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Quality control is important 

• Some of the artefacts/problems that can be detected 
with QC 

 

– Sequencing 
• Sequence quality 

– Library preparation problems 
• Contaminations 

• Overrepresented sequences 

• Adaptor sequence presence 

• … 



fastq format 



fasta 
• Most basic file format to represent nucleotide or amino-acid 

sequences 

• Each sequence is represented by: 
– A single description line  (shouldn’t exceed 80 characters): 

• Starts with “>” 

• Followed by the sequence ID, and a space, then 

• More information (description)  

– The sequence, over one  or several lines (the number of characters per 
line  is generally 70 or 80,  but  it does not matter)  



fastq 

• same as fasta file but including quality scores 

• contains 4 lines: 
– “@” and the sequence ID 

– the sequence 

– “+” (and the sequence ID) 

– the quality score 



ASCII encoding of phred scores 

• one number  :  one leter 
 

40:@  90:Z   141:a 

41:A  91:[   142:b 

42:B  92:\   143:c 

43:C  93:]    144:d 

44:D  94:^   145:e 

45:E  95:_   146:f 

… :…   … :…   … :… 

 



quality – Phred scores (Q) 

• Most comonly used representation of qualities 

• Related to the probability of errors (P) in a 
particular base 

 



Different scoring systems 

L - Illumina 1.8+ Phred+33, raw reads typically (0, 41) 

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



Quiz 1 

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

• What are the phred scores (and probability of 
error) of the first four bases of this sequence? 

 

@phredscoretest 

AATTCTGGTACTCTAATGTGTTGTATATGGTCCTATC 

+ 

FEGIFDCBAGFJDGFABBD9837.9##(.,+)..+** 

 

 

http://en.wikipedia.org/wiki/FASTQ_format
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Quiz 1 (answer) 

@phredscoretest 

AATTCTGGTACTCTAATGTGTTGTATATGGTCCTATC 

+ 

FEGIFDCBAGFJDGFABBD9837.9##(.,+)..+** 

 

• Sanger, Illumina 1.8+ [ascii - 33] 

– 37 , 36 , 38 , 40 [error: between 1 and 2,5 in 10,000] 

• Solexa, Illumina 1.3+, 1.5+ [ascii - 64] 

– 6 , 5 , 7 , 9 [error: between 1.2 and 3 in 10] 

 



You need to know the quality 
score encoding 

 
STACKS: 
  
 - e: specify how quality scores are encoded, 'phred33' (Illumina 1.8+, 
Sanger, default) or 'phred64' (Illumina 1.3 - 1.5) 

 
BOWTIE: 
  
 --phred33-quals    input quals are Phred+33 (default) 
 --phred64-quals    input quals are Phred+64 (same as --solexa1.3-quals) 
 --solexa-quals     input quals are from GA Pipeline ver. < 1.3 
 --solexa1.3-quals  input quals are from GA Pipeline ver. >= 1.3 
 --integer-quals    qualities are given as space-separated integers (not ASCII) 
 



Quiz 2 

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

• Can you guess the sequencing platform/base 
caller that was used to generate this data? 

 

@phredscoretest 

AATTCTGGTACTCTAATGTGTTGTATATGGTCCTATC 

+ 

FEGIFDCBAGFJDGFABBD9837.9##(.,+)..+** 
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Quiz 2 (answer) 

@phredscoretest 

AATTCTGGTACTCTAATGTGTTGTATATGGTCCTATC 

+ 

FEGIFDCBAGFJDGFABBD9837.9##(.,+)..+** 

 

Phred scores go from 35 to 73  Illumina 1.8+ 



Sequence quality control 

1. Look at how the data looks like 

Impossible to look at a >10 GB file to check if quality 
scores are adequate! 



Sequence quality 
@BENM_2011_0526_022:2:1:299:100/1 

ATGGTGAACGCACATTGCCGTAATGGTCTGCGACTGTTCGCCAAAAGGCAATTCAATTAATTCTCCGCACTTGAACTCTTTTACCACCGCAAAACGCGGC 

+ 

FEFFFEEEFEFEFFEEFFEEFFFEEFEFFEFFFFFEFEEFEFEEEFEFEEFFEFEFEFFEEFEEFFEFFEEFEEEFFFFFEEFFEFEFFFFEFFE??>?? 

@BENM_2011_0526_022:8:2:303:100/1 

GGCATTACGTTTTGCTACCATCGTGCCGAGGCGCTTATTGCTGGCATCATGCTCATGATAATGAATTTGAATCAGGGGTGATAAAACAGTGACGAGACAA 

+ 

EDEDDEEEEEDEDDEEDEDEDDDEDEEEEEDDEEEEDDDDDDDDDDDDDEEEDDEEDDEEEDEEEEDDDEEDDEDEEEDDEDDEDDDDEDEEDDDIHHHH 

@BENM_2011_0526_022:4:3:307:100/1 

ATTCATAATGGCGCTGCAGCAATTGCTGGTTGAGGTTGTAACTGCGCACCAACATACCGATTTCATCGTCCTGATGCAGACGCGGTAATGCCAGTTGGTG 

+ 

GGHGHHGHHGGHHHHGHGGHGHHHGGHHGHGHGGGGHGHGHHHGGHGHGGHGHHHGGHHGGHGGHHGHGHHHGGHGHHGGGHHGHHGHGGHGHHG>???> 

@BENM_2011_0526_022:7:4:292:100/1 

TTCGACCGCATCCCACGGCACCCCACTGATCCCGGAAACACCAGCGGTTTCAATGCGGGTCAGCCTATGGTGAAGGCCGTGACCGAACTCGTGGAACAGG 

+ 

IIHIHHIIHHHHIHIIHHHIHHIHHIHIHIHIIHHHIIHIIHIIHHIHHIIHIIIIIIHHHHIIHHIHHIIIHIHHHHHIHHIIIHHIIIIHIHIBBCBB 

@BENM_2011_0526_022:4:5:317:100/1 

TTTTCACGCTGGGGCGTGACGGCATTCATTAACCCGCTTTCTTTGGCGATCTTCTCGATCTTCGCTTTCTCGCTTTCCGGCACGCCGGCGATGATCAGAT 

+ 

BBBBCCCBCBBBBCBBCCCCCCBBCBCCCCBBBCBBBBBBCCCBCCBCCCCCCCCBCCBBBCBCCCCBCCBBBBCBBCBCCCBCBCBBBBCBCCCA@@@A 

@BENM_2011_0526_022:2:6:309:100/1 

GATGGGAAAAGTAAAGTGACAGTTCGCGCATCCACCGCGACAACGGTTCCAAGTCCCAATTCGCTTTCTGTATCACTGATCCAGCGTTGACCAAGTGTAA 

+ 

IHHIHIIHHIHHHHHHIIIIIIHHHIIHIIIIIHHIHHIHIIIHIIIIHIIIHHIIHHIIIIIHHHHHHIIIIIHIIHIIHHIHIHIIIHHHIIIAAABA 
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Sequence quality 



Sequence quality 



Sequence quality control 

1. Look at how the data looks like 

Impossible to look at a >10 GB file to check if quality 
scores are adequate! 

 

2. Decide what to do: 

Nothing (some programs take quality into account) 

Clean: 

 Trim all reads to a certain length 

 Trim bad quality bases 

 Discard bad quality reads 



Data cleaning 

FASTX-Toolkit 
FASTQ/A short-reads pre-processing tools 
FASTQ-to-FASTA 
FASTQ/A Quality Statistics 
FASTQ Quality chart 
FASTQ/A Nucleotide Distribution chart 
FASTQ/A Clipper 
FASTQ/A Renamer 
FASTQ/A Trimmer 
FASTQ/A Collapser 
FASTQ/A Artifacts Filter 
FASTQ Quality Filter 
FASTQ/A Reverse Complement 
FASTA Formatter 
FASTA nucleotides changer 
FASTA Clipping Histogram 
FASTX Barcode Splitter 

 
FASTA/Q Trimmer 
[-l N] = Last base to keep. Default is entire read.  
 
FASTQ Quality Filter 
 
[-q N] = Minimum quality score to keep. 
[-p N] = Minimum percent of bases that must have [-q] qual.  
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Data cleaning 

 
Fastx-toolkit: 
 
http://hannonlab.cshl.edu/fastx_toolkit/index.html  
 
FastqMcf: 
 
http://code.google.com/p/ea-utils/wiki/FastqMcf 
 
Trimmomatic: 
 
http://www.usadellab.org/cms/?page=trimmomatic 
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Quality control is important 

• Some of the artefacts/problems that can be detected 
with QC 

 

– Sequencing 
• Sequence quality 

– Library preparation problems 
• Contaminations 

• Overrepresented sequences 

• Adaptor sequence presence 

• … 



Nucleotide composition 



Nucleotide composition graphs 
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Nucleotide composition graphs 
Are they what you expect? 

25% A, T, G, C 



Nucleotide composition graphs 
Are they what you expect? 

AT rich genome 



Nucleotide composition graphs 
Are they what you expect? 



Exercise 

 

 

http://evomics.org/learning/quality-
assessment-and-control-of-sequence-data/  
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DATASETS 

• DATASET 1: Genome sequencing of Bartonella 
 

• DATASET 2: Amplicon sequencing of 
environmental 16S rRNA 
 

• DATASET 3: microRNA sequencing of human 
embryonic stem cells 



Exercise 1: DATASET 1 

• There are 10000 sequences of 38 nucleotides length. 
The total GC content is 37%. 

• Quality score is ~37 (Q=37  P = 1/5011)  

 

 

• The sequences are average good quality 

• Sequences are GC rich – this is expected in Bartonella 

• There is an adaptor contamination that is recognized 
by the program 



Exercise 1: DATASET 2 

• Barcode sequence at the beginning of the reads: 

– TACAGAGG  

• All reads have the same barcode 

• Sequences from a conserved region of the 16S rRNA 

• Some sequences are more frequent than others 

– Frequencies of the different bacteria in the sample are 
different 

 



Exercise 1: DATASET 3 

• The quality of some sequences drops down 
towards the end of the read 

• The per base sequence content plot show that 
there are sequences that are more frequent 
than others 

• The sources of the overrepresented sequences 
are:  
– Illumina adaptor /sequencing primer sequences 

– microRNAs that are more frequent than others 



Exercise 2 

• fastq_quality_filter -q 30 -Q33 -p 75 -i 
SRR026762-sample.fastq -o SRR026762-sample-
qf.fastq –v 

 

– 53832 reads are retained 

 

• fastx_clipper -a ATCTCGTATGCCGTCTTCTGCTTG -l 
8 -v -Q 33 -i SRR026762-sample-qf.fastq -o 
SRR026762-sample-qf-at.fastq 

 

– 52701 reads are retained 



Exercise 2 (ctd.) 

ATCTCGTATGCCGTCTTCTGCTTG  

CGACAGGTTCAGAGTTCTACAGTCCGACGATC 

AGTTCTACAGTCCGACGATCTCGTATGCCGTCTTCTGCTTG  

 GTTCTACAGTCCGACGATCTCGTATGCCGTCTTCTGCTTG  

  TTCTACAGTCCGACGATCTCGTATGCCGTCTTCTGCTTG  

   TCTACAGTCCGACGATCTCGTATGCCGTCTTCTGCTTG 

    CTACAGTCCGACGATCTCGTATGCCGTCTTCTGCTTG 

     TACAGTCCGACGATCTCGTATGCCGTCTTCTGCTTG 

      ACAGTCCGACGATCTCGTATGCCGTCTTCTGCTTG 

       CAGTCCGACGATCTCGTATGCCGTCTTCTGCTTG 

        AGTCCGACGATCTCGTATGCCGTCTTCTGCTTG 



Exercise 2 (ctd.) 

• fastx_clipper -a AGTTCTACAGTCCGACG -l 8 -v -Q 33 -i 
SRR026762-sample-qf-at.fastq | fastx_clipper -a 
GTTCTACAGTCCGACG -l 8 -v -Q 33 -i -- | fastx_clipper -a 
TTCTACAGTCCGACG  -l 8 -v -Q 33 -i -- | fastx_clipper -a 
TCTACAGTCCGACG -l 8 -v -Q 33 -i -- |fastx_clipper -a 
CTACAGTCCGACG -l 8 -v -Q 33 -i -- |fastx_clipper -a 
TACAGTCCGACG -l 8 -v -Q 33 -i --  | fastx_clipper -a 
ACAGTCCGACG -l 8 -v -Q 33 -i -- | fastx_clipper -a 
ACAGTCCGACG -l 8 -v -Q 33 -i -- | fastx_clipper -a 
CAGTCCGACG -l 8 -v -Q 33 -i -- | fastx_clipper -a 
AGTCCGACG -l 8 -v -Q 33 -i -- -o test 

 

• 25512 reads retained 


