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Cystic Fibrosis 

Cystic fibrosis (CF) is a common autosomal recessive genetic 
disorder, affecting approximately 10,000 and 30,000 people in the 
UK and USA, respectively. 

 

Mutation of the CF Transmembrane conductance Regulator (CFTR) 
genes. 

 

CFTR genes encode for the CFTR epithelial cell membrane protein 
and chloride channel 
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Normal function CF mutant 
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Cystic Fibrosis 

The disorder is multi-systemic, affecting the lungs, gastrointestinal 
tract, pancreas, reproductive organs, liver, and kidneys. 

 

However, lung disease, as a result of chronic microbial infection and 
concomitant airway inflammation, is the leading cause of morbidity 
and mortality in the majority of patients. 
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Absent or impaired mucociliary clearance 

leads to a Viscous Cycle of infection  

and inflammation 
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Infection pathogenesis and control 

Targeted culture-dependent assays remain the gold standard for 
pathogen detection. 

 

Typically screening for a limited palette of bacterial species, 
including: Pseudomonas aeruginosa, Staphylococcus aureus, 
Burkholderia cepacia complex, Haemophilus influenzae, 
Stenotrophomonas maltophilia, Acromobacter xylosoxidans 
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Infection pathogenesis and control 

The traditional ‘one microbe, one disease’ concepts of infection 
pathogenesis and infection control are not optimal in CF 
management. 

Why? 

• Absent or impaired mucociliary clearance - eradication not 
possible  

 

• Chronic lung infection in CF is polymicrobial  - an infection 
microbiota of interacting microbes (interacting with each other 
and the host), ranging from strict aerobes through to anaerobic 
bacteria and fungal species.  
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Stabilising respiratory sample 

Biobanking (freeze/thawing samples) 

Propidium monoazide – viable cells 

Sample handling and preparation 
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Sample handling & preparation 

Respiratory sample (BAL, sputum, …) 

Stabilise at -80oC within 12 hours – if not results in significant 
change in microbiota composition 
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Sample handling & preparation 

Biobanking – freeze-thawing samples 4 times or more results in 
significant shifts in the microbiota composition 
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Sample handling & preparation 

Removing bias from dead cells, damaged cells, or extracellular DNA 

 

Propidium Monoazide (PMA) 
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Sample handling & preparation 

Removing bias from dead cells, damaged cells, or extracellular DNA 
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Sample handling & preparation 

Removing bias from dead cells, damaged cells, or extracellular DNA 

 

 

www.promocell.com 

DNA extraction 

 

Then PCR steps 
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Be aware of kit contamination 
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Within a community / microbiota, the cells of some bacterial 
species are difficult to break open due to cell wall structure.  e.g. 
high GC containing Gram +ve bacteria and especially 
Mycobacterium spp. 

 

 

 

 

 

Protocol combines rigorous chemical lysis with physical disruption 
via bead beating   

DNA extraction 
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Commercial high-throughput DNA extraction kits 

Kits can have microbial contaminants in reagents – especially a 
problem in low biomass samples. 

Run positive (mock communities) and negative controls 

 

 

 

 

 

DNA extraction 
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Which amplicon to target? 

16S rRNA gene:  bacteria and / or archaea 

 

 

 

18S rRNA gene: microbial eukaryotes (protists, amoeba..),  
   fungi, will pick up host (but can use blocking 
   PCR to control for human DNA) 

ITS (internal    

transcribed spacer): for fungi 

 

PCR & Sequencing 

https://biology.stackexchange.com 
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Commercial high-throughput PCR reaction kits 

Kits can have microbial contaminants in reagents – especially a 
problem in low biomass samples. 

Run positive (mock communities) and negative controls 

 

 

 

 

 

PCR & sequencing 
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When preparing library for sequencing run include positive and 
negative controls from DNA extraction and PCR steps. Also include 
blanks for sequencing run. 

 

 

 

 

PCR & sequencing 
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Illumina MiSeq – reasonably easy to use (compared to previous 
sequencing platforms)  

Possible to multiplex up to 384 samples 

We typically run 192 samples with 100,000 average sequence reads 
per sample – more than adequate of CF microbiota 
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In general, sequencing power and quality is going up and price is 
going down 

 

Experienced that from using Roche 454 pyrosequencing > Ion 
Torrent > Illumina MiSeq > …? 

  

 

 

 

PCR & sequencing 
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Converting raw sequence reads into something usable 

Operational Taxonomic Units (OTUs) and Exact Sequence Variants 
(ESVs) 
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Sequencing platform produces millions of raw sequences – 
pipelines work to organise those sequences back to corresponding 
sample, remove poor sequences. 

 

Lots of different pipelines (constantly evolving), e.g. 

QIIME or Mothur (Operational Taxonomic Units) 

DADA2 on the R platform (Exact Sequence Variants) 

 

 

 

 

Bioinformatic pipelines 
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A move from Operational Taxonomic Units (OTUs) to Exact 
Sequence Variants (ESVs) 
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A move from Operational Taxonomic Units (OTUs) to Exact 
Sequence Variants (ESVs) 
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Getting to point of answering the question you set off at the 
beginning to answer 

Multivariate analyses 
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How microbiota organisation (e.g. diversity, composition, structure) 
is associated with clinical and host factors… 

Multivariate analyses 
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Absent or impaired mucociliary clearance 

leads to a Viscous Cycle of infection  

and inflammation 
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