Bioinformatics CSM17 Week 7:
Molecular Analysis

« Sequence comparison

Molecular characters

Homoplasy and convergence
Multiple Sequence Alignment
Cladograms from Molecular Data
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Molecular data

ATGCATGC Sense Strand
(Partner)

AUGCAUGC Mssenger RNA
I T T O
TACGTACG Antisense
(Tenpl at e)
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Sequence Comparison
Simple Al iqnment (see also Skelton & Smith [2002], Sect. 2.2 p29)
match score: 1 mismatch score 0

AATCTATA

AAGATA 4 + 0 = 4 (best)
AATCTATA

AAGATA 1+0 =1 (worst)
AATCTATA

AAGATA 3+0=3
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Sequence Comparison

Simple Alignment with gap penalties

match score: 1 mismatch score 0 gap penalty -1
AATCTATA
AAG- AT - A 3+0-2=1 (worst)

AATCTATA
AA- G- ATA 5+0-2=3 (equal
best)

AATCTATA
AA- - GATA 5+0-2=3 (equal
best)

AATCTATA

- AAGATA- 1+0-2=-1(worst)
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Sequence Comparison

Simple Alignment with origination and length penalties

match score: 1 mismatch score 0
origination penalty: -2 length penalty -1

AATCTIATA
AA-G-ATA5+0—4-2 = -1 (worst)

AATCTATA
AA--GATA5+0-2-2 =1 (best)

Oigination penalty is applied for starting a series of
gaps
Length penalty is also applied for each gap
JYC: CSM17

JYC: CSM17




Changes of

nucleotide base sequences
* caused by

— ionizing radiation, mutagenic chemicals, errors
« Mutations are usually harmful (damaging)
e may be

— single base (changing one amino acid)

— frameshift (more serious — indels in Open
Reading Frames)
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TranSiti ons (most common)

* Purine to Purine
A changed to G
G changed to A
 Pyrimidine to Pyrimidine
Cchangedto T
T changed to C
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Transversions (less common)

* Purine to Pyrimidine
AchangedtoCor T
G changedtoCor T
* Pyrimidine to Purine
C changedto Aor G
T changed to A or G
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Molecular Character Definitions
See also Skelton & Smith [2002], Sect. 2.3 p33)
» Uninformative Sites

— invariant sites (all bases the same)
— phylogenetically uninformative

* Informative Sites
— cause some trees to be more parsimonious
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Homoplasy and convergence

Lineage A B Lineage A B
Ti me
T6 ATA GCT
ATC GCC
GIC ACC
T3 GCC  GCC GCC  GCC
T2 GCA GIC GCA GIC
T1 GTA GIT GTA GIT
TO ATA  CCT ATA GCT
convergence reversal

(homoplasy)

Adapted from Skelton & Smith (2002)
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Multiple Sequence Alignment
* ... to enable production of cladogram
Clustal W
Using BioEdit (for Windows)
Or MacClade (Mac OS X)
 Save alignment ...
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Cladograms from Molecular Data

» Using PAUP (Phylogenetic Analysis Using
Parsimony)

* ... import alignment file

* Generate cladogram

* View Cladogram with TreeView
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Useful Websites References & Bibliography
¢ Skelton, P. & Smith, A (2002). Cladistics — a practical primer on
* NCBI Genbank i i CD-ROM. Cambridge University Press, UK. ISBN 0-521-52341
www.ncbi.nlm.nih.gov/Genbank/index.html (hardback + CD-ROM) . _
« Kitching, I. J. et al. (1998) Cladistics - the theory and practice of
e PAUP parsimony analysis. Systematics Association Publication No.
) 11. Oxford University Press, UK. ISBN 0-19-850138
http://paup.csit.fsu.edu/ (paperback)
. * Gibas, C. & Jambeck, P. (2001). Developing bioinformatics
 European Molecular Biology Laboratory computer skills. O'Reilly, USA. Chapter 8, p191-214 ISBN 1-
bl 56592-664-1 (paperback)
WWW.EMDLOT « Page, R.D.M. & Holmes, E.C. (1998). Molecular Evolution — A
° BlOEdlt Phylogenetic Approach, Blackwell Publishing, Malden, MA,
) S USA. ISBN 978-0-86542-889-8 (softback)
www.mbio.ncsu.edu/BioEdit/bioedit.html
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