Approximate matching

Read
CTCAAACTCCTGACCTTTGGTGATCCACCCGCCTAGGCCTTC

Reference

GATCACAGGTCTATCACCCTATTAACCACTCACGGGAGCTCTCCATGCATTTGGTATTTT
CGTCTGGGGGGTATGCACGCGATAGCATTGCGAGACGCTGGAGCCGGAGCACCCTATGTC
GCAGTATCTGTCTTTGATTCCTGCCTCATCCTATTATTTATCGCACCTACGTTCAATATT
ACAGGCGAACATACTTACTAAAGTGTGTTAATTAATTAATGCTTGTAGGACATAATAATA
ACAATTGAATGTCTGCACAGCCACTTTCCACACAGACATCATAACAAAAAATTTCCACCA
AACCCCCCCTCCCCCGCTTCTGGCCACAGLEA ™ vmmmine IeTCTGCCAAACCCCAAAA
ACAAAGAACCCTAACACCAGCCTAACCr =7 TTTGGCGGTATGCAC
TTTTAACAGTCACCCCCCAACTAACA 1 I CCATACTACTAAT
CTCATCAATACAACCCCCGCCCATSF .1
CCCCGAACCAACCAAACCCCAAACG © y
GCAATACACTGACCCGCTCAAAC ¢ TTTTGGATC
CTAGCCTTTCTATTAGCTCTTAG A TTACACATGCAAGCA!
TCACCCTCTAAATCACCACGATC AAAGGAACAAGCATCAAGCACGY
AAAACGCTTAGCCTAGCCACACCY CACGGGAAACAGCAGTGATTAA
ACGAAAGTTTAACTAAGCTATACT, AL CCAGGGTTGGTCAATTTCG
GGTCACACGATTAACCCAAGTCAAT. GACCCGGCGTAAAGAGTGT
TCCCCAATAAAGCTAAAACTCACCTGH AL |
TACGAAAGTGGCTTTAACATATCTGAA AG GGATTAGA
TACCCCACTATGCTTAGCCCTAAACCTCAA GCCAGAA
CACTACGAGCCACAGCTTAAAACTCAAAGGACCTGGCGGTGCTTCA
AGCCTGTTCTGTAATCGATAAACCCCGATCAACCTCACCACCTCTTGC
CCGCCATCTTCAGCAAACCCTGATGAAGGCTACAAAGTAAGCGCAAGTA
ACGTTAGGTCAAGGTGTAGCCCATGAGGTGGCAAGAAATGGGCTACATTTT
AAAACTACGATAGCCCTTATGAAACTTAAGGGTCGAAGGTGGATTTAGCAGTA
AGTAGAGTGCTTAGTTGAACAGGGCCCTGAAGCGCGTACACACCGCCCGTCACCC
AAGTATACTTCAAAGGACATTTAACTAAAACCCCTACGCATTTATATAGAGGAGACA
CGTAACCTCAAACTCCTGCCTTTGGTGATCCACCCGCCTTGGCCTACCTGCATAATGA
AAGCACCCAACTTACACTTAGGAGATTTCAACTTAACTTGACCGCTCTGAGCTAAACCTA
GCCCCAAACCCACTCCACCTTACTACCAGACAACCTTAGCCAAACCATTTACCCAAATAA
AGTATAGGCGATAGAAATTGAAACCTGGCGCAATAGATATAGTACCGCAAGGGAAAGATG
AAAAATTATAACCAAGCATAATATAGCAAGGACTAACCCCTATACCTTCTGCATAATGAA
TTAACTAGAAATAACTTTGCAAGGAGAGCCAAAGCTAAGACCCCCGAAACCAGACGAGCT
ACCTAAGAACAGCTAAAAGAGCACACCCGTCTATGTAGCAAAATAGTGGGAAGATTTATA
GGTAGAGGCGACAAACCTACCGAGCCTGGTGATAGCTGGTTGTCCAAGATAGAATCTTAG

TTCAACTTTAAATTTGCCCACAGAACCCTCTAAATCCCCTTGTAAATTTAACTGTTAGTC
CAAMADACACCAACACCTCTTITCCACACTACGCCAAAAAACCTTCTACACACACTAAAAAATTTA

CCTCCTCAAA
TGGCCTAAA
CCAGTGAGT

Differences between read and
reference occur because of...

1. Sequencing error

2. Natural variation



Approximate matching

I:GGAAAAAGAGGTAGCGGCGTTTAACAGTARG

T ]
P.GTAACGGCG

|

Mismatch
(Substitution)




Approximate matching

I:GGAAAAAGAGGTAGC-GCGTTTAACAGTARG

EREEEEEE
P.GTAGCGGCG

T

Insertion




Approximate matching

I:GGAAAAAGAGGTAGCGGCGTTTAACAGTARG

| BEEEN
P.GT-GCGGCG

T

Deletion




Hamming distance

For X& Y where | X|=|Y|, hamming distance =
minimum # substitutions needed to turn one into the other

X:GAGGTAGCGGCGTT
e e

YGTGGTAACGGGGTT

AAC

||
AAC

Hamming distance = 3



Edit distance

(AKA Levenshtein distance)

For X &Y, edit distance = minimum # edits (substitutions,
insertions, deletions) needed to turn one into the other

XTGGCCGCGCAAAAACAGC

e rerrrr
Y TGACCGCGCAAAA-CAGC

X:GCGTATGCGGCTA-ACGC

Lt errr o
Y'GC-TATGCGGCTATACGC

Edit distance =2

Edit distance = 2



Edit distance

For X, Y where | X |=|Y|, hamming distance = minimum #
substitutions needed to turn one into the other

For X Y, edit distance = minimum # edits (substitutions,
insertions, deletions) needed to turn one into the other



Edit distance

If | X|=|Y|what can we say about the relationship
between editDistance(X, Y) and hammingDistance(X, Y)?

editDistance(X, Y) < hammingDistance(X, Y)

X:GCGTATGCGGCTA-ACGC

AR
Y'GC-TATGCGGCTATACGC



Edit distance

If x and y are different lengths, what can we say
about editbistance(X, Y)?

editDistance(X,Y) = || X|-|Y|]|

X777

Y:? 7?7?77



X
 CAAAAACAGC

Y
. GAAAAACATA

editDistance( X[:-1], Y[:-1]) = 147



 CAAAAACAGC

04
. GAAAAACATA

p



a C

b A

edist(a, D) +1

EdiSt(aC, ﬁA) — mln{ EdiSt(aC, ﬁ) + 1
edist(a, PA)+1









edist(a, D) +1




a X

py

edist(a, D) +8(x,y)

ediSt(aX, ,8)/) — mln{ EdiSt(aX, ﬁ) 4+ 1
edist(a, By)+1

O(x,y) =0if x =y, or 1 otherwise



delt = 1 if a[-1] !'= b[-1] else 0

return min(edDistRecursive(af[:-1], b[:-1]) + delt,
edDistRecursive(a, b[:-1]) + 1,
edDistRecursive(af[:-1], b) + 1)

edist(a, D) +8(x,y)

ediSt(aX, ,8)/) — mln{ EdiSt(aX, ﬁ) + 1
edist(a, By)+1

O(x,y) =0if x =y, or 1 otherwise



edDistRecursive(“ABC”, “BBC”)
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(“ABC”, CCB)J) (“AB”, “B”) (“AB”, “BB)J)



edDistRecursive(“ABC”, “BBC”)
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(“ABC”, “BB”) (“AB”, “BB”) (“AB”, “BBC”)
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(CCABC))’ CCB.’J) (CCABJ.’, CCB)J) (CCKB)J, CCBB)J)
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edist (GCG, GCT)
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edist (GCGTATGC, GCTATACQ)



Y
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NGO 4> o0 m

= min

ledist(ax, )|
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For any pair of prefixes from X & Y, edit distance

is calculated once

Dynamic programming



Edit distance

Y
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NGO 4> 4000 m




Edit distance & approximate matching

T
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P occurs in T with 2 edits
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cytosine thymine

Human transition to transversion
ratio (AKA ti/tv) is ~2.1



GGGTAGCGGGTTTAAC

BN
GGGTAACGGGTTTAAC

Human substitution rate= 1in 1,000

GGGTAGCGGGTTTAAC

RN BEEEEEEE
GGGTA--GGGTTTAAC

Small-gap rateis = 1 in 3,000



Penalty matrix

2 | Transitions (A< G, C+T)

4 | Transversions

8 | Gaps
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edist(a, ,3) + O(X, y)

edist(ax, py) = min{ edist(ax, P)+1
edist(q, ,By) + 1

galign(Q, ,8) + p(X, y)
galign(aXx, ,8)/) = min { galign(aX, ,8) + p(X, -)
galign(Q, ﬁy) +p(-, Y)

T

Use penalty matrix
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Local alignment

Find the most similar pair of substrings from X and Y
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Local alignment

Find the most similar pair of substrings from X and Y

X he will after his sour_ fashion tell you
\ \ _his sour_

) | |
) | |
| | | |

N his_hour
Y struts_and_frets_his_hour_upon_the_stage ™ - -



lalign(a, B) +s(x, )

lalignax, By) = max { 1align@x, P) +s(x, -)

lalign(a, BY)+s(-y)
0
Alcla[T] -

Al 2(-4]-4]-4]-6
Scoring matrix: matches are Cl-4[2|-4|-4|-6
positive, differences negative |9 |41-4121-4/-6

T |[-al-al-4]2|-6

- |-6(-6]-6]-6
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