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Vocabulary

Rate:  determines how many substitutions occur on each branch

of the phylogenetic tree and allows for rescaling of the
divergence between the sequences

Kappa: transition/transversion ratio
Gamma: parameter for rate variation.

Indel: Insertion/deletion

— Indel Exponent: determines the length of Indels.

— Indel Frequency/Rate: how often Indels occur in a sequence.
Transweights: ClustalW parameter indication Transition weights.

Range between 0->1.

HKY + [ : Model of substitution with gamma (for rate variation)
“True” sequences: Sequences generated by MySSP. (benchmark)
Aligned sequences: Sequences aligned with ClustalW



Genome Sequencing

 DNA sequencing has come a long way since the Human Genome Project was
proposed in 1990.

« Since 1995, the genomes of more than 180 organisms have been sequenced.
There are several advantages to sequencing the genomes of organisms:

» First-- provides an opportunity to compare genomes and to find
similarities/differences among different organisms.

« Second -- genomic similarities/differences may infer evolutionary relationships
between different organisms and help to answer questions about the origins of life on
earth.

« Finally -- we can also compare genomes of individuals of the same species to
observe differences and learn how changes in the genomes may explain disease
vulnerability and reaction to therapeutic drugs, toxic substances, and other
environmental factors.



Sequence Alignment

« As a result of Genome Sequencing, a substantial amount of genetic
data has been generated.

« Very short or very similar sequences can be aligned by hand;

* Interesting problems require the alignment of lengthy, highly variable

or extremely numerous sequences that cannot be aligned solely by
human effort.

e Solution

Construct algorithms to produce high-quality sequence alignments



Variety of Alignment Software

 Many Sequence alignment programs are
available on line:

— Multiple Sequence Alignment (MSA)
— T-Coffee

-~ MUSCLE

- MAVID

— kalign

— MAFFT

— ClustalW



ClustalWW Web Interface

 ClustalW: command line interface
ClustalX: graphical user interface.
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Background

One of the issues with Sequence alignment parameters
Is with Initial starting parameters.

Different DNA sequences have different evolutionary
nature (mammalian or primate sequences may be
different from those for yeast).

Each require different ClustalWW parameters to result in
optimal alignment.

Usually it’'s a matter of trial and error.
Or user can use the default values.
It may be useful to customize one's own parameters.



Background

* In order to customize the user needs to be
aware of the evolutionary nature of the
sequences and the corresponding
ClustalW parameters.

Long frequent Indels
Seqh  CTAACCAACCCAGGCCATGTCCTGAAAGCTTAAAGTC CACTTGAGGAGACCGTCTAATATTCGTGCAL

/ Seql CTGACACACCLAGGGE TC GECTACGEACGTTTAATCCACTTG——GAGATCGTCTGATACTCCGGTAG

Different ClustalWW parameters used

Short rare Indels

=] TAGTGTGTTAGGAAGGTTGACATAAAGGAGGCGCGAACTTCGUCCGTAALLY
SeqB TEGCGTATTATGTAGGTAGGTATAT——GEGGECGCGEAATCCACCT AAAAGA

oy
£
=



Project Goal

Approximating ClustalW parameters for
pairwise non-coding DNA sequences

Assumption

— User has some prior knowledge of the
evolutionary nature of their sequences.
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Indel Size Distribution

Histogram Exponential Rate -2 R0O5 k3.6

2
=

Relative Frequency

=
]

33 37 41 45 49 53 57 &
Ingal slza

Histogram Exponential Rate -1 RO.5 K36 Histogram Exponential -4 R0.5 k3.6

=

o Ty
5 =
g E
i y
L -
2 !
s 2
o o
] ]
o '

oo oo B R A RS S e @D : 5 E 21 25 29 3 W 41 45 48 5 57 61 65 6% T3 77 &

Indsl sizs Indal sl




Initial Parameters

Default MySSP Parameters used

Sequence Length - 1000
#Replicates - 100
Frequency of nuclectides
0.2
0.3
0.3
0.2

—A &

Default Clustalw Parameters used
Transweights 0

OMA matrix LB

Substitution Model
kappa

Fate

Gamma Distribution
Insertions

Deletions

Gap Open
Gap Extenstion
Gap dist

Fate
Distribution
Constant
Exponential
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Distribution
Constant
Exponential

HEY
3.6
0.5
0.5

12
power

042
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Defining the data pipeline

Remowe Gaps pl Antomater pl

— | InputDir "|  Result Dir
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How Is the Ratio Computed?

True alignment
1. TACCAT-CAGGG
2:[TCCG-TICCAGAG

Hypothesized alignment
1:[TACCATICAGG-G
2:[TCCG-TICCAGAG

* % % %

We are measuring alignment accuracy as the proportion of aligned sites in the
hypothesized alignment which are aligned identically in the true alignment.

12 nucleotides long

We ignore gaps therefore 10 pairs
Incorrect sites marked with *’s

6/10 = 0.6 alignment accuracy score



Parameters Tried

MySSP Clustalw
Frequency Rate Kappa Power ex|
6 0.5 36 -1 X
-2 X
-4 ®
12 0.125 1.8 0.0-=1.0 (0.1incr)
36 0.0-=10
7.2 00-=10
15 0.0-=10
0.25 1.8 00-=10
3 0.0-=0.4 {025 incr)
32 00-=04
34 0.0-=04
36 0.0-=10 00-=04
3.8 0.0->04
4 0.0-=04
42 00-=04
44 0.0-=04
46 00-=04
4.8 0.0-=04
5 00-=04
> I [0 0] [0 1 [0 3 [0 5 [0 7 [0 1]
15 00-=10
[0 08 [5 1 [5 3 [5 5 [57 [5 1]
0.5 1.8 0.0->10
3 Jis04 (0100 [0 1 [0 3 [0 5 [0 7] [10 15]
32 0004 [015] [15 1] [15 3] [15 & [15 7 [15 15]
34 00-=04
S w0010 00204 [020] [20 1] ([20 3] [20 & [20 7] [20 1§]
> x 00-504 [025] [28 1] [258 3] [26 & [267] [25 1]
\ 4 x Do--04 [030] [30 1 [30 3] [30 5 [307 [30 15
42 00-=04
44 0.0-=04
4.6 0.0-=04
43 00-=04
5 0.0-=0.4
7.2 00--=10
15 00--=10
0.75 1.8 00--=10
3.6 0.0-=1.0
7.2 00--=10
15 00->10
24 0.5 3.6 -1 ®
-2 x
-4 ®
43 0.5 3.6 -1 ®
-2 ®
-4 ®
96 0.5 3.6 1 %
-2 ®
-4 X
192 0.5 3.6 -1 ®
-2 x
-4 ®

“*Default parametars are marked in red



Results
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Gap Extension and Gap Opening Cost

Indel Frequency

Alignment Score Range

Best Gap Open

Best Gap Extension

Incel Exponent -4 Indel Exponent -2 Indel Exponent -1/

1/6
1112
1724
1745
1/596
14192

1/6
1112
1724
1/4a
1/96
1192

1/6
1112
1724
1/48
1796
11192

~0.05
~0.15
~0.23
~0.55
~ [.BG
~0.72

~0.19
~0.49
~0.53
~0.76
~0.80
~0.80

~0.49
~0.70
~ 0.8k
~0.79
~0.74
~0.80

--0.30
- 0.45
- 067
-- 0.56
- 0.95
- 0.97

- 0.55
- 0.75
-- 0.85
--0.84
- 0.87
- 0.93

- 0.7
--0.84
- 0.92
- 0.96
- 057
--0.83

25
25
25
30
30
25

10

15

30

20
1620425
15720025130

oOommoa o

o —

* The default Gap Open cost is 15, Gap Extention cost is 5.66

04143
014345
0/1/3547

7

15

15

15
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0145715



Aliinment Score R:—mie

- 1/6 ~0.05 -0.30 ~0.19 - 0.55 ~0.49 -0.71

§ 1/12 ~0.15 - 045 ~049 -0.75 ~0.70 - 0.84

= 1/24 ~0.28 - 0.67 ~0.63 - 0.85 ~ (.86 - 0.92

,j'—_’ 1/48 ~ (.65 - 0.86 ~0.76 -0.94 ~0.79 - 096

= 1/96 ~ .66 - 0.95 ~0.80 - 097 ~0.79 097

£ 11192 ~0.72 -097 ~ (.80 - 098 ~(0.80 -0.93
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Transition Weights

T g

3 0.1 0.1
3.2 0.05 0.1
34 0.05 0.05
16 0.03 0.03
ck: 0.03 0.03

4 0.05 0.05
47 0.03 0.05
4.4 0.03 0.03
4F 0.05 0.1
4.8 0.03 0.03

] 0.03 0.05



Conclusion

Expected
Indel Rate > Gap Opening Cost
Indel Size » Gap Extension Cost

Un Expected
Indel Rate — Gap Opening Cost
Indel Size -+ Gap Extension Cost

* Implications

— This point towards the possible use of Gap opening cost as the key parameter
for ClustalW sequence alignment rather than using a combination of both Gap
opening and extension cost

— Very low (but not zero) transition weights should be used in order to achieve
better sequence alignments.



Future Work

This report describes a preliminary step towards finding better ClustalW
sequence alignment parameters.

Future we would like to extend the analysis to include multiple sequences
and different alignment programs such as

- MSA

— T-Coffee

— MAFFT

— MUSCLE

— Kalign

— MAVID
The ultimate goal is to remove guess work from alignment parameter

choices and to provide the users with a set of values for their particular
sequences which would give them the best possible alignment.

We would also like to include coding DNA sequences in our analysis.

We would like to predict ClustalW alignment parameters for any new
sequences that we come across.

We can implement this by developing a knowledgebase for sequence
parameters and applying learning algorithms to predict any DNA sequence
alignment parameter, coding or non-coding.
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