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Mapping is the process by which sequencing reads are aligned to the region of a genome from 
which they derive. 



You need to have an existing reference sequence to map to 

Reference sequence must exist!



Mapping

Sequence Reads
Does each read map?


Where on the ref. seq. does it map? 

How well does it map?

Mapping inputs Mapping output

Reference sequence(s)



Genome assembly is the process of trying to  
reconstruct a genome sequence from reads (making a new reference sequence)

not yet sequenced genome

reads

contigs

reconstructed (assembled) genome

Image: Commins, J., Toft, C., Fares, M. A (2009) 



Coverage is the number of individual mapped reads that support a  
particular nucleotide in a reference sequence

coverage is often referred to as 
‘depth’ or ‘depth of coverage’

This T at position 1430 in the reference sequence has 4x coverage



Coverage is also used to describe the fraction of a genome with >0 coverage depth

96% genome coverage (96% of bases have >0x coverage) 
3.4x average coverage depth (range 0-9x)

reads from human oral swab RNA aligned to a coxsackie virus genome

hand foot and mouth disease

(Mayo clinic)



Applications of mapping

• Quantification: using reads for counting: sequence itself not important per se

• RNA-seq: reads mapping to a particular transcript proportional to its abundance in the sample

• ChIP-seq: coverage levels proportional to binding of proteins to DNA sequences


• Variant identification 
• Single nucleotide variants (SNVs aka SNPs)

• Structural variants

• Consensus-changing or sub-consensus


• Remove sequences of specific origins

• Contaminating organisms 

• Plasmid

• Organellar



There are variants in the reads relative to the co reference sequence:  
these differences are the basis for ‘variant calling’

reads from human oral swab RNA aligned to a coxsackie virus genome

hand foot and mouth disease

(Mayo clinic)

mismatches between reads and the reference sequence 



Mapping can be used to remove reads that derive from an organism you don’t care about

You can sequence everything and use a mosquito reference genome to remove all the mosquito reads

leaving reads from all the other non-mosquito organisms

mosquito-associated microbiota



Mapping Exercise

Work in pairs to map reads to the provided ‘genome’




Questions to consider while doing this mapping exercise 
  
Coverage 
What was the (approximate) average coverage depth?

What was the maximum coverage depth?

What was the minimum coverage depth?

Was coverage across the ‘genome’ even?

What percent of the genome was covered by at least one read?

  
Mapping 
Were all of your reads mappable?

Where did the unmappable reads come from?

In a real sequencing dataset, why might there be unmappable reads?

What fraction (approximately) of reads mapped unambiguously (uniquely)?

Did you identify any sequencing errors?

Did you identify any variants (SNPs)?

  
Speed 
What was your mapping speed (how many reads per minute did you map)?

How do you think that speed compares to the speed of mapping software like bowtie or bwa?  

Could you have mapped faster with more workers in your group?
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Unmapped reads:

Uniquely mapped
Ambiguously mapped

59 reads: 
• 57 mapped (97%): 

• 32 mapped uniquely (54%)
• 2 unmapped (3%)

Coverage: 
• 57 mapped reads x 10 ‘bases’ / read = 570 

bases of data
• 570 base / 150 base genome  = 3.8x avg 

coverage



Mapping tools like bowtie2 map fast! 



Like airport security, computers can run tasks in parallel to make jobs go faster

Jobs awaiting processing

Done being processed   😀



Mapping tools map fast because they pre-index reference sequences

Indexes help you find things faster

chocolate chip 
cookies on page 

766

BLAST databases are another example of pre-built indexes



Mapping  
(bowtie2)

Reads

(Or existing sequences) Does each read map?


Where on the ref. seq. does it map? 

How well does it map?

Pre-built index

Index building  
(bowtie2-build)Reference sequence(s) Pre-built index


Only need to build once

Mapping software includes tools to build the index



Bolzer et al (2005) PLoS Biol

Alu sequences in the human genome 
1 million copies, ~10% of the mass

Reads might map to more than one location in a genome


This is especially a problem for reads that derive from repeat elements 


If you had a read derived from an Alu sequence,  
which of these million copies should you map it to?

??



Mapping tools like bowtie2 have options that define how they will deal with ambiguously mapping reads 

and provide information about whether a read mapped uniquely or not

From: http://bowtie-bio.sourceforge.net/bowtie2/manual.shtml

Mapping quality measures whether a read maps uniquely or not



Mapping quality scores are like basecall quality scores in FASTQ files

Quality score = -10 log10 (p)

Basecall Q score = -10 log10 (probability baseball is incorrect)

Mapping Q score = -10 log10 (probability that the read is not mapped to its true location)

Q score P

10 0.1 = 1/10

20 0.01 = 1/100

30 0.001 = 1/1,000

40 0.0001 = 1/10,000



bowtie2 mapped reads from Drosophila melanogaster to the D. melanogaster reference genome

47% of reads mapped uniquely

10% of reads didn’t map, what are these?

42% of reads mapped 

non-uniquely



The output of mapping software is SAM format files

Header lines, start with @, provide info about the reference sequences and the mapping software used

SAM column Info
1 The read’s name
3 The mapped-to reference sequence name
4 Position in the reference sequence where the read maps
5 Mapping quality score
6 Whether there are mismatches to the reference sequence
10 The read’s sequence
11 The read’s basecall quality scores

After header lines, one line per mapped read, with  11 columns separated by tabs 



SAM files are used as input to downstream tools that use mapping data

SAM 

Convert to BAM (compressed binary SAM) 

Quantify coverage depth

Filter reads mapped to a particular chromosome

samtools 

lofreq 

featureCounts 

Variant calling

Tabulate mapping read counts (e.g. to transcripts for RNA-seq)


