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Types of genome assembly
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Reference-based genome assembly

Reconstruct a genome by aligning/mapping sequencing 

reads to a known well-annotated genome (the reference)

De novo genome assembly

Reconstruct a genome from sequencing reads w/o using 

any reference genome

Reference-guided assembly for long reads
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Key steps of reference-based assembly
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Map reads to ref genome

Generate consensus &

assemble the genome

Call variant
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Mapping reads to reference genome
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BWA (a popular read-mapping tool) creates index of 

reference genome using Burrows-Wheeler transform

During read alignment, BWA breaks a read into 

overlapping k-mers, and uses k-mers as “seeds” to 

search the index for match positions

BWA then extends the alignment from seed locations to 

find best alignment

K-mers, Burrows-Wheeler 

transform, and BWA will be the 

subjects of next sessions
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Alignment 
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Alignment is the process of comparing DNA sequences 
to identify similarities, differences, or regions of interest

ACAATCC A_CAATCC

AGCATGC AGCA_TGC
alignment

match

mismatch

indel
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K-mers
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A k-mer is a contiguous sequence of k nucleotide bases

K-mers provide a balance between sensitivity and 

efficiency in many bioinformatics applications 

Referenced-based assembly methods like BWA use k-

mers extensively for mapping reads to the reference 

genome
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Consensus generation
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ATCGTAC          ATCGTAC

ATCCTAC          ATCCTAC ATCGTAC

ATCGCAC          ATCGCAC

Usually, a consensus sequence represents the most 

common base at each position. If there is a tie, any of 

the tied bases can be chosen

But other representations are often used as well. E.g., 

for a diploid genome, we might use ATC[G/C][T/C]AC 

as the consensus

alignment consensus
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Advantages compared to de novo assembly
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Faster and less resource intensive

More accurate in regions with high similarity to the ref

Suitable for species with well-characterized genomes

Using the same ref provides a standardized framework 

for genome analysis & comparison across studies
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Key limitation
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A suitable well-annotated reference genome is a pre-

requisite for reference-based genome assembly

Works well for model organisms and humans

Inapplicable for assembling the genome of an organism 

that is too different from the above

De novo assembly has to be used in such a case
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Other challenges to reference-based 
assembly
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Genome variability

Introduction of bias

Incomplete or 

unmapped regions

Dynamic genomic 

regions
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Best practices
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Quality control

Thoroughly check quality of raw sequencing data

Trim low-quality bases, remove adapters, and filter reads 

that do not meet predefined quality standards

Reference genome selection

Choose a ref genome closely related to the target species

Be mindful of the quality and representativeness of the ref; 

biases may be introduced if ref is not suited to the target
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Popular tools

Check these out 

yourself
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Popular data 
formats

Check these out 
yourself
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I got ChatGPT to generate 
some example data …
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Example: FASTA
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Example: FASTQ
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Example: SAM (simplified!)
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Position in ref

Mapping quality

CIGAR

The read
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CIGAR string

18

Provide info about how a sequencing read aligns to the ref
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Example: CIGAR string
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Must read

The Bowtie paper

B. Langmead et al, “Ultrafast and memory-efficient alignment of short DNA 
sequences to the human genome”, Genome Biology 10:R25, 2009. 
https://genomebiology.biomedcentral.com/articles/10.1186/gb-2009-10-3-r25

The BWA paper

H. Li & R. Durbin, “Fast and accurate short read alignment with Burrows-Wheeler 
transform”, Bioinformatics 25(14):1754-1760, 2009. 
https://academic.oup.com/bioinformatics/article/25/14/1754/225615

The Stampy paper

G. Lunter & M. Goodson, “Stampy: A statistical algorithm for sensitive and fast 
mapping of Illumina sequence reads”, Genome Research 21:936-939, 2011. 
https://genome.cshlp.org/content/21/6/936
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