impact of 
IFN-γ-induced IDO. Why the trachoma strains 
have not retained this ability is not clear2,7,8.

The genome sequence of the recently 
identified proctitis strain C. trachomatis 
L2b/UCH-1/proctitis, which causes a variant 
form of LGV, was equally revealing. A com-
parison with the classical LGV strain that was 
isolated ~40 years previously showed that its 
genome was 27 bp larger, that there were no 
whole-gene or pseudogene differences and 
that less than 600 single-base polymorphisms 
(SNPs) distinguish the 2 LGV isolates3. Thus, 
it was clear that there are no gross differences 
between the classical LGV strain and the LGV 
proctitis strain. Interestingly, the 600 SNP dif-
ferences clustered in the genome. This feature 
was used to identify genes that were under 

positive selection, and that therefore might 
represent new virulence genes or useful targets 
for vaccine development.

C. trachomatis has the ability to infect 
different niches and cause a range of 
distinct pathologies. However, whole-
genome sequencing has shown us that the 
C. trachomatis pan-genome (that is, the 
core plus all the variable regions from all  
the C. trachomatis genomes combined) is 
tiny compared with free-living bacteria, such 
as pseudomonads9, and that the evolution-
ary history of this intracellular pathogen has 
involved loss of functions and genome reduc-
tion. For bacteria that are so recalcitrant to 
laboratory manipulation, these genomes have 
provided much-needed insights into their 
biology, which has explained some experimen-
tal observations and identified possible diag-
nostic and therapeutic targets. The new proc-
titis strain is likely to be “an old strain causing 
a new disease” (ReF. 3), which highlights how, 
even though we have more genetic informa-
tion on C. trachomatis than ever before, this 
bacterium still harbours many more secrets:  
a challenge indeed.
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FURtheR InFoRmatIon
The comprehensive reference and education site for 
Chlamydia and the chlamydiae: http://www.chlamydiae.com/
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