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Supplementary figure 1

Examples of typical structures in de Bruijn graphs arising from genetic variation. (a) shows a simple SNP, �rst 

as sequence, then broken down into successive 4-mers, and �nally converted into a line-representation of the 

graph. This example conforms to the generic case, where a SNP forms a bubble of length k. In regions of low 

complexity, it is possible for a SNP to form a bubble of length <k, or even more than one bubble, as shown in 

(b). If variants are clustered closely they form a single compound bubble, as shown in (c), where two SNPs and 

a deletion combine to form one bubble. Finally, in (d), an example is given of a polymorphism that overlaps 

with another part of the genome (at k-mer GCTC), thus forming a confounded bubble.
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Supplementary figure 2

reference

start flank

end flank

sample

ba

Key steps in the Path Divergence caller algorithm. The sample de Bruijn graph is 

shown in black. As the reference-path (red) is followed, we identify the point a, where 

the reference breaks away from the sample, and a 5-prime flank (yellow) is noted. 

Since the sample graph has an unbroken supernode as far as b, this sequence is all 

taken as the alternate allele, and therefore the desired 3prime flank is marked (in 

green). The reference path is then followed until it returns to hit the green flank, at 

which point we have determined the reference allele. The algorithm is not affected by 

the reference allele touching other parts of the sample or reference graphs (black 

dotted).
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Supplementary figure 3

..GTATGACCATTAA..

    ATGATCATT

    ACGACCATT

sequence:

Error in middle of read:

Error near end of read:

ACGA

ATGA TGAC GACC ACCA CCAT CATT.. ATTA TTAA ..

CGAC

TATGGTAT

ATGA TGAC GACC ACCA CCAT CATT.. ATTA TTAA ..TATGGTAT

TGAT GATC ATCA TCAT

a

b

(v)

(iii)

(iv)

(vi)

(ii)

(i)

Errors and error-cleaning. (a) A single error that occurs once in the middle of a read is able to form 

a complete bubble (provided k is less than half the read-length), whereas an error at the start or 

end of a read must form a tip. (b) The effect on a graph of different error-cleaning strategies; true 

sequence is marked in blue, errors in red, and low coverage (=1) marked with dotted lines. In the 

graph as it stands, there are two callable bubbles: (i) is a true variant, whereas (ii) is due to a 

repeated error at a monomorphic site (coverage is higher at monomorphic sites, and repeated 

errors more likely). If we remove tips, very little is affected except for the tip marked (iii). If we were 

to remove all nodes with coverage 1, then we would remove the false branch (iv) at the price of 

creating a gap in the middle of the real allele at (iv), and in a real contig at (v), and the false bubble 

(ii) remains. However, if we remove entire supernodes if all nodes within have coverage 1 

(“relaxed” cleaning), then the true allele at (iv) is preserved (for moderate coverage, it is very 

unlikely there would be low coverage on the whole allele) while the false one is deleted, and the 

low coverage segment at (v) is preserved. This still leaves the error at (ii) and the supernode at 

(vi) which confounds a true bubble by connecting with another part of the genome. If the maxi-

mum coverage on the error supernodes (ii) and (iv) is 2, then “stringent” cleaning (removing 

supernodes with coverage everywhere ≤2) eliminates these errors and makes visible the variant 
bubble at (vi).
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Genome complexity (fraction of cases where a variant generates an unconfounded 

bubble) for SNPs in the human genome (black) and in the context of chromosome 1 

only (blue; used for simulations).  At k=21, 51% of possible SNPs are callable, rising to 

92% at k=75. In contrast, for chromosome 1 (treated as a genome in its own right), for 

k=21, 69% of possible SNPs form unconfounded bubbles. As k increases the complexi-

ties of chromosome 1 and the whole human genome approach each other.
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Supplementary figure 5
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Comparison of predicted sensitivity and simulation results for homozygous and 

heterozygous variants of different sizes (Small: 1-100bp, Medium: 100bp-1kb, 

Large: 1001bp-50kb). Estimation of genome complexity for longer variants is more 

difficult than for SNPs, but nevertheless, the predictions (dotted lines) do approxi-

mate the simulation results. For SNP (blue) and small (1-100bp) indels (red) the 

correspondence is close, and improves with kmer, as the effect of long-range inter-

actions between errors is reduced, and the estimate of genome complexity is better.   

Simulations have 30x 100 bp reads and include errors as described in the Methods.
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Supplementary figure 6
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Comparison of predicted and actual power to detect SNPs in simulations with-

out errors. For low k-mer sizes, simulations and predictions both show that sen-

sitivity attains the theoretical maximum (black), corresponding to the genome 

complexity function  . As k increases, so does the theoretical maximum, but 

effective coverage drops, driving a reduction in sensitivity. Increasing sequence 

coverage can compensate for high k-mer values, and pushes sensitivity up to 

the theoretical maximum, for all k-mer values. This figure contrasts strongly 

with Figure 2 where for k-mer size below half the read-length, increasing cover-

age leads to reduced sensitivity; a result driven by sequencing errors. The 

curves in this figure represent a theoretical maximum achievable for error-

correction algorithms.
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