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BAM (SAM)

• Sequence Alignment/Mapping (SAM)
• The output of any type of alignment to a reference* done by programs

such as BWA or BOWTIE, their mapping is fundamentally different than
BLAST alignment and is based on the «FM-Index» based on the Burroughs-
Wheeler Transform (no math I promise!)

1 sample of 15 million reads, BLAST 0.1 secs x read = 17 days!!!

• SAM is the standardized output obtained from the alignment of fasta and 
fastq sequences (the «reads») to a reference

• It is the data that we can then use to understand anything we wish from 
our NGS experiment

* I specifically do not use the words «genomic reference»



BAM (SAM)

• Feeding our fasta/q files and the reference to the aligners will
produce results in a .sam file that contains, in text form, the 
standardized results of each fragment mapping known as SAM format 

• SAM is the text form of standardized output obtained from the 
alignment of fasta and fastq sequences (the «reads») to a reference. 
It will contain one row of data for each fragment. Since it has much
more information than the .fasta/q file. It is huge! Often in the range
of 10s to 100s of Gb

• To reduce the footprint of this file SAMs are usually transformed into
BAM (Binary Alignment/Mapping) files



What is the BAM (SAM) format



What is the BAM (SAM) format



SAM FLAG field



CIGAR string
CIGAR (Compact Idiosyncratic Gapped Alignment Report) string



SAMtools - BAMtools
• Suite of programs («commands») used to interrogate, extract, manipulate, sort, find, munge, classify, ask

questions of data contained in SAM/BAM files

• Can be used as command line programs, or often are included in GUI based container programs such as
Galaxy



SAMtools - BAMtools

View

samtools view sample.bam > sample.sam
Convert a bam file into a sam file.

samtools view -bS sample.sam > sample.bam
Convert a sam file into a bam file. The -b option compresses or leaves compressed input data.

samtools view sample_sorted.bam "chr1:10-13"
Extract all the reads aligned to the range specified, which are those that are aligned to the reference element
named chr1 and cover its 10th, 11th, 12th or 13th base. 
The results is saved to a BAM file including the header. An index of the input file is required for extracting reads according
to their mapping position in the reference
genome, as created by samtools index.

samtools view -h -b sample_sorted.bam "chr1:10-13" > tiny_sorted.bam
Extract the same reads as above, but instead of displaying them, writes them to a new bam file, tiny_sorted.bam. The -
b option makes the output compressed and 
the -h option causes the SAM headers to be output also. These headers include a description of the reference that the 
reads in sample_sorted.bam were aligned to 
and will be needed if the tiny_sorted.bam file is to be used with some of the more advanced SAMtools commands. The 
order of extracted reads is preserved.



SAMtools - BAMtools

Sort

samtools sort -o sorted_out unsorted_in.bam
Read the specified unsorted_in.bam as input, sort it by aligned read position, and write it out to sorted_out. Type of output can be either sam, bam, or cram, and will be 
determined automatically by sorted_out's file-extension.

samtools sort -m 5000000 unsorted_in.bam sorted_out
Read the specified unsorted_in.bam as input, sort it in blocks up to 5 million k (5 Gb) and write output to a series of bam files named sorted_out.0000.bam,
sorted_out.0001.bam, etc., where all bam 0 reads come before any bam 1 read, etc

Index

samtools index sorted.bam
Creates an index file, sorted.bam.bai for the sorted.bam file
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VCF/BCF 

• Variant Call Format (VCF) specifies the format of a text file used in for 
storing sequence variations

• bcftools mpileup [OPTIONS] -f ref.fa in.bam [in2.bam [...]]

• Generate VCF or BCF containing genotype likelihoods for one or 
multiple alignment (BAM or CRAM) files. 

• This is based on the original samtools mpileup command producing
genotype likelihoods in VCF or BCF format

https://www.mankier.com/1/bcftools#Commands_and_Options-bcftools_mpileup_%5BOPTIONS%5D_-f_ref.fa_in.bam_%5Bin2.bam_%5B...%5D%5D


VCF/BCF



BCFTools

• BCFtools is a set of utilities that manipulate variant calls in the 
Variant Call Format (VCF) and its binary counterpart BCF. All 
commands work transparently with both VCFs and BCFs, both 
uncompressed and BGZF-compressed.

• Most commands accept VCF, bgzipped VCF and BCF with filetype
detected automatically even when streaming from a pipe. Indexed 
VCF and BCF will work in all situations. Un-indexed VCF and BCF and 
streams will work in most, but not all situations. In general, whenever 
multiple VCFs are read simultaneously, they must be indexed and 
therefore also compressed



BCFTools

• merge .. merge VCF/BCF files files from non-overlapping sample sets

• mpileup .. multi-way pileup producing genotype likelihoods

• norm .. normalize indels

• plugin .. run user-defined plugin

• polysomy .. detect contaminations and whole-chromosome aberrations

• query .. transform VCF/BCF into user-defined formats

• reheader .. modify VCF/BCF header, change sample names

• roh .. identify runs of homo/auto-zygosity

• sort .. sort VCF/BCF files

• stats .. produce VCF/BCF stats (former vcfcheck)

• view .. subset, filter and convert VCF and BCF files

• annotate .. edit VCF files, add or remove annotations

• call .. SNP/indel calling (former "view")

• cnv .. Copy Number Variation caller

• concat .. concatenate VCF/BCF files from the same set of samples

• consensus .. create consensus sequence by applying VCF variants

• convert .. convert VCF/BCF to other formats and back

• csq .. haplotype aware consequence caller

• filter .. filter VCF/BCF files using fixed thresholds

• gtcheck .. check sample concordance, detect sample swaps and contamination

• index .. index VCF/BCF

• isec .. intersections of VCF/BCF files

VCFStats

https://pwwang.github.io/vcfstats/
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GFF General Feature Format

• Describes genes and other features of DNA, RNA and protein sequences for the genome and contains
one line per feature with 9 tab-separated columns of data

• Created by «variant calling» on a BAM file with a GFF (Generic Feature File)
Existing formats for genetic data such as General feature format (GFF) stored all of the genetic data, much of which is 

redundant because it will be shared across the genomes. By using the variant call format only the variations need to 
be stored along with a reference genome.

https://en.wikipedia.org/wiki/General_feature_format


GFF General Feature Format

crypto

1. Sequence ID
2. Source
3. Feature Type 
4. Feature Start
5. Feature End
6. Score
7. Strand
8. Phase
9. Attributes



















resources

• VEuPathDB
• cryptoDB

https://veupathdb.org/veupathdb/app
http://www.cryptodb.org/
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