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Outline
Genome Assembly output

Metrics for Genome Assembly

QUAST : quality assessment tool for genome assemblies

How to compare the quality of assemblers ?
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Contig & Scaffold

scaffold1

contig1 contig2 contig3

Paired reads

NNN NNN

NNN NNN

• Contig : (from contiguous) is a set of overlapping DNA 
segments that together represent a consensus region of 
DNA

• Scaffold : several contigs stitched together with NNNs in 
between
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https://en.wikipedia.org

Contigs : FASTA-format
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>contig_2001
AGCACCTAGAGCAGGATGGGAGGTCTCTCCTTGCTGTGGCAGAGGCAGATCTCCTTTCCC
AACACCTAGCAGTATGAACTAGTGAGCTCCTGACTGTTTTCCAGTGGTAATGAGGTGTGA
CCCGCTGCAGCTGCACACTGAATTCTCTCAGTTCCCCGAGGCCAGCCCAGCAGTGTGGGC
AATGCTTTGTTTGTGTGCTGTTGACCATTCC
>contig_2002
GTCTGCACTGGGAATGCCCCCTGGAGCAGAACCATTGCCATGGATAAGGACACTACATTT
CCTGGTGTTAAGGTGAATATAACCTCCAGGTTAAGGATGACATTAATTTCAATTACAGCT
TGCCTCTTGTAAGCTAAGCAGTTAATCAACAAGCTATACTGTGACTACACCCTTAGATCA
ATAGCTGGGAAAACATCACCTCCCCCAAATACTCCACCTCTTAACTGCACTCTTTGAAAG
AAGTACAGGCCAGAGTTTAGCTGATCCATCCCTGTGGCTAATCGTCCTGCTTACAAGCTG
CAATATTTTTTAAAACCAGACAATTGGTAGAGGTTTAAACATCAGCCAAGCTGTTCAATT
TACAGCAGGTTAAGCATTCCTGAAACTGTGATCACTGATATATTTGGGTCAGTCAGATGT
CTTGTTAGTGCTT
>contig_2003
ACAAACAAAACAAAATAAAACAAAGGAAACAAGCAAAAAAAACCATCATACAATCCCATG
TGTCCAAGAGCTTTACTGTGAAATCAACTATGGAGTCAAAACAATAGAAAAGCTTCCAGA
TTTCTGTATTCCAGGCTGAGACAAGTTTGTAAATACTTCCAGAAATTGCCAACAAGCCTG
CAGGGTAACATCTCTAATGCACACCTCCCTGATACGAAATGCAGAGCACCTTAACTTCTT
CAGCCCTCCCCCAGTCACAACCAGCTATAAATCCTGCCCTTCACTTGTTGGAATATCTCA
TCATAAGGGAAGCATTTTTTAGGCTGAGAAATACAAATCCACCTTGACGGAGCCGGTCAG
GCATATACATGGGCTATGCTGCTGATAGGTTTGTACCAAGCACTCCTAGTGTGAGAATAA



scaffold : FASTA-format
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>scaffold_1
AGCACCTAGAGCAGGATGGGAGGTCTCTCCTTGCTGTGGCAGAGGCAGATCTCCTTTCCC
AACACCTAGCAGTATGAACTAGTGAGCTCCTGACTGTTTTCCAGTGGTAATGAGGTGTGA
CCCGCTGCAGCTGCACACTGAATTCTCTCAGTTCCCCGAGGCCAGCCCAGCAGTGTGGGC
AATGCTTTGTTTGTGTGCTGTTGACCATTCCNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
GTCTGCACTGGGAATGCCCCCTGGAGCAGAACCATTGCCATGGATAAGGACACTACATTT
CCTGGTGTTAAGGTGAATATAACCTCCAGGTTAAGGATGACATTAATTTCAATTACAGCT
TGCCTCTTGTAAGCTAAGCAGTTAATCAACAAGCTATACTGTGACTACACCCTTAGATCA
ATAGCTGGGAAAACATCACCTCCCCCAAATACTCCACCTCTTAACTGCACTCTTTGAAAG
AAGTACAGGCCAGAGTTTAGCTGATCCATCCCTGTGGCTAATCGTCCTGCTTACAAGCTG
CAATATTTTTTAAAACCAGACAATTGGTAGAGGTTTAAACATCAGCCAAGCTGTTCAATT
TACAGCAGGTTAAGCATTCCTGAAACTGTGATCACTGATATATTTGGGTCAGTCAGATGT
CTTGTTAGTGCTTNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
ACAAACAAAACAAAATAAAACAAAGGAAACAAGCAAAAAAAACCATCATACAATCCCATG
TGTCCAAGAGCTTTACTGTGAAATCAACTATGGAGTCAAAACAATAGAAAAGCTTCCAGA
TTTCTGTATTCCAGGCTGAGACAAGTTTGTAAATACTTCCAGAAATTGCCAACAAGCCTG
CAGGGTAACATCTCTAATGCACACCTCCCTGATACGAAATGCAGAGCACCTTAACTTCTT
CAGCCCTCCCCCAGTCACAACCAGCTATAAATCCTGCCCTTCACTTGTTGGAATATCTCA
TCATAAGGGAAGCATTTTTTAGGCTGAGAAATACAAATCCACCTTGACGGAGCCGGTCAG
GCATATACATGGGCTATGCTGCTGATAGGTTTGTACCAAGCACTCCTAGTGTGAGAATAA

Metrics for Genome Assembly
Number of contigs / scaffolds

Total size of contigs / scaffolds

Longest contig / scaffold

%Ns

N50 / N90 contigs / scaffolds length
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N50 - a measure of  contiguity 

>contig1
TTTATGTCCGTAGCATGTAGACATATGGCAGCATG   35 bp               35
>contig2
AGTCTTGAGCCGAATTCGTGGCATG                           25 bp    35+25=60 (>50)
>contig3  
GTTGGAGCTATTCAGCGTAC                                       20 bp         N50 = 25 bp
>contig4
ACAAATGATC                                                               10 bp
>contig5
CGCTTCGAAC                                                               10 bp
                                                                                     100 bp total
                                                              50% of total = 50

L50 = number of contigs that include 50% of the assembly. Here, L50 = 2

Other measurements : N90, L90
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N50 = contigs of this size or larger include 50 % of the assembly 

NG50 : compared with genome size 
rather than assembly size  

• N50 is calculated in the context of the assembly size rather than genome size
• Comparisons of N50 values derived from assemblies of significantly different 

length are usually not informative, even if for the same genome
• The new measure called NG50 is defined by the authors of the Assemblathon 

competition
• NG50 is the same as N50 except that it is 50% of the known or estimated 

genome size
• More meaningful  comparisons between different assemblies
• In the typical case that the assembly size is not more than genome size then 

NG50 will not be more than the N50 
• LG50 is the number of contigs that include 50% of the genome
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QUAST: quality assessment tool 
for genome assemblies
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QUAST
Metrics 

1. Contig sizes 

No. of contigs

Largest contig

Total length

Nx :                            The largest contig length, L, such that using 
contigs of                    accounts for at least        of the bases of the 
assembly

NGx, Genome Nx: The contig length such that using equal or longer 
length contigs produces        of the length of genome
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(0 ≤ x ≤ 100)
length ≥ L x %

x %



QUAST Metrics (cont)
2. Misassemblies and structural variations 

Evaluate them only with respect to a known reference 
genome

No. of misassemblies

No. of misassembled contigs

Misassembled contigs length

No. of unaligned contigs

No. of ambiguously mapped contigs
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QUAST Metrics (cont)
3. Genome representation and its function elements  

Most of these require a reference genome

Genome fraction (%) : the total number of aligned bases in reference, divided by 
genome size

Duplication ratio : the total number of aligned bases in the assembly (total length - 
unaligned contigs length), divided by total number of aligned bases in the reference

GC (%) : total number of G and C in the assembly, divided by the total length of 
assembly (without reference genome)

No. of mismatches per 100kb

No. of indels per 100kb

No. of genes (complete an partial)

No. of operons

No. of predicted genes
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QUAST metrics (cont)
4. Variations of N50 based on aligned blocks  

Require a reference genome

NAx (A stands for aligned, x range from 0 - 100)

Break contigs into aligned blocks (if there are unaligned regions 
within a contig, these regions are removed , and the contig is split 
into blocks

Compute the Nx statistics based on these blocks instead of on the 
original contigs 

NGAx 

Break contigs into aligned blocks

Compute the NGx statistics on these blocks
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QUAST : Web Interface 
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http://quast.bioinf.spbau.ru



QUAST Command line 
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[user@agcipher ~]$ /share/apps/quast-5.0.0/quast.py test_data/contigs_1.fasta 
test_data/contigs_2.fasta -R test_data/reference.fasta.gz -G test_data/
genes.gff -o Test_QUAST
WARNING: Option -G is deprecated! Please use --features to specify a file with 
genomic features.
If you want QUAST to extract only a specific genomic feature from the file, 
you should prepend the filepath with the feature name and a colon, for 
example:
--features CDS:genes.gff --features transcript:transcripts.bed
Otherwise, all features would be counted:
--features genes.gff

/share/apps/quast-5.0.0/quast.py test_data/contigs_1.fasta test_data/
contigs_2.fasta -R test_data/reference.fasta.gz -G test_data/genes.gff -o 
Test_QUAST

Version: 5.0.0

System information:
  OS: Linux-3.10.0-514.26.2.el7.x86_64-x86_64-with-centos-7.4.1708-Core 
(linux_64)
  Python version: 3.5.5
  CPUs number: 144

Started: 2018-08-04 18:19:39

QUAST : Evaluation results
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QUAST : report in html 
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QUAST
Comparing assemblers 

Comparison of assemblies of a single-cell sample of E.coli (for 
contigs >= 200 bp)

�18



Q & A
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