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Emergence of cladistics:
Willi Hennig et al.

Discovery of DNA structure:
James Watson & Francis

_ Technical breakthrough

Crick (1953) in the 1990s: computer
- 4 4 speed, methodological

First comparison of arino improvement

acid (insulin)

among different species: Technical breakthrough in
Fred Sanger et al. (1955) the 1980s: PCR, DNAg

sequencing, etc.
First example of molecular

systematics: Vince Sarich
& Allan Wilson (1967) on
human evolution

The blooming of
evo devo studies

Natwre (1968)217: 634

Reconstructing phylogeny

O The concepts of trees

O The data used to construct phylogenetic trees
©® Morphological data
© Molecular data
O Homology of characters in data matrices
® Sequence alignment
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Today’s topics

2 Overview of phylogenetic inferences
= Methodology
® Methods using distance data
® UPGMA, Neighbor-joining, minimum evolution
® Methods using discrete data
® Maximum parsimony
® Maximum likelihood
® Bayesian inference

Contributions to molecular evolution

The patterns of evolution
Cladistics and phylogenetics:
Willi Hennig (1913-1976)

The mechanisms
The neutral theory of molecular evolution:
Motoo Kimura (R4JH#4E, 1924-1994)

and methodological concerns

The uses of parsimony, maximum likelihood methods in phylogenetics:
Joseph Felsenstein

- Genome Science and of Biology, University of Washington, Seattle

The basics of evolutionary trees

' The tree shapes
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Are these two trees different?

Baum et al. (2005) Science 310:97,
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Which is the MRCA of a mushroom and a sponge? d
Which is the MRCA of a mouse and a fern? b
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Tree 1 Tree 2 Tree 3
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Strict Majority-rule
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Tree-island profile:
First Last First
Island Size tree tree replicate

Frequency distribution of lengths of 1000000 random trees: 1 01 1471 1571

2 69 4961 5029

mean=6528.095481 sd=65.005662 gl=-0.322317 g2=0.159848 K s o

6114.00000 5 1236 1 1236

6146.30000 | (1) 6 8816 8911

6178.60000 | (3) 7 9524 9779

oo | ) : P

6243.20000 (84) 10 15870 18954

6275.50000 | (302) 1 1011 3398

6307.80000 | (1071) 12 3438 2073

6340.10000 [# (3493) 13 4074 4284

6372.40000 |### (9300) 12 5935 6030

6404.70000 | #kkEHEEE (22649) :: ;;2 ;:z;
6437.00000 |#####EEREERERERES (48576

6469.30000 ; ) (94873) v 7667 8719

18 9780 10070

6501.60000 (144323) 19 10071 10646

6533.90000 (187000) 20 18987 19082

6566.20000 (199355) 21 4285 4960

6598.50000 (153445) 22 5030 5934

6630.80000 |###EFEHREREIBEIEERERRERRRRERERY (88764) 23 8720 8815

6663.10000 |###¥EE4RIFEER (36489) ps 1soss 10908

6695.40000 |### (8865) 26 19083 19100

6727.70000 | (1266) 27 1572 1910

6760.00000 | (117) 28 7603 7666

29 10647 14235

30 1237 1470

31 3399 3447

32 15826 15869

33 1180 6031 7210
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Fig. 1 Non-ratchet, 1000 random repicates. TBR search, saving 5 trees per replicate, 1
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(a) Resampling from population (b) Resampling from a sample (bootstrap)

Population mean Sample mean
Population sample from
population

samples from

sample ~
(pseudoreplicates) [

Distribution Distribution of
of sample j\ pseudoreplicate J \
means means

Confidence interval Confidence interval

Freq

1000.00
999.00
945.00
497.33
484.83







Probability of finding correct tree

‘Long branches'

—a— ML: Kimura model —=— Parsimony: weighted
—e— NJ: Kimura distances —o— Parsimony: uncorrected
—o— UPGMA: Kimura distances ~ —+— Lake's invariants
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Length of sequence

Probability of finding correct tree

—=— ML: Kimura model
—e— NJ: Kimura distances
—o— NJ: uncorrected

—=— Parsimony: weighted
—o— Parsimony: uncorrected
—+— UPGMA: Kimura distances
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