Phyloge NY  (from phylum — tribe, and genesis — origin)

* the term introduced by E. Haeckel in the second half of
the XIX century and now has two somewhat different
meanings.

* (1) Phylogeny in wide sense is a historical development of
organisms

Molecular Phylogenetics

EEOB 563 * (2) Phylogeny in narrow sense includes not all aspects of
historic development, but only succession of branching of
a genealogical (i.e. a phylogenetic) tree.

* Usually represented by a phylogenetic tree.
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What is a phylogenetic tree!

* A tree is a mathematical structure
which is used to model the actual
evolutionary history of a group of
sequences or organisms.

* The actual pattern of historical
relationships is an evolutionary
tree which we try to estimate




“The time will come | believe,
though I shall not live to see
it, when we shall have fairly
true genealogical
(phylogenetic) trees of each
great kingdom of nature”

Darwin's letter to Thomas Huxley (1857)

“... there is, after all, one true
tree of life [...]. It exists. It is in
principle knowable. We don’t
know it all yet. By 2050 we
should —or if we do not, we
shall have been defeated only
at the terminal twigs, by the
sheer number of species.”

Dawkins (2003), A Devil's Chaplain

Barcode of Life
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%" Assembling the Tree of Life

The AToLL

initiative
(Assembling the
Tree of Life) is a
large research
effort sponsored
by the National
Science
Foundation. Its
goal is to
reconstruct the
evolutionary
origins of all
living things.

TRENDS in Ecology & Evolution

Space, time, form: viewing the Tree
of Life

Roderic D.M. Page



- @ @@ @ v Why molecular phylogenetics?
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¥\, * The stream of heredity makes phylogeny:in a
sense, it is phylogeny. Complete genetic analysis
. . - . . . would provide the most priceless data for the

mapping of this stream. George G. Simpson, 1945

* “l do not fully understand why we are not
proclaiming the message from the housetops ...
We finally have a method that can sort
homology from analogy.” Stephen J. Gould , 1985
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a | The phylogeny shows the distributions of new Drosophila spp. genes involved in development
(above) and in the brain (below) in various evolutionary stages within the past 36 million years.

Molecules as documents of evolutionary
history

National Library of Medicine

. NWe may ask the q ueStion o Twenty Nine Years of Growth:

NCBI Data and User Services

where in the now living systems
the greatest amount of
information of their past history
has survived and how it can be
extracted”

Sequences (Millons)

J. Theoret. Biol. (1965) 8, 357-366 . “BeSt ﬁt are the different t)’peS

of macromolecules (sequences)
which carry the genetic

g 2 information”

Molecules as Documents of Evolutionary History

EMILE ZUCKERKANDL AND LINUS PAULING




Applications of Phylogenetic Analysis

- Systematics and classification
 Discovering new life forms

» Phylogeography and speciation
» Molecular evolution

» Genomics

- Epidemiology and forensics
* Biotechnology

« Agriculture

- Conservation

Disease Transmission and Medical Forensics
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Molecular Epidemiology: HIV-1 and HCV sequences from Libyan outbreak

Molecular Epidemiology of HIV
Transmission in a Dental Practice

James |. Mulins, Gorald Schochetman, Ruth L Barkelman, ln 1998, outbreaks of human i i us type 1 (HIV-1) and hepatitis C virus (HCV) infection were reported
n children attending Al-Fateh Hospital in Benghuzi, Libya. Here we use molecular phylogenctic techniques t anaiyse
s sequences from these outbreaks. We find that the HIV-1 and HCV strains were alread;

Ou et al. 1992
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Applications of Phylogenetic Analysis

- Systematics and classification

» Discovering new life forms

» Phylogeography and speciation
» Molecular evolution

» Genomics
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* Biotechnology

« Agriculture

- Conservation

“Simple identification
{ via phylogenetic
classification of
organisms has,

to date, yielded
more patent filings
than any other use
of phylogeny in
industry.”

Bader et al. (2001)




How do we know that phylogenetics work?
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Clades ofhuge phages fromacross Earth’s Article
e°°SY5te“‘sg P One thousand plant transcriptomes and

the phylogenomics ofgreen plants

https:dolorg/101038/541586-020-2007.4  Basem Al-Shayeb'”, ', Fred Ward,

https://doi.org/10.1038/s41586-019-1693-2 One Thousand Plant Transcriptomes Initiative
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A comprehensive phylogeny of birds (Aves) using

doi:10.1038/nature15697




