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Methods used to study our bacterial microbes

Cultivation-dependent techniques:
• Good method for studying viable bacteria
• However, due to the limitations of traditional detection 

techniques, that require growth of organisms in the 
laboratory, it is thought that less than 1% of all bacterial 
species are cultivatable.

Cultivation-independent molecular methods:
• Commonly used to characterize microbial
• diversity (two basic categories):

(i) Sequence-based technologies: methods based on the phylogenetic analysis of 
nucleic acid sequences
(ii) Community fingerprinting: gel-based methods

• Both methodologies rely fundamentally on the analysis of the 16S rRNA genes and 
differ in the way they resolve the diversity of microbial communities.



Methods used to study our bacterial microbes

• The 16S rRNA gene is approximately 
1500 nucleotides in length, and is one of 
a few genes universal to all Bacteria and 
Archaea. 

• This, along with extensive sequence 
conservation and the presence of 
domains with variable evolutionary rates, 
makes 16S rRNA an ideal candidate for 
the study of microbial phylogeny and 
diversity

• Furthermore, over 2.6 million rRNA
sequences have been deposited in 
databases, providing an extensive dataset 
for comparison and assignment of new 
sequences. 

https://era7bioinformatics.com/en/page.cfm?id=2716&title=f
ull-lenght-16s-taxonomic-profiling-with-pacbio

DOI: 10.1373/clinchem.2008.107565 
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Community fingerprinting examples:
Denaturing-gradient gel electrophoresis (DGGE): 

2nd round PCR:  
GC clamp added 
to 16S amplicons

DNA fragments of 
differing sequence 
can be separated in 
an acrylamide gelMore G and C: 

fragments remain double 
stranded for longer 
(more stable) and 
migrate further down

Less G and C:   
slow migration due to 
early denaturation

1st round PCR:  
16S gene amplified

45 %

65 %

The GC-clamped amplicons are separated according to their 
differences in the melting behaviour:
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Community fingerprinting examples:
Denaturing-gradient gel electrophoresis (DGGE):

• Amplicons with different sequences (OTUs: operational taxonomic units) stop 
migrating at different positions in the gel. 

• Used to determine within- and between-individual diversities.
• Limitations: reproducibility between labs

: short DNA fragments may hamper distinction of OTUs 
: it is not always possible to separate amplicons with different sequences, 

due to similar melting properties.



Most microbiologists are now capable of utilizing NGS technologies to investigate bacterial 
community compositions applying 16S rRNA gene or WGS sequencing approaches.

Advances in sequencing technologies
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How does NGS work?



Amplified 16S library 
using a multiplexed 

approach

How does NGS work?
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How does NGS work?



NGS versus WGS

Clarke et al. (2012) Gut Microbes. http://dx.doi.org.ezproxy.uct.ac.za/10.4161/gmic.20168; 
Ranjan et al. (2016) Biochemical and Biophysical Research Communications 469:967e977 



NGS versus WGS

Jovel et al. (2016) Front Microbiol. doi: 10.3389/fmicb.2016.00459



What are my research questions at hand?

Jovel et al. (2016) Front Microbiol. doi: 10.3389/fmicb.2016.00459; Kwong et al. (2015) Pathology. 47(3): 199-210

16S rRNA NGS 
sequencing

Whole genome 
shotgun 

sequencing

Bacterial composition (down to genus-level) of samples  

Bacterial composition (down to species-level (strain-level)) 
of samples

 

Associations between bacterial compositions (down to 
genus-level) and disease outcomes



Associations between bacterial compositions (down to 
species-level (strain-level)) and disease outcomes



Functional pathway analysis 

Diagnostic microbiology: typing of bacterial pathogens, 
resistance detection, virulence profiling, outbreak analysis



Multibiome analysis 



What about the multibiome?

https://www.ucsf.edu/news/2014/05/114656/culturing-cures



What about the multibiome?

Filyk and Osborne. (2016) Front Microbiol. doi: 10.3389/fmicb.2016.00459
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Filyk and Osborne. (2016) Front Microbiol. doi: 10.3389/fmicb.2016.00459

Distinct members of the INTESTINAL multibiome can elicit pathways to influence 
immunity and inflammation in the host:

The Bacterial Microbiome
• The intestinal bacterial microbiome is comprised of trillions of 

individual bacteria from approximately 1000 different species.

• Within this vast diversity, examples of specific microbes and 
collections of bacterial consortium have been shown to elicit 
immune polarization through direct interaction with host 
intestinal epithelial or dendritic cells as well as indirect 
mechanisms that rely on bacterial metabolism. 

• Multiple chronic inflammatory disorders (CIDs) including 
inflammatory bowel diseases (IBD) like Crohn's and ulcerative 
colitis and extra-intestinal autoimmune disorders (multiple 
sclerosis and rheumatoid arthritis) have been shown to be 
associated with intestinal dysbiosis, which suggests that the 
bacterial microbiome may contribute to the development or 
progression of inflammatory diseases. 



What about the multibiome?

Filyk and Osborne. (2016) Front Microbiol. doi: 10.3389/fmicb.2016.00459

Distinct members of the INTESTINAL multibiome can elicit pathways to influence 
immunity and inflammation in the host:

The Virome
• The virome consists of all bacteriophage, mammalian viruses and 

the endogenous retroviruses that have integrated into the host's 
genome. 

• Despite the enormity of the intestinal virome (estimated ten-fold 
more particles than bacterial microbes), understanding its impact 
on health and disease is in its infancy. 

• However, the intestinal virome is likely an important regulator of 
immune homeostasis; colonizing GF mice with a single persistent 
viral strain was sufficient to correct a subset of immune defects, 
including Type 1-associated interferon responses. 

• Curating and characterizing the human virome is challenging due to 
the absence of a conserved gene region (e.g. bacterial 16S) and 
incomplete viral genome libraries. 

• However, with the advent of metagenomic shotgun sequencing it is 
anticipated that we will gain a new appreciation of the role of the 
virome in maintaining intestinal and immune homeostasis.
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Filyk and Osborne. (2016) Front Microbiol. doi: 10.3389/fmicb.2016.00459

Distinct members of the INTESTINAL multibiome can elicit pathways to influence 
immunity and inflammation in the host:

The Mycobiome
• The mycobiome (fungal constituent) is less diverse and abundant than the bacterial 

microbiome. 
• Recent shotgun sequencing approaches suggest that fungi account for approximately 

0.1% of the intestinal microbiome.
• Fungi activate the type 17 axis of the immune system and can contribute to local 

(gastric ulcers, food allergy sensitization and colitis) and systemic (allergic airway) 
diseases.



What about the multibiome?



What about the multibiome?

Filyk and Osborne. (2016) Front Microbiol. doi: 10.3389/fmicb.2016.00459

Distinct members of the INTESTINAL multibiome can elicit pathways to influence 
immunity and inflammation in the host:

The Macrobiome
• The macrobiome consists of intestinal multicellular parasitic 

worms, most commonly referred to as helminths (from the 
Greek word for worm). 

• Unlike bacteria, fungi, and viruses, helminths are only 
present in about one-third of the global population. 

• Many helminths complete part of their life cycle in the host's 
intestine by securing themselves into the intestinal 
epithelium, during which they disrupt the intestinal 
ecosystem and damage the epithelium. 

• In response, mammalian hosts activate type 2 responses 
that promote rapid intestinal epithelial cell turnover, mucus 
production and increased gut motility to encourage 
helminth expulsion.



What about the multibiome?

Filyk and Osborne. (2016) Front Microbiol. doi: 10.3389/fmicb.2016.00459

Communication Between Multibiome Members and the Host Regulates Immune 
Homeostasis



What about the multibiome?

Filyk and Osborne. (2016) Front Microbiol. doi: 10.3389/fmicb.2016.00459

Interactions between multibiome members regulate the intestinal community



In summary

Advances in 16S rRNA gene sequencing techniques have allowed 
for better understanding of our bacterial communities

Whole genome shotgun sequencing allows us to study the 
human multibiome as well as its functions

Both sets of techniques are not without limitations

Research questions and interests need to guide your decision 
towards the microbiome analysis technique to be used


