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What is genome assembly?

● Genome assembly is the process of taking individual, small DNA sequences, or reads, and 

reconstructing an organism’s genome

● Like many related genomics processes, genome assembly has become considerably faster and 

cheaper to perform in recent years

● De novo assembly, which we will focus on here, involves assembling a new genome for which there 

is no existing reference genome, i.e. “from scratch”



De novo assembly

● De novo assembly is the most common type of genome assembly for short read sequences

● It involves reconstructing an entire genome solely from overlapping sequence reads

● The quality of such an assembly depends on the size of the reads and the number of gaps between 

them

● The programs that perform de novo assemblies use either de Bruijn graphs or Overlap graphs

● This method can generate new, accurate reference sequences, even for complex genomes

● It takes more time when used to assemble longer genomes (e.g. those from eukaryotes)



Our objective

● We aim to perform de novo assembly based on 50 isolates

● To identify species from which the sequences were obtained

● Evaluate the performance of several tools relating to specific steps in the assembly pipeline

● Each tool was tested one isolate for which we had preliminary results





NGSQCtoolkit

NGSQCtoolkit is a set of perl package that can do quality control assignment, convert file format, 

trimming and statistics. We only focus on the trimming package for this time.

● Trimming packages:

● TrimmingReads.pl: Tool for trimming reads from 5’ and/or 3’ end of the read(FASTQ or FASTA 

format)

● HomoPolymerTrimming.pl: Tool for trimming 3’ end of the reads from the first base of homopolymer 

of given length

● AmbiguityFiltering.pl: Tool for filtering reads containing ambiguous bases or trimming flanking 

ambiguous bases



NGSQCtoolkit - Key value for trimming

● -l | -leftTrimBases <Integer> Number of bases to be trimmed from left end (5' end) default: 0

● -r | -rightTrimBases <Integer> Number of bases to be trimmed from right end (3' end)default:0

● -q | -qualCutOff <Integer> (Only for FASTQ files) Cut-off PHRED quality score for trimming reads 

from right end (3' end) For eg.: -q 20, will trim bases having PHRED quality score less than 20 at 3' 

end of the read Note: Quality trimming can be performed only if -l and -r are not used default: 0 (i.e. 

quality trimming is OFF)

● -n | -lenCutOff <Integer> Read length cut-off Reads shorter than given length will be discarded 

default: -1 (i.e. length filtering is OFF)



Trimmomatic
● ILLUMINACLIP: Cut adapter and other illumina-specific sequences from the read.

● SLIDINGWINDOW: Perform a sliding window trimming, cutting once the average quality within the 

window falls below a threshold.

● LEADING: Cut bases off the start of a read, if below a threshold quality

● TRAILING: Cut bases off the end of a read, if below a threshold quality

● CROP: Cut the read to a specified length

● HEADCROP: Cut the specified number of bases from the start of the read

● MINLEN: Drop the read if it is below a specified length



NGSQCtoolkit



Trimmomatic
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Reference Paper for Genome Assemblers



SPAdes 

Pros:

● High quality assemblies with high N50 value and 

small number of contigs 

Cons:

● Time consuming compared to Skeasa and Velvet

● Results are not perfectly reproducible



SGA - de novo sequence Assembler using String Graphs

• FM-index construction

• Error correction

o K-mer based

o Overlap based

• Read filtering

• Read merging and assembly

• Paired end reads/Scaffolding



SKESA- Strategic k-mer extension for scrupulous 

assemblies
Algorithm design for SKESA

● Trimming of reads

● Assembly using different k-mer sizes

● Different k-mer sizes are used so that the shorter k-mer’s can

assemble the low coverage areas of the genome and longer k-mer’s

can resolve longer repeats

● k-mer size :

○ Varies from k-minimum(default 21 or can be entered by the user) upto the

average read length in a default of 11 iterations

○ Increases upto to insert size in 3 iterations

● At every iteration for a k-mer size De Brujin graph and contigs for that

k-mer are produced and reads which are completely used up are

removed as they cannot contribute any new information.

● After k-mer size has been varied upto the average read length,

all the remaining paired reads are connected.



SKESA

Pros

● It generates k-mers that are longer than mates and up to insert size. This feature allows SKESA to 

assemble regions accurately that have repeats shorter than insert size but longer than the mate length. 

To our knowledge, all current assemblers, in contrast, only use k-mers up to the size of mates.

● Extremely fast and produces consistent results for every run

Cons

● Does not has a built in scaffolding tool



SKESA



Velvet
Pros:

● Very fast computing time relative to other assembly 

tools

Cons:

● Optimum for high coverage, very short read (25-50 

bp) datasets

● Bad at creating assemblies with optimal values for 

both N50 & L50 



Quality Assessment of Assembly Tools (w/ QUAST)



Questions?
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Error Correction



Quality Assessment of Assembly Tools (w/ QUAST)

● Can evaluate assembly quality from multiple assemblers 

without the need of a reference genome

● This tool was created from a combination of previously 

used methods & quality metrics

● Easy to read and evaluate results from HTML reports that 

include  plots

● Contains Icarus, a tool used to visualize & browse 

through contig alignment from each read simultaneously

● Contains tools to help with gene prediction for 

downstream analysis  



Quality Assessment of Assembly Tools (w/ QUAST)

Similar GC content plots in all 4 assembly tools (w/ slightly more obvserved in SPAdes)


