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Session |. How to Read a Tree?
Determine Relatedness (solely) by Level of Last
Common Ancestors




Tree of Life

Bacteria (Eubacteria) Archaea (Archasbacteria)
Green non-sulphur ' Euryarchaeota
Gram- bacteria Methanosarcina Halophiles
positives Methobacterium
e | . s rEuImrrn [ELl-:nr_u'nm]_
I. celder Animals Fungi
Cyanobacteria Crenarchaeota Slirne molds
Ther rotedls Flants
. s Entamoehae
Flavobacteria Pyrodictium Ciliates
Thermotogales Flagellates
Trichomonads
Microsporidia
Diplomonads —

gy (common ancestry) # Similarit



Tree Terms

Existing Species

Sicter Terminal
Child Nodes node
Nodes {leaf)
Parent Nod wﬂﬂﬁf
Branch Length: "x__ﬂitﬂr]l

Number of
DNA
Substitutions

. Brandh
- (edge)

Most Recent Common Ancestor (MRCA)
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Groups that are not a clade:
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Tree Distances & Branch Support
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Session Il. How to Build a
Tree?

® Choice of molecular markers:

® Slow-evolving sequences for distantly related
species/individuals (e.qg., protein sequence for
vertebrates, 16S rRNA for bacteria)

® Fast-evolving sequences for closely related
species/individuals (e.g., mtDNA or non-coding
seqguences for humans, DNA sequences for primates)

® |dentify homologs (BLAST, HMMER)
® Obtain multiple alignment (“muscle”, “clustal”)

® Infer tree (Neighbor-Joining; Parsimony; Likelihood;
Bayesian)

in branch support (Bootstrap; P




Gene Tree vs Species Tree
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Conclusions

® Bio-diversity is tree-like, not ladder-like
® All species share common ancestors (Homology)
® Existing species do not evolve from each other
® Species diversify over time, not climb a ladder

® How to read a tree? Biological interpretations of
roots, internal & external nodes, and branch
lengths. Identify LCA. Compare relatedness of
species based on positions of LCAs

® How to create a tree? Four major steps: Identify
homologs, align sequences, build tree, obtain
branch support




Algorithm Challenge: Recursive Tree Walk
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Algorithm 20: Recursive tree walk ! I ! I
input :tree, a phylogenetic tree; node, starting node for tree walk s03 I I I I
output: None
1 Function walk. tree (free, node) : §01 i I |l i
2 if node is a tip then f | f | | |
3 | return 02 — I — |
4+ | else b 7 510 —| T [ |
5 children « descendants(tree, node); T | J J
e 9 h k
6 for child in children do L $05 | | | |
7 | walk.tree (tree, child); L d : d : : :
o | | end s —— — |
9 end a j
10 root + get.root(tree); a 509 | i
1 walk.tree (tree, root); J| s07 | |
The algorithm constructs a function walk. t ree. This function finds the direct I e i e i
descendants of a node and then calls itself with each child as the input. The ——s04 | [

function returns when it reaches a tip. To walk the entire tree, the function is first
called with the root node.

Figure 3.3 Sequences in a population are related by common descent (Algorithm 10) A sample of
n =10 haplotypes (s01—s10) were simulated with 6 = 2Nu = 10 using the ms program (Hudson,
2002). The program outputs a coalescent tree (left panel), SNP positions (uniformly distributed
along the sequence), and the haplotype sequences (right panel, with the red tick marks
representing the derived alleles a—k ). Mutations occurring on the tree branches (in gray) were
inferred according to the phylogenetic distribution of the derived alleles.




