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• Primary errors from Illumina sequencers are 

substitution errors, at rates of 0.5-2.5%, with 

errors rising in frequency at the 3’ ends of 

reads.



Error correction methods

• Aim is to minimize edit distance from 

untrusted k-mer to trusted k-mer

– Trusted k-mers = high coverage, highly likely to – Trusted k-mers = high coverage, highly likely to 

occur in the genome

– Untrusted k-mers = low coverage, occuring just 

once or twice



Error correction methods

• Edit distance methods (EULER assembler)

1) determines a coverage cutoff to separate low and 

high coverage k-mers

2) corrects reads with low coverage k-mers by making 2) corrects reads with low coverage k-mers by making 

nucleotide edits to the read that reduce the 

number of low coverage k-mers until all k-mers in 

the read have high coverage



• Edit distance method treats all bases the same 

regardless of quality

– Quality values can be useful even if they only rank 

one base as more likely to be an error as anotherone base as more likely to be an error as another

• Edit distance method treats all error 

substitutions as equally likely

– Illumina technology cause certain miscalls to be 

more likely than others: A<->C; G<->T





Quake

• Specifically intended for Illumina sequencing 
reads

• For sequencing projects >15x coverage

• Uses quality values based weighting of k-mer 
counts to choose cutoff between untrusted and 

• Uses quality values based weighting of k-mer 
counts to choose cutoff between untrusted and 
trusted k-mers

• Inappropriate for applications where low 
coverage does not necessarily implicate a 
sequencing error (metagenomics, RNA-Seq, ChIP-
Seq)



Quake pipeline (1)

• Counting the number of k-mers in the sequencing 

reads

– choose k such that 2G/4k = 0.01, which simplifies to 

k=log4200G

– for E. coli genome (5 Mbp) k=15

– for human genome (3 Gbp) k=19

– Hadoop cluster: 20 cores, 40 GB RAM, 3.6 TB local disk

• Q-mer counting: increment k-mer coverage by the 

product of the probabilities that the base calls in the 

k-mer are correct as defined by the quality values



Quake pipeline (2)

• Coverage cutoff



Quake pipeline (3)

• Localizing errors – decreases the runtime of the algorithm



Quake pipeline (4)

• Search for the maximum likelihood set of corrections that 

makes all k-mers overlapping the region trusted

• The likelihood of a set of corrections to a read is defined by a 

probabilistic model of sequencing errors incorporating the probabilistic model of sequencing errors incorporating the 

read’s quality values as well as the rates at which nucleotides 

are miscalled as different nucleotides.

• Correction proceeds by examining changes to the read in 

order of decreasing likelihood until a set of changes making all 

k-mers trusted is discovered.



O = O1,O2,...,ON

A = A1,A2,...,AN

observed nucleotides of the read

actual nucleotides of the sequenced fragment

The probability that the nucleotide at position i is 

accurate, qi is the corresponding quality value

The probability that the base call y is made for the 

nucleotide x at quality value q given that there has 

been a sequencing errorbeen a sequencing error



Cq(x,y) the number of times actual nucleotide x was 

observed as error nucleotide y at quality value q

C (x) the number of times actual nucleotide xCq(x) the number of times actual nucleotide x

was observed as an error at quality value q

N(q;u,s) the probability of q from a Gaussian 

distribution with mean u and standard 

deviation s





Accuracy (1)



Accuracy (2)

• Human genome – simulated 325M 124 bp 

reads from chr 1 (34x coverage)

• 18-mers

• Corrected 89.6% of error reads (11% more • Corrected 89.6% of error reads (11% more 

than SOAPdenovo)

• 64% less mis-corrections than SOAPdenovo

• Kept 15% less error reads than SOAPdenovo



Accuracy (3)

• More uncorrected reads in human data than 

in E. coli data is caused by repetitive elements

• 13.8% of all single base 18-mer mutations in • 13.8% of all single base 18-mer mutations in 

chr1 create another 18-mer that also exists in 

human genome (11.1% for 19-mers)



Genome assembly



SNP detection

1)

2) Korean individual (1.7 billion reads)

2% more SNPs were called. Read coverage on SNP locations 

increased 4.8% compared to uncorrected reads 



Conclusions

• Quake corrects more reads more accurately than 
previous methods

• q-mer counting, which uses quality values as a 
means of weighting each k-mer, separates trusted 
and untrusted k-mers distributions betterand untrusted k-mers distributions better

• Improves genome assembly using Velvet and 
SOAPdenovo

• Improves SNP calling

• Provides statistics to compare and analyze 
different experiments/lines/runs


