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Task definition



• ACGA →  AGGA

• ACGA → ACCGGAGA

• ACGGAGA → AGA
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Sequence variations
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Issues on sequence alignment
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Problematics
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What do we want to align ?
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What do we want to align ?
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How do we “score” an alignment ?
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How do we “score” an alignment ?

-   A   G   C   T 

A  10  -1  -3  -4 

G  -1   7  -5  -3 

C  -3  -5   9   0 

T  -4  -3   0   8 
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How do we “score” an alignment ?

-   A   G   C   T 
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G  -1   7  -5  -3 

C  -3  -5   9   0 

T  -4  -3   0   8 

𝑤 𝑘 = 𝑔 𝑥 𝑘



2𝑛
𝑛

=
2𝑛 !

(𝑛!)²

9

How do we find the “best” alignment ?
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Needleman & Wunsch algorithm
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Initializing the matrix

A G C

0

A

A

A

C

𝑠 𝑥𝑖 , 𝑦𝑖 = ቊ
+1 𝑤ℎ𝑒𝑛 𝑥𝑖 = 𝑦𝑖
−1 𝑤ℎ𝑒𝑛 𝑥𝑖 ≠ 𝑦𝑖

𝑤 𝑘 = −2𝑘
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Initializing the matrix

𝑠 𝑥𝑖 , 𝑦𝑖 = ቊ
+1 𝑤ℎ𝑒𝑛 𝑥𝑖 = 𝑦𝑖
−1 𝑤ℎ𝑒𝑛 𝑥𝑖 ≠ 𝑦𝑖

𝑤 𝑘 = −2𝑘

A G C

0 -2 -4 -6

A -2

A -4

A -6

C -8
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Completing the matrix

A G C

0 -2 -4 -6

A -2

A -4

A -6

C -8

𝑠 𝑥𝑖 , 𝑦𝑖 = ቊ
+1 𝑤ℎ𝑒𝑛 𝑥𝑖 = 𝑦𝑖
−1 𝑤ℎ𝑒𝑛 𝑥𝑖 ≠ 𝑦𝑖

𝑤 𝑘 = −2𝑘
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Completing the matrix

𝑠 𝑥𝑖 , 𝑦𝑖 = ቊ
+1 𝑤ℎ𝑒𝑛 𝑥𝑖 = 𝑦𝑖
−1 𝑤ℎ𝑒𝑛 𝑥𝑖 ≠ 𝑦𝑖

𝑤 𝑘 = −2𝑘

A G C

0 -2 -4 -6

A -2 1

A -4

A -6

C -8
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Completing the matrix

𝑠 𝑥𝑖 , 𝑦𝑖 = ቊ
+1 𝑤ℎ𝑒𝑛 𝑥𝑖 = 𝑦𝑖
−1 𝑤ℎ𝑒𝑛 𝑥𝑖 ≠ 𝑦𝑖

𝑤 𝑘 = −2𝑘

A G C

0 -2 -4 -6

A -2 1 -1

A -4 -1 0

A -6

C -8
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Completing the matrix

𝑠 𝑥𝑖 , 𝑦𝑖 = ቊ
+1 𝑤ℎ𝑒𝑛 𝑥𝑖 = 𝑦𝑖
−1 𝑤ℎ𝑒𝑛 𝑥𝑖 ≠ 𝑦𝑖

𝑤 𝑘 = −2𝑘

A G C

0 -2 -4 -6

A -2 1 -1 -3

A -4 -1 0 -2

A -6

C -8
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Completing the matrix

𝑠 𝑥𝑖 , 𝑦𝑖 = ቊ
+1 𝑤ℎ𝑒𝑛 𝑥𝑖 = 𝑦𝑖
−1 𝑤ℎ𝑒𝑛 𝑥𝑖 ≠ 𝑦𝑖

𝑤 𝑘 = −2𝑘

A G C

0 -2 -4 -6

A -2 1 -1 -3

A -4 -1 0 -2

A -6 -3 -2 -1

C -8 -5 -4 -1



A G C

0 -2 -4 -6

A -2 1 -1 -3

A -4 -1 0 -2

A -6 -3 -2 -1

C -8 -5 -4 -1
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Solving the matrix

A G C

0 -2 -4 -6

A -2

A -4

A -6

C -8
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Local alignment
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Local alignment
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Sequencing reads aligner
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Sequencing reads aligner



➢ To get a fast alignment on a large genome (3.109 for the human genome), the reference is indexed 
based on Burrows-Wheeler algorithm. The idea is to be able to load the whole genome inside the RAM 
of your computer to get a very fast access to the sequence.

➢ You use a seed (part of your reads, usually around ~20bp) which will be mapped to these indexed 
subsequence. 

➢ Once you map the seed to some positions you try to extend the alignments with the local genome 
and keep the best match(es).

Bowtie2: Langmead & Salzberg, Nature methods, 2012.

BWA: Li & Durbin, Bioinformatics, 2009
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The main used aligners principle (bowtie/bwa)
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