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Motivation: Read Mapping to
Reference Genomes
» DNA sequencing

LAGCTGCCATTGCT...

L

adenine guanine thymine cytosine




Motivation: Read Mapping to
Reference Genomes

» Read mapping (aligning) to reference
genome: matching shorter sequences (reads)
to a longer reference sequence

Genome

E— ~Reads

Ref.

TCAGTCGTAATATACG—— TAAGCCATGCGCTCGTACGTTAC
ATGTGCTAA — AT




Edit Distance and Q-Gram
Distance

» Edit Distance: Minimal nhumber of edits
(insertions, deletions, substitutions) required
to transform one character string into
another.

» Q-Gram Distance: L1 norm of the difference
of the g—gram profiles
> Example: AAA (faa:2) and AAG (fan: 1, fac: 1), g-
gram distance of 2




Edit Distance and Q-Gram
Distance
» QD < 2gED

Frequency

|
0 ED 2qED

Q-Gram Distance

.



K-Indel Problem

k-deletion
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» L1(s,t) = g-gram distance between s and t
» Probability of L1(s,t) = 0? L1(s,t) = 2x?




1-Gram Case
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1-Gram Case
P|Li(s,t) = 2x|ED(s,t) = k,onedeletion)
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» Simplifies to...
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2-Gram Case: Previous Attempts

k-deletion

S
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» 1-gram case as an upper bound
» 2-gram as independent

» 2—-gram frequency vector as a state for a
Markov Chain




2-Gram Case: Eulerian Graphs

» AGGTCTCA

.



2-Gram Case: Eulerian Graphs

» BEST Theorem

ec(G) = t.,(G) | [ (deg(v) = 1)!

veV

» Requires some modification
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2-Gram Case: Eulerian Graphs

» Example: AGGTCTCA

» Using ec*(G), # of sequences with the same
2—-gram composition = 2

» Using 1-gram upper bound, # of sequences
with the same 1-gram composition = 2520




2-Gram Case: Eulerian Graphs
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Further Investigation

» Refine the Eulerian graph approach
» Generalize to L1(s,t) # 0
» Generalizeto q > 2

» Generalize to other cases of modified strings
(>1 indel, mismatches)
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