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m Types of evolution

m Perfect phylogeny

m Gusfield’s algorithm

m Special case: root unknown
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Types of evolution

m Convergent evolution: distantly related species that develop the same characteristic
(often abbreviated character) independently

m Parallel evolution: similar species that independently evolve similar characters in
parallel

m Divergent evolution: similar species that develop different characters over time




Character a could have evolved three times or b
could have evolved twice




Examples of convergent evolution

m Flight evolved independently in bats and birds

m Opposable thumbs evolved independently in
primates and pandas

m Blue eyes evolved independently in humans
and lemurs

Images: wikipedia
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Perfect Phylogeny




Recap perfect phylogeny

m |f we can construct a phylogeny where each mutation only occurs once (i.e. no
convergence evolution), this is called a perfect phylogeny

m We will study one algorithm for constructing a perfect phylogeny (or getting close if
one does not exist), called Gusfield’s algorithm (~1991)

m Key assumption: ancestral state is all zeros (we will see how to relax this)




Recap perfect phylogeny

m |f we can construct a phylogeny where each mutation only occurs once (i.e. no
convergence evolution), this is called a perfect phylogeny

m We will study one algorithm for constructing a perfect phylogeny (or getting close if
one does not exist), called Gusfield’s algorithm (~1991)

m Key assumption: ancestral state is all zeros (we will see how to relax this)

m Notation:

— entire matrix of characters is often called M

- O, is the set of samples with character i

- nsamples (taxa) and m characters (sites or traits/characteristics)




Observations so far...

m T[heorem: there exists a perfect phylogeny if and only if for all pairs of characters i,j, either:
- 0;and O; are disjoint (0,1 O; = 2), or
- One contains the other (0, © O;or O; = 0O))
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Observations so far...

m T[heorem: there exists a perfect phylogeny if and only if for all pairs of characters i,j, either:
- 0;and O; are disjoint (0,1 O; = 2), or
- One contains the other (0, © O;or O; = 0O))

m [fO; 2 O, then character i occurred more anciently than character j

m [f column i > columnjas binary numbers, then either
- 0,N0,; =2 (disjoint), or
- 0, 2 0; (i contains j)




Radix Sort
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Handout 18:

Radix sort columns high to low Example 1
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Radix sort columns high to low Example 1
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Example 1

121345 210345 3412 115
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Gusfield’s Algorithm




Handout 18:
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Handout 18: Example 2
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