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DNA sequencing 

 DNA sequencing is one of the most important tools for 
the study of microbiology today.  

 Sequence determination is first performed using the 
chain termination sequencing method, Sanger 
sequencing, developed by Frederick Sanger and his 
colleagues in 1977 (Sanger et al., 1977) [still is in use after 
more than 30 years].  

 Pyrosequencing, a rather “new” DNA sequencing 
technology, is developed by Mostafa Ronaghi and Pål 
Nyrén at the Royal Institute of Technology in 1996.  



Pyrosequencing 

 Pyrosequencing is a method of DNA sequencing based 
on the "sequencing by synthesis" principle 

 Differs from Sanger sequencing, pyrosequencing relies 
on the detection of pyrophosphate release on 
nucleotide incorporation. 
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Pros & Cons 

Pros Cons 
1. fast (1day) 1. expensive 
2. high thoroughput  
    (>200,000 reads) 

2. relatively high error rate       
    (0.0098) 

3. >200bp 3. homopolymer Ts->bad signal 
    (more than 3-4) 

4. unlimited sample number 
5. frequency data 
6. generate sequence signals   
    immediately downstream of  
    the primer 
7. sample preparation is easy  
    and rapid 

8. fewer DNA templates needed 



Application-Bacterial 1 
 Bacterial identification 



Luna et al. 2007  

 DNA pyrosequencing: identification of atypical clinical isolates  

 isolates that lacked a definitive identification by biochemical testing 

 in a large children's hospital (Texas, USA) 

 16S rRNA genes: target sequences flanking the variable V1 and V3 regions 

 414 isolates from 312 pediatric patients  

 genus- or species-level identifications: ~90% of cases 



Application-Bacterial 2 
 Detection of mutations that confer antibiotic resistance 



Gorgani et al. 2009 

 detect point mutations in 59 clinical isolates of P. aeruginosa 

 -fluoroquinolone resistance-determining region of 
 the gyrA and parC genes  

 -efflux regulatory genes mexR, mexZ and mexOZ (associated with    
 fluoroquinolone and aminoglycoside resistance) 

 multiplex polymerase chain reaction 

 and then pyrosequencing for sequencing of the selected genes 

 Mutations related to antibiotic resistance were detected in codons 83 
and 87 of gyrA and codon 126 of the mexR regulatory gene 

 determine the antibiotic resistance pattern of a given bacterial strain in 
<1 h. 



Application-Fungal 1 

 Fungal identification 

 



Gharizadeh et al. 2004 

 identification of different clinically relevant fungi 

 21 fungal specimens consisting of nine strains of clinically relevant fungi  

 18S rRNA gene using polymerase chain reaction (PCR) universal primers for 
amplification 

 Sequencing : up to 40 bases 
 Results: all identifed 

 a reproducible and reliable technique for identification of fungal 
pathogens. 



Application-Fungal 2  

 Detect mutation that confer antifungal resistance 
 



Trama et al. 2005  

 real-time PCR and pyrosequencing  

 detect Aspergillus fumigatus in whole blood 

 cyp51A gene and sequencing the codon for glycine 54 

 mutation: confer reduced susceptibility to itraconazole and posaconazole 



Application-Viral 1 
 Viral typing 



Gharizadeh et al. 2001 

 HPV genotyping by pyrosequencing 

 Sequencing target: 50 nucleotide bases of the L1 protein gene  
 Only 14 -38 bases needed 



Application-Viral 2 
 Monitoring antiviral resistance 



O'Meara et al. 2001 

 codon changes that involved in HIV type 1 protease inhibitor resistance 

 viral RNA prepared from plasma samples from HIV-1-infected individuals 

 12 primers for 34 codon changes that involved in drug resistance 

 parallel analysis of 96 reactions in 1 h 

 monitor drug resistance in 8 patients simultaneously 



Other applications in Medicine 



In the future 
 pyrosequencing more affordable, rapid, and simple to 

use 
 

Whole genome sequencing 
 e.g. the genomes (common human pathogens such as 

E. coli, Pseudomonas aeruginosa, and S. aureus) range 
2–5Mb  

 cost of pyrosequencing: $1 to $60/Mb 
 cost of sequencing a single bacterial genome:$2 to $300 
 $200 to $400 per genome (included DNA preparation, 

etc) (Fakruddin et al. 2012) 
 
 
 



Next steps: 

Microbiome analysis 
 -e.g. complex biodiversity of human guts 
 -any altered microbiome? 
Taxonomy and epidemiology 
 -novel species or subspecies 
Virtual resistance testing 

 



Conclusion 

 Pyrosequencing is a powerful tool for bacterial 
identification, fungal identification and viral typing in 
clinical microbiology laboratory 

 It can also be used to detect mutations that are 
involved in drug resistance 
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Thank you! 
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