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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
A T G C A T G C Sense Strand 
(Partner)

| | | | | | | |

A U G C A U G C Messenger RNA

| | | | | | | |
T A C G T A C G Antisense 
(Template)
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Sequence Comparison  
Simple Alignment (see also Skelton & Smith [2002], Sect. 2.2 p29)

match score: 1 mismatch score 0
A A T C T A T A

A A G A T A 4 + 0 = 4 (best)

A A T C T A T A
A A G A T A 1 + 0 = 1 (worst)

A A T C T A T A
A A G A T A 3 + 0 = 3 
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Sequence Comparison  
Simple Alignment with gap penalties

match score: 1 mismatch score 0 gap penalty -1
A A T C T A T A
A A G - A T - A 3 + 0 - 2 = 1 (worst)

A A T C T A T A
A A - G - A T A 5 + 0 – 2 = 3 (equal 
best)

A A T C T A T A
A A - - G A T A 5 + 0 – 2 = 3 (equal 
best)

A A T C T A T A
- A A G A T A - 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

A A T C T A T A
A A - G - A T A 5 + 0 – 4 – 2 = -1 (worst)

A A T C T A T A

A A - - G A T A 5 + 0 – 2 – 2 = 1 (best)

Origination penalty is applied for starting a series of 
gaps

Length penalty is also applied for each gap
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Mutation (and copying errors)
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Changes of 
nucleotide base sequences

• caused by
– ionizing radiation, mutagenic chemicals, errors

• Mutations are usually harmful (damaging)
• may be

– single base (changing one amino acid)
– frameshift (more serious – indels in Open 

Reading Frames)
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Transitions (most common)

• Purine to Purine
A changed to G
G changed to A

• Pyrimidine to Pyrimidine
C changed to T
T changed to C
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Transversions (less common)

• Purine to Pyrimidine
A changed to C or T
G changed to C or T

• Pyrimidine to Purine
C changed to A or 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

Time
T6 ATA GCT

ATC GCC
GTC ACC

T3 GCC GCC GCC GCC
T2 GCA GTC GCA GTC
T1 GTA GTT GTA GTT
T0 ATA GCT 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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BioEdit
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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
• NCBI Genbank

www.ncbi.nlm.nih.gov/Genbank/index.html
• PAUP

http://paup.csit.fsu.edu/
• European Molecular Biology Laboratory

www.embl.org
• BioEdit

www.mbio.ncsu.edu/BioEdit/bioedit.html
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