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Pipeline overview



1) Align reads to reference (using BWA)

1. Index the reference (genome) sequence
➢ bwa index my.fasta
➢ # The various index files are output in the CWD

2. Perform the alignment
➢ bwa aln [opts] my.fasta my.fastq > my.sai

3. Output results in SAM format (single end)
➢ bwa samse my.fasta my.sai my.fastq > my.sam





Ambiguity codes

https://wikipedia.
org/wiki/Nucleic_acid_notat
ion

http://www.google.com/url?q=http%3A%2F%2Fwikipedia.org%2Fwiki%2FNucleic_acid_notation&sa=D&sntz=1&usg=AFQjCNFGFKOFmxJMFTuQOBqBKmOOYVNJbg
http://www.google.com/url?q=http%3A%2F%2Fwikipedia.org%2Fwiki%2FNucleic_acid_notation&sa=D&sntz=1&usg=AFQjCNFGFKOFmxJMFTuQOBqBKmOOYVNJbg
http://www.google.com/url?q=http%3A%2F%2Fwikipedia.org%2Fwiki%2FNucleic_acid_notation&sa=D&sntz=1&usg=AFQjCNFGFKOFmxJMFTuQOBqBKmOOYVNJbg
http://www.google.com/url?q=http%3A%2F%2Fwikipedia.org%2Fwiki%2FNucleic_acid_notation&sa=D&sntz=1&usg=AFQjCNFGFKOFmxJMFTuQOBqBKmOOYVNJbg






Alignment is done! Next, SNP calling!!



First... convert alignments (using SAMtools)

1. Convert SAM to BAM for sorting
➢ samtools view -S -b my.sam > my.bam

2. Sort BAM for SNP calling
➢ samtools sort my.bam my-sorted

Alignments are both:
● compressed for long term storage and
● sorted for variant discovery.



2) Call SNPs (using SAMtools)

1. Index the genome assembly (again!)
➢ samtools faidx my.fasta

2. Run 'mpileup' to generate VCF format
➢ samtools mpileup -g -f my.fasta my-sorted-

1.bam my-sorted-2.bam my-sorted-n.bam > my-
raw.bcf

NB: All we did so far (roughly) is to perform a format 
conversion from BAM to VCF!



2) Call SNPs (using bcftools)

3. Call SNPs...
➢ bcftools view -bvcg my-raw.bcf > my-var.bcf

Again...
● samtools mpileup

● Collects summary information in the input BAMs, 
computes the likelihood of data given each possible 
genotype and stores the likelihoods in the BCF format.

● bcftools view
● Applies the prior and does the actual calling.



3) Filter SNPs

1. Filter SNPs
➢ bcftools view my.var.bcf | 

vcfutils.pl varFilter - > my.var-final.vcf



Now...



Options for BWA

For details, see http://bio-bwa.sourceforge.net/bwa.shtml

http://www.google.com/url?q=http%3A%2F%2Fbio-bwa.sourceforge.net%2Fbwa.shtml&sa=D&sntz=1&usg=AFQjCNEtIbpUa34VFMNc3VrBfdD0kWqX7A


Options for SAMtools

For details, see http://samtools.sourceforge.net/samtools.
shtml

http://www.google.com/url?q=http%3A%2F%2Fsamtools.sourceforge.net%2Fsamtools.shtml&sa=D&sntz=1&usg=AFQjCNEEHDaGJ7gbo0ahev7j_0xbyvp9tw
http://www.google.com/url?q=http%3A%2F%2Fsamtools.sourceforge.net%2Fsamtools.shtml&sa=D&sntz=1&usg=AFQjCNEEHDaGJ7gbo0ahev7j_0xbyvp9tw
http://www.google.com/url?q=http%3A%2F%2Fsamtools.sourceforge.net%2Fsamtools.shtml&sa=D&sntz=1&usg=AFQjCNEEHDaGJ7gbo0ahev7j_0xbyvp9tw


Options for vcfutils.pl varFilter

Usage:   vcfutils.pl varFilter [options] <in.vcf>

Options: -Q INT    minimum RMS mapping quality for SNPs [10]

         -d INT    minimum read depth [2]

         -D INT    maximum read depth [10000000]

         -a INT    minimum number of alternate bases [2]

         -w INT    SNP within INT bp around a gap to be filtered [3]

         -W INT    window size for filtering adjacent gaps [10]

         -1 FLOAT  min P-value for strand bias (given PV4) [0.0001]

         -2 FLOAT  min P-value for baseQ bias [1e-100]

         -3 FLOAT  min P-value for mapQ bias [0]

         -4 FLOAT  min P-value for end distance bias [0.0001]

         -e FLOAT  min P-value for HWE (plus F<0) [0.0001]

         -p        print filtered variants

Note: Some of the filters rely on annotations generated by SAMtools/BCFtools.



Glossary of file formats

Sequence data formats:
● FASTA:

Simple format for DNA or 
peptide sequences.

● FASTQ:
Stores sequences and 
sequence quality 
information together.

Alignment data formats
● SAM / BAM

Sequence 
Alignment/Map

Variation data
● VCF / BCF

Variant Call Format

http://www.ebi.ac.uk/ena/about/read-file-formats

http://www.google.com/url?q=http%3A%2F%2Fwww.ebi.ac.uk%2Fena%2Fabout%2Fread-file-formats&sa=D&sntz=1&usg=AFQjCNFrEJIx_UdYf6yk4Pynj8DVGXJX3g
http://www.google.com/url?q=http%3A%2F%2Fwww.ebi.ac.uk%2Fena%2Fabout%2Fread-file-formats&sa=D&sntz=1&usg=AFQjCNFrEJIx_UdYf6yk4Pynj8DVGXJX3g


VCF format

● A standard format for sequence variation: 
SNPs, indels and structural variants.

● Compressed and indexed.
● Developed for the 1000 Genomes Project.
● VCFtools for VCF like SAMtools for SAM.
● Specification and tools available from http:

//vcftools.sourceforge.net



VCF format


