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Illumina sequencing

http://seq.molbiol.ru1: normal extension -> no dephasing
2: nucleotide not incorporated -> negative dephasing on next cycle
3: incorporated nucleotide has no terminator -> positive dephasing
4: incorporated nucleotide has no fluorophore and terminator -> positive dephasing
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Illumina error profiles
• Coverage variation

• bias of PCR - secondary structures in ssDNA

• lower coverage in AT-repeats

• Miscalls

• more substitution-type than indel-type miscalls

• more frequent in first and last cycles

• more frequent in GC-rich regions

• A->C and C->G are observed more often than others

• Read quality significantly lower in later cycles (lagging-strand dephasing)



Sequence specific errors 



SSE positions

• Searching for sequence specific error positions

• mismatches in >30% of reads in same direction

• 4 other such mismatches in 40bp downstream

• no mismatches in 40bp upstream



SSE positions

• 547 SSE positions identified in B. subtilis genome

• (C/T)GGC(G/T) in most SSE positioins

• Some SSE positions close to inverted repeats



SSE mismatch patterns

• A mismatched base in SSE region was often similar to 
a preceding reference base

• SSE mismatch conversion is influenced by GC content



SSE mismatches

• Particular sequence positions 
are associated with low base-
call quality and high mismatch 
rate 

• Miscalls in sequencing/base 
call quality ratio get worse in 
later cycles -> SSE comes more 
evident with increasing 
Illumina sequencers read 
length



SSE mechanisms

• Long inverted repeat enhances folding of ssDNA

• Similarity between GGC/inverted repeats mismatch 
patterns suggest the same mechanism

• Preference of DNA polymerase is most likely to be 
responsible



Mechanism: inverted repeats



Mechanism: GGC sequence



Problems inherent to SSE
• Read depth coverage decreases 

in SSE regions (mismatches)

• SSE may cause false SNP calls

• Gaps in assembled sequences



THANKS!


