
Illumina Output  
Fastq format and Quality control 



Fastq format 



Opening remark 

•  If the technology had been perfect 
–  Single molecule (no PCR: no duplicates, no biases) 
–  Full-length read of the molecule 
–  No errors 
–  High speed and low cost 

•  But the technology is not perfect 
–  Several stages of PCR 
–  Short reads 
–  Errors 
–  High cost  capture  more biases and lack of 

coverage 



Fastq format – fasta with qualities 

•  p = the probability that the 
corresponding base call is wrong 

•  Qualities 
–  p = 0.1  Q = 10 
–  p = 0.01  Q = 20 
–  P = 0.001  Q = 30 

•  Encoding: Sanger/Phred format 
can encode a quality score from 
0 to 93 using ASCII 33 to 126: Q 
+ 33  ASCII code 

Source: http://en.wikipedia.org/wiki/FASTQ_format 



Different quality formulas and encodings 

•  Beware of different versions 

•  With sequence data recently produced, you do not 
need to worry 

•  For older data, be careful 
•  Tools such as BWA have an option for older formats 



Illumina sequence identifiers 



FASTQ Quality Control 



Why QC? 

•  First thing when receive a FASTQ file to check: 
–  data amount 
–  data quality 
–  get first idea of whether sequenced what were aiming 

to sequencing 

•  Influences downstream e.g. checking that there 
are no non-genomic sequences in reads that 
would prevent mapping to reference 

•  Extremely important for feedback upstream to 
wet-lab 



Illumina sequencing – 3 steps 

•  Sample prep 
–  shearing 
–  end repair 
–  adaptor ligation 
–  size selection 
–  PCR enrichment 
–  loading on to flow cell 

•  Cluster generation by bridge PCR 

•  Sequencing by synthesis (on sequencing 
machine)  



Source: 
http://www.seqanswers.com 

Sample prep 



Source: 
http://www.seqanswers.com 

Clustering 



Source: 
http://www.seqanswers.com 

Sequencing by synthesis 



Read features 

•  Numbers of reads (no adaptors?, too little/much DNA  
loaded?, imaging problem?) 

•  Qualities (reagent problems?, imaging?) 
–  by cycle: fall with increasing cycle (Illumina) 
–  by read: usually bad bases distributed across reads 

•  Base distribution 
–  strong skewness at particular cycles (indicative of adaptors 

present) 
–  skewness across all cycles (may be indicative of not sequencing 

targeted region) 

•  Levels of duplication 
–  optical duplicate (one cluster interpreted as two) 
–  sequence duplicate (PCR or biological) 



Fastqc software 

•  http://www.bioinformatics.bbsrc.ac.uk/projects/
fastqc/ 

•  Don’t take all warnings at face value 

•  Has both a GUI and command line interface. 

•  Used by NSC to generate our standard QC 
report 
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Per cycle sequence content 



Sequence duplication levels 
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Sequence duplication level = 6.4% 



Sequence duplication levels 
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Sequence duplication level = 85.3% 



In summary 

•  Fastq format 
–  qualities matter 
–  beware of different formats 

•  QC 
–  there are several key features of the data that you 

should inspect 
–  easy to do with FastQC 
–  gives you a good overview of the data 

•  feedback upstream to wet-lab 
•  informs downstream analysis 


