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Base calling: the conversion of signal to a nucleotide sequence

Raw signal
(e.g., 454 Life Sciences)

ACCTTCGAACGGCGGGGGGTTACAA

Base calling algorithmsErrors happen. 
Hopefully infrequently



(Mostly) all technologies yield DNA sequences in FASTQ format

@seq1
ACCTTCGAACGGCGGGGGGTTACAA
+
!''*((((***+))%%%++).1***
@seq2
TGGAACCGAACGGCCCCGGTTACAT
+
!''*!!!!***+))+++++).1***
And so on...

DNA



The FASTQ format. Welcome to a minor hell.

@SEQ_ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
+
!''*((((***+))%%%++)(%%%%).1***-+*''))**55CCF>>>>>>CCCCCCC65

Sequence ID 
Sequence
<separator>
Quality scores

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

A “standard” format for storing and defining sequences 
from next-generation sequencing technologies.

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


The FASTQ format's sequence identifier (first line of each record)

Old format New format



FASTQ quality scores: estimate of confidence in each base
(sequencing technologies make errors!)

@SEQ_ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
+
!''*((((***+))%%%++)(%%%%).1***-+*''))**55CCF>>>>>>CCCCCCC65

Sequence ID 
Sequence
<separator>
Quality scores

Q = -10*log10(Perr)
Qualities are based on the Phred scale and are encoded

Note:
The Ph in Phred comes from Phil Green, the 

inventor of the encoding
http://www.gs.washington.edu/faculty/green.htm



Phred quality score calculation

Q = -10*log10(Perr)

Error probability
(Perr)

Phred quality 
score

1 0

log10(Perr)

0
0.1 10-1
0.01 20-2
0.001 30-3
0.0001 40-4



A higher quality score is better (>=20 is considered "good")
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Historically, FASTQ has had different encoding schemes for 
encoding PHRED quality scores. Ouch.

Current encoding:
! = quality 0
J = quality 41



Quality score encoding based on ASCII table. Geekery.

Formula for getting PHRED quality 
from encoded quality:

Q = ascii(char) - 33

Example:
!+EJ

4333 69
100 36

ASCII
-33

74
41



Quality score encoding based on ASCII table. Geekery.



FASTQC: Is my sequence data any good?

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/



seqtk: manipulating FASTQ and FASTA files

https://github.com/lh3/seqtk



bioawk: awk that is enhanced for genomics formats.

https://github.com/lh3/bioawk

$ bioawk -c fastx '{print $name"\t"$seq}' test.fastq
SRR3750603.1 NTCGGAACATTTTTTCTTCAAAAATATGAAAAATCACCTAATTTATCTGAAAATGACATTTANNNCAGTNNNNNNNATTGGGAAAGTGCTCGATTTNCGGA
SRR3750603.2 TGTAATTTACTTTGTTCAGTTAGACTCTTAATTAGACTAAAAACGGTCTCAAAAAGTATAATTTCATAATGAGACACCTTTAAAAATTCTACGTTTTTATG
SRR3750603.3 AGTTTTCTCAAACACAGAAAACATATGGGAGTTTCTCAAACAATGGACAATGAGTGATCACCGATATTTGATACAAATCGACCAACTCGGCTCATATTCTC

 

Print tab separated 
sequence ID and 
sequence from a FASTQ 
file


