BMEG3105 Data Analytics for Personalized Genomics and Precision Medicine
Lecture 03 — Sequence and Dynamic Programming (14/09/2022)

Lecture Outline:
1. Sequence Data
2. Sequence Comparison and Alignment Score

3. Dynamic Programming

1. Sequence Data

1.1 What are the sequence data?
» DNA Sequence:

v' Composed of A, T, C, G bases.
v' Complementary double strand.
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v' Approximately 3 billion of base pairs. s w
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v" Composed of A, U, C, G bases. . e e
»  Protein Sequence:
v" Usually composed of 20 amino acids.
v' Allows multiple sequence alignment.
1.2 Why do we study sequence data?
Sequence data is central dogma. Genetic information is hidden in DNA CIl)l\tIA
sequences. CRNA B gcneral
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We can understand phenotype with genotype and the environment, in 1
protein

which genotype is believed to be determined by the sequences.

1.3 How do we get the sequences?
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»  Nanopore Sequencing:

v" One of the most advanced methods.
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»  Protein Sequencing:

v' Based on mass spectrometry (MS).
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1.4 What can we do with sequence data?

DNA Sequences:

Step 1: Read raw sequence.

Step 2: Perform quality control to delete noises.
Step 3: Map this sequence to reference genome.
Step 4: Variant Calling to check for mutations.
Step 5: Check if the genotypes are related to

phenotype associated variants.

Protein Sequences:

v' Compare two or more sequences by sequence

alignment.

v Similar sequences imply similar structure,
which implies similar function.

v" Comparing similar sequences may find out

the common ancestor.

A, T, C, G bases have different electrical current.
Sequencing by detecting the change in current.
Due to noisy signals, error rate is relatively high.

Able to obtain very long sequences.

Break the long sequence into short pieces.
Determine the weight of each piece by MS.

Assemble the short pieces into the raw sequence.

NANOPORE SEQUENCING

At the heart of the MinlON device, an enzyme unwinds DNA,
feeding one strand through a protein pore. The unique shape of
each DNA base causes a characteristic disruption in electrical

current, providing a readout of the underlying sequence. ’\J
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» variant scoring and filtering
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2. Sequence Comparison and Alignment Score

2.1 What is sequence alignment?

Sequence alignment is to determine the similarity between two or more sequences. Through pairwise or

multiple sequence alignment, we aim to the maximize the similarity between them.

2.2 What is sequence alignment score?

Consider two sequences:

v In Position 0 of two sequences, the two “A”’s . Sequence 1: A G G C C

v In Position 1 of two sequences, the “G” in Sequence

0

1 and the “T” in Sequence 2 . A T G C

o - " Sequence 2:
v In Position 4 of two sequences, by ’ —
deletion], a [gap| results.
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There are many ways to align two or more sequences. Alignment score is calculated according to the
information in scoring matrix. To maximize the similarity between them and find the optimal

alignment, the alignment with a relatively higher alignment score will be chosen.

Here lists two possible alignments. The first alignment is chosen as it has a higher alignment score.

Scoring matrix: AGGCCAG

Alignmentscore 1 =2+ (-7)+2+2+(-10) + 2
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1715713 Alignment score2=2+(-7) +2+ 2+ (-7) + (-10) AGGCCG
-8 ATGCG _

Gap penalty =-10

2.3 How to perform sequence alignment?

Enumerating all the possible alignments is straightforward. However, dynamic programming is used

instead as there are too many possible alignments.



3. Dynamic Programming

3.1 What is dynamic programming?

v Break the problem into smaller sub-problems.

v" Solve these sub-problems optimally and recursively.

v Use these optimal solutions to construct the optimal solution for the original problem.

3.2 How dynamic programming is used in sequence alignment?

There is finite choice for each base, either aligning to another base or aligning to a gap. The

alignment score is the sum of the scores for each pair in the alignment.

Consider two sequences: . .
Scoring matrix:

| ACCG
Alc|G|T pAt
Goal: NEREINE sequences:  ACG
Find the optimal alignment score F(ACCG, ACG) and cl712 1705
the optimal alignment. gls|-7]2 |7
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Gap penalty =-10

There are three possible ways to align the last pair of the alignment. G
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Below shows how dynamic programming break the original problem into sub-problems. Noted
that the problem size is reduced by one to two bases each time. F(XXX, XXX) will finally be
reduced to F(X, X) or F(X, ) in the scoring matrix, which are the boundary cases.
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The original problem can be simplified as follows.

F(ACC, AC)+S(G, G)

N

F(ACCG, AC)+Gap

F(3, 2)+S(G, G)
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F(4, 2)+Gap

F(4, 3)
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From the table, optimal alignment(s) could be obtained by tracing back. For the input sequences

ACCG and ACG, there are two optimal alignments, both with alignment score -4.
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3.3 What controls the final alignment?

BLOcks SUbstitution Matrix (BLOSUM)
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The score matrix.
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Additional Resource:

Webserver for Sequence Alignment: https://www.ebi.ac.uk/Tools/psa/emboss_needle/

1.

2. Biopython: https://biopython.org

3. Bioinformatics: Sequence and Genome Analysis Chapter 2 & 3 (Textbook)



