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Overview Institut

m Purpose: Mapping of DNA reads to a reference

m Input:
o DNA reads := Sequence of nucleotides with a length of 100 bp up to some 1 kbp
o Reference genome := Blueprint for alighment of DNA reads

m Output: Mapped DNA reads

m Bear in mind:
Reconstruct the

o Less fraction in DNA reads, i.e. longer reads, allows more precise alighment Genome: Alignment
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o Reference from same origin Improves mapping quallty
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Needleman-Wunsch Algorithm Institut
m Global alignment strategy
m Alighment score is defined by the value in the most lower right cell of the matrix
m Needleman, S. B. and Wunsch, C. D. (1970). “A general method applicable to the

search for similarities in the amino acid sequence of two proteins” in “Molecular

Biology”, 48(3): 443-53
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m What is the best global alignment for sequences CTG and ACTGC?
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Needleman-Wunsch Algorithm

Matrix Initialization

= M(0,0)=0
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Needleman-Wunsch Algorithm

Matrix Initialization
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Needleman-Wunsch Algorithm Hasso
Fill Matrix Institut
m Weight function w(a,b):={+1ifa==Db, -1 else
m D(i,j) defines value of matrix at coordinates (i,j)
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Needleman-Wunsch Algorithm Hasso
Fill Matrix Institut
m Weight function w(a,b):={+1ifa==Db, -1 else
m D(1,1) := maximum of
@ D(0,0)+w(AC0)=0+(-1)=-1
@ D@A,0)+w(A-)=-1+(1)=-2
@ D(01)+w(-0)=-1+(-1)=-2
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Needleman-Wunsch Algorithm

Fill Matrix

m Weight function w(a,b):={+1ifa==Db, -1 else

m D(1,1) := maximum of

@ D(1,0)+w(A-)=-1+(-
+w(-0)=-1+(-
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Needleman-Wunsch Algorithm

Fill Matrix

m Repeat for all D(i,j) until matrix is filled

m Bear in mind: Filling the matrix can be performed in parallel

0 -1 -2 -3 -4 -5
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Needleman-Wunsch Algorithm Hasso
Determine Best Global Alighment Institut
m Trace path back from D(m,n) to origin D(0,0)
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Needleman-Wunsch Algorithm

Determine Best Global Alignment

m Reference: ACTGC 4m Match
m Alighment: -CTG- 4= Mismatch
m Score of the alignment is: 1 @ Gap

m Bear in mind: Backtracing can be performed in parallel
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Selected Alignment Algorithms
Smith-Waterman Algorithm

m Determine optimal local alignments

m Adaption of Needleman-Wunsch algorithm
o Initialize all cells within first row and column with zero
o Alignment score is defined by highest value somewhere in the matrix

o Backtracing from cell with alignment score to first cell containing zero

m Smith, T. F. and Waterman, M. S. (1981). “Identification of Common Molecular
Subsequences” in “Molecular Biology”, 147: 195-7/.
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m What is the best local alignment for sequences CTG and ACTGC?
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Smith-Waterman Algorithm

Matrix Initialization

= M(0,0) = M(1,0) = M(0,)) =0|0<i<m,0<j<n
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Fill Matrix Institut
m Weight function w(a,b):={+1ifa==Db, -1 else
m D(i,j) defines value of matrix at coordinates (i,j)
- A c T G _C

0 0 0 0 0
Reconstruct the

Genome: Alignment
Schapranow, Nov 2016

o O O O

17




Hasso
Plattner
Institut

Smith-Waterman Algorithm

Fill Matrix

m D(1,1) := maximum of

D(0,0) +w(AC)=0+(-1) =
D(1.0) + w(A,-) =0 + (-1)
D0,1)+w(-C)=0+(-1)=

-1
-1
-1
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Smith-Waterman Algorithm
Fill Matrix

m D(1,1) := maximum of
@ D(O,0)+w(AC=0+(1)=
@ D(1,0)+w(A-)=0+(-1)
® DO1)+w(-C)=0+(1)=

-1
-1
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Smith-Waterman Algorithm

Fill Matrix

m Repeat for all D(i,j) until matrix is filled

m Bear in mind: Filling the matrix can be performed in parallel
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Smith-Waterman Algorithm

Determine Local Alignments

m Trace path back from max(D(i.j)) to first D(i,j) = O

-
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Determine Local Alighments Institut
m Reference: ACTGC 4m Match
m Local alignment: CTG 4= Mismatch
m Score of the alignment is: 3 @ Gap
m Bear in mind: Backtracing can be performed in parallel for multiple local optima
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Burrows-Wheeler Aligner Institut
m Alignment of short read against long reference sequence
m Uses Burrows-Wheeler Transform (BWT) to optimize search
m Output of BWT supports compression as it contains repeated characters
m Li, H. and Durbin, R. (2009). “Fast and accurate short read alignment with Burrows-

Wheeler transform” in “Bioinformatics”, 25(14): 1754-60
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Selected Alignment Tools % Hasso
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m BWA: Smith-Waterman + BWT to keep memory footprint low

m Bowtie: Similar to Smith-Water/Needleman-Wunsch + BWT

m HANA Aligner (based on IMDB): BWA + FM index/BWT to speed-up match detection

m |saac (commercialized by Illlumina): Smith-Waterman

m Torrent Mapping Alignment Program (TMAP) (commercialized by lonTorrent): Smith-

Waterman + FM index/BWT
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What is Next?

m How to handle gaps/mismatches in the alighed genome?
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