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This month’s Genome Watch highlights 
recent studies demonstrating that 
genomic analyses of pathogens in clinical 
samples are not limited to culture-friendly 
bacteria.

The use of bacterial genomics for the detec-
tion and characterization of pathogens in 
clinical samples has traditionally relied on the 
ability to culture bacteria. However, this is not 
possibile for all pathogens. Currently avail-
able culture techniques are also often techni-
cally challenging and time-consuming, which 
can be a barrier to high-throughput genomic 
analyses. 

The obligate intracellular pathogen 
Chlamydia trachomatis must typically 
undergo tissue culture if researchers are to 
obtain sufficient DNA for whole-genome 
sequencing from clinical samples. However, 
a recent study demonstrates that it is possible 
to sequence whole genomes of C. trachomatis  
directly from vaginal swabs1. The authors 
used multiple displacement amplification  
(MDA), which allows for amplification of DNA  
from very low starting concentrations, 
combined with a newly developed 
antibody-based immunomagnetic 
separation technique to enrich 
for C.  trachomatis (owing to 
the high levels of contaminat-
ing human and microbiota 
cells that are typically found 
in vaginal swabs). In con-
junction with multiplexed 
Illumina sequencing, com-
plete C. trachomatis genomes 
were obtained for five of the 
18 swabs tested, with a mean 
coverage exceeding 38-fold, 
making SNP identification 
possible. Although the num-
ber of high-quality sequences 
obtained was modest, these are 

the first bacterial genomes generated directly 
from clinical samples, and refinement of the 
technique is predicted to enable sequencing of 
a wide range of difficult-to-cultivate bacteria 
from clinical samples.

One potential caveat of MDA is amplifica-
tion bias, which is exacerbated by low levels of 
starting material and by contaminating DNA. 
However, a second study reports a method to 
circumvent this problem2. In this study, single 
bacterial cells were cultivated in gel micro-
droplets (GMDs) to generate more starting 
material for MDA. This technique is especially 
useful for studying microbial communities, 
as individual cells can be grown in separate 
GMDs and can be further manipulated and 
sorted by flow cytometry. Using this approach, 
near-complete genomes were obtained for 
Streptococcus and Enterococcus spp. from oral 
and stool microbiome samples, and the result-
ant assemblies were found to be substantially 
larger and more complete than those obtained 
using MDA of a single cell.

An alternative approach for obtaining a 
whole-genome sequence from an uncultivable  

bacterium is to use metagenomics, 
which can detect all the genetic 

material present in a com-
plex sample. This also has 
the advantage of identify-
ing previously undetected 
pathogens that might be 

contributing to disease. In a 
retrospective study, total DNA 
was analysed from faecal 
samples obtained during an 
outbreak of Shiga-toxigenic 
Escherichia coli O104:H4 in 
Germany3. In addition to the 
recovery of sequences that 

matched the outbreak strain, 
several previously undetected 

pathogens were found, such 
as Clostridium difficile and 

Salmonella enterica. These data demonstrate 
the diagnostic sensitivity of such an approach 
and also highlight the idea that it might be 
overly simplistic to assume there is only one 
pathogen causing a disease. 

A similar approach was also used to exam-
ine vaginal swab samples4. Using MDA fol-
lowed by ultra-deep Illumina sequencing, 
C. trachomatis was detected, in addition to a 
number of co-infecting bacteria. However, in 
both of these studies, only low genome cover-
age of the pathogens of interest was obtained. 
This suggests that although metagenomics  
can provide information on previously unde-
tected pathogenic species, the low cover-
age that it yields might make downstream  
epidemiological analyses difficult.

These studies represent a recent drive 
to sequence pathogens without culture, but 
each approach comes with its own challenges. 
More work will be required to make these 
techniques more high throughput and more 
reliable to allow culture-free sequencing to 
become feasible in clinical settings.
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