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Outline of Lecture
e Seguence data

Sequence comparison and alignment score

[
e Dynamic programming
[

Uncovered resources

1 Sequence data

Replication
(DNA — DNA)

DNA polymerase

What is sequence data iy ol l

- DNA(AT,C, G)

- RNA(A, U, C,G) w NN
- Protein (20 symbols of amino acids) S— l

Why sequence data? Ribosome

0-0-0-0-09-0® o 1central dogma
Central dogma

"DNA makes RNA, and RNA makes protein", the genetic information
and genotype is hidden in DNA sequences

How to acquire sequence data

DNA sequencing
o Sanger method (1977), involves electrophoresis and make use
of DNA replication
o Next generation sequencing NGS (1996), based on the
measurement of luminescence generated because of
pyrophosphate synthesis
= Principal of NGS
e Sample/ library preparation
e Amplification and sequencing
e Data output and analysis

o Third generation sequencing (2010), using single molecule
real-time (SMRT) sequencing technologies
» Nanopore sequencing (electrical current change)
Protein sequencing



o Mass spectrometry MS
= Break long sequence into short pieces
= Measure MS of pieces and combine them

How to make use of sequence data
- Compare newly discovered data with already known one (reference

genome) to see if there is candidate disease or phenotype
associated variants, method such as
o Multiple sequence alignment

[ DNA Samples from family trio/quartet ]

WES l WGS
Sequencing
+ llluming, lon Torrent, BGI, PacBio, Oxford nanopore
i Mepple Mark duplicates, sort
Raw data Raw data Quality Clean data « BWA, Cushaw3, Bowtie2, + upli =
(fastq) Control (QC) (fastq) Mosaik, Novoalign (BAM an rjnergea ignments
' files) » Picard tools

» fastQC, fastp, trimmomatic

L

Variant Calling

SNVs & Indels
» GATK, Samtools, freebayes

SNVs
»  GATK, Samtools, freebayes

Merged Raw
variants (VCFs)

I

Raw Variant

» QC for sequence depth, coverage etc.
Family-based Variant Annotation > variant recalibration, scoring and filtering Variant Annotation
> NovoCaller, Fmfilter, FamPipe, T » Polyphen, SIFT, VEP, ANNOVAR,
FamSeq, dv-trio, CeNovoGear e — VarAFT, ClinVar etc.
~ Analysis ready variants
N (VCF’s) /,_1-/ |
B Singleton + linkage analysis, affected
N [ sibling pairs, affected parent-child, ]
Candidate di /ph yp { trio/quartet
associated variants J

Fig. 2 Ways and methods to use sequence data

Raw variants
(VCFs)
coverage

Raw variants
(VCFs)
coverage

2 Sequence comparison and alignment score
Idea: To determine the similar regions between sequences, where
similarity might give
o Biomolecular function

o Property prediction
o Evolution of a kind: identifying conservation region and

investigating mechanism

How to do
- Maximize the similarity between sequences

- Define similarity



o Cases can be combined to give Scoring matrix (value in the
score matrix can be customized)

= DNA
AlC|IG|T
Al2|(-7|-5|-7
C|-7|2|-7|-5
G|-5|-7]2|-7
T|-7|-5(-7]2

Gap penalty = -10  Fig. 3 Example of DNA scoring matrix
e Match (A <-> A gives +2)
e Mismatch (substitution, A <->C gives -7)
e Gap (Insertion or deletion, A <-> _gives -10)

= Protein
e BLOSUM
AR ND COQE GH I L KMFZP ST WYV
A B 3 3 3 -1 2 2 08 3 -3 -3 -1 2548 -1 F2 0 EEE-4y -1
R 3/9 1 3 6 1 -1 4 0 -5 43 3 -5 3 2 2 -5 -4 -4
N -3 -1§88 2 -5 0 -1 -1 1 S6EEol 0 4 68 4 1 0 BN 4 -5
D -3 3 2 MOEA -1 2 -3 -2 [SESH -2 560061 -3 -1 -2 [0 =6
C 1560 SENS SO 2 38560 3 4560 2 25 5 2
Q 21 0 -1 59 3 41 -5 42 -1 53 -1-1-43 4
E -2 -1 -1 2 N3 ESH 4 0 OIS 1 408 -2 -1 -2 a5 4
G 0 4 -1 35604 4090 4 B 3 -5 K0 -5 -1 -3 G000
H 3 0 1 21 0 4= -1 4 2 4 2 3 4 3 5
| S350 -2 -5 FOMEESRT7. 2 5 2 -1/5 4 2|5 3 4
L 3 45N 3 45> 26 4 3 054 3 4 2 1
K 13 0 21602 1 3 175 4888 35 2 -1 1500 4 4
M 2 -3 4188 -3 -1 48584 2 3 -3 0 4 3 -1 3 -3 1
F 45 4 -5SEms 2 -1 0 /=5 0 RN 4 4 0 4 -2
P -1 -3 4 38 3 205 45 =5 2 450NN 2 -3 ISl 4
S 2121 1 2 -1 11 -1 24 4 -1 3 4 200283 3
T 0 2 0 2 2 -1 2 3 3 2 -3 -1 -1 4 -3 2 B -3 0
w 5 5 708 5 4 6 6 4 5 4 6 3 07 6 516 3 -5
Y |4 4 4ESES) -3 S5 3 -3 2 4 3458 3 -3 3 M 3
vV 1. 4 -5 6 2 4 -4 6 -5 4 1 -4 1 2 430 -5 3 7
Fig. 4 Example of protein scoring matrix

- To find the best pairwise alignment (the highest score alighment),
dynamic programming is used to reduce computation complexity
and expenses of enumeration

3 Dynamic programming

Idea: Reduce the problem into smaller problem and reuse the result of
smaller problem

Example of DNA pairwise alignment:

- Given the scoring matrix (SM) same as above, aligh ACCG and ACG,

(Note SM (A, A) as A<->A = 2)
- Steps:
o Create a DP table



G

o Start from (0, 0) as O, propagate towards (3,0) and (0,4), as all
those are type ‘gap’, -10 score each time.

A C C G
O ~(0 ~20 -30 %0
k \
A G
C i
G -30

o Then all other cell (x, y) is determined by
= Min (SM (A, A) + (x-1, y-1),
SM(GAP) + (x-1, y),
SM(GAP) +x, y-1))
= Remember to keep the pointer which gives the smaller
value



A C C G
@) ~(0 ~20 -3 ~4%0
, r _
A e
C 55
G -20
o Gives
A C C G
0 -10 -20 -30 —-40
A -10 2 -8 -18 -28
\
C -20 -8 4 -6 -16
|
}
G -30 -18 -6 -3 -4

o Trace back the optimal alignment by the red arrows and
highlight it in blue




0 -10—+—-20—-30 40

C -20 -8 4 —> -6 -16

G -30 | -18 -6 -3 -4

Gives two optimal alignments with optimal score “-4”

= ACCG, A CG

= ACCG,AC G
Existing tool for pairwise sequence alignment
o EMBOSS Needle (online)

= https://www.ebi.ac.uk/Tools/psa/emboss needle/
o Biopython (library package of python)

= https://biopython.org/

4 Uncovered resources
Time and space complexity analysis
o O(m*n) to align two sequence of lengths m and n by DP,
which is still time consuming
o O(I*m*n) time and O(m*n) space to find sequence in
database with | length-n sequences that compare with query
sequence of length m
o Heuristic method like BLAST and FASTA is used

Local alignment
o Alocal alignment aligns a substring of the query sequence to
a substring of the target sequence.
Multiple sequence alignment
o Multiple sequence alignment is the alignment of three or
more sequences of similar length
Affine gap penalty



o Gap penalty is higher when there is consecutive gap in
alignment, e.g.
= -10 value every time
= -10 value for first gap, -25 value for two consecutive

gaps
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