Phylogenetics
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Phylogenetics is useful for:

Design of biodiversity conservation policies
Detecting the origin of pathogens (e.g. SARSCov-2)

Studying molecular evolution of viruses

Detecting origin and evolution of cancer cells
Linguistics
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Genome

DNA the molecule of Iife
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Trillions of cells
Each cell:

® 46 human
chromosomes

2 meters of
DNA

3 billion DNA
subunits (the
bases: A, T, C, G)

Approximately
30,000 genes
code for proteins
that perform most
life functions
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Protein coding genes

DNA Genetic Code Dictates Amino Acid
Identity and Order

DNA
Sequence

Is

the
Genetic

GCA AGA GAT AAT T1GT... Code.

JAla| Arg BBl Asn Cys .. . Growing
1 ) 3 4 5 Protein
Chain
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Translation: the genetic code
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Evolutionary process: changes,
Insertions and deletions of

nucleotides

Year Common Name Species # of Chromosomes Size (base pairs)
1995 Bacterium Haemophilus influenzae 1 1.8 x 108
1996 Yeast Saccharomyces cerevisiae 16 1.2 x107
1998 Worm Caenorhabdiitis elegans 6 1.0x108
;Qf‘_fjh_ 1999 Fruit Fly Drosophila melanogaster 4 1.3x108
2000 Human Homo sapiens 23 3.4 x10°
e | 2002 Mouse Mus musculus 20 3.5x10°
< 2004 Rat Rattus norvegicus 21 2.9x10°
2005 Chimpanzee Pan troglodytes 24 3.6x 109

Check the information at



http://www.ensembl.org/

Multiple sequence alignment

Which nucleotides in each genome have evolved from
the same nucleotide at the common ancestor?
Give this information in an alignment:
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We assume alignments without gaps:

Human AACTTCGAGGCTTACCGCTG. . .
chimpanzee AAGGTCGATGCTCACCGATG. ..

gorilla AACGTCTATGCTCACCGATG. ..



Phylogenetic reconstruction

Input: alignment of n DNA (genomic) sequences

ﬁ AACTTCGAGGCTTACCGCTG. ..

‘ AAGGTCGATGCTCACCGATG. ..

A “

AACGTCTATGCTCACCGATG. ..
Output the most suitable tree
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. Branch lengths are the expeéted number of mutations per site
that have occurred along that branch.




Number of Taxa

MNumber of unrooted trees

Number of rooted trees

3 1 3
4 3 15
5 15 103
6 105 945
7 945 103935
8 10395 135135
9 135135 2027025
10 2027025 34459425
20 2 22E+020 8 20E+021
30 8.69E+036 4 95E+038
40 1.31E+055 1.01E+057
50 2. B4E+074 275EH0T6
60 5. 01E+094 5 86E+096
70 5.00E+115 6. 85E+117
80 2 1BE+137 343E+139
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