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Tree of Life 150 Years Later?

The Tree of Life
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http://tolweb.org/tree/phylogeny.html

Thousands of phylogenetic
“tests” confirm the hypothesis
of common ancestry as fact.

PEDIGREE OF MAN.

“Nothing in biology makes sense except in the
light of evolution” Theodosius Dobzhansky

Placing evolution central in biology



13 . . . .
Nothing in evolution makes sense except in
the light of molecular phylogenetics?”

Placing molecular phylogenetics central in biology?

Molecules =~ Morphology?

How do you best “estimate” this tree of life?

Morphology, field Macromolecules — DNA
studies, herbarium? sequencing, genomics?

Hugh Iltis — emeritus Director of John Doebley— Iltis grad, Genetics
Herbarium and maize specialist faculty member and maize specialist

Molecules =~ Morphology?

How do you best “estimate” this tree of life?

Morphology, fiel : . :
0 p 008y 'e d‘ Zea mays - maize  Tripsacum - teosinte
studies, herbarium?

Hugh Iltis — emeritus Director of
Herbarium and maize specialist

Molecules =~ Morphology?

Is the use of morphology suspect?

CA4 CO4 A48 G4

5 merous Oenothera mutant

Modular plasticity in plants



Molecules =~ Morphology?

Is the use of morphology suspect?

e convergence of unrelated
species under similar
selection pressure

Molecules Morphology

Both approaches have issues and problems!

Assumptions and issues with molecular data more easily seen

onsistency index
(CI) of molecular data
is higher than that of
morphological data

MOLECULES
MORPHOLOGY

In Number of taxa

(Givnish & Sytsma, 1997a)
Homoplasy increases with more species sampled

Molecules =~ Morphology?

Is the use of morphology suspect?
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e convergence of unrelated e divergence of related
species under similar species under different
selection pressure selection pressure

Molecules Morphology

Both approaches have issues and problems!

Assumptions and issues with molecular data more easily seen

Likelihood of correct phylogenetic estimate

<0.7 CI 0.7-10 Likelihood of correct
estimate from
molecular data is
higher than that from
most morphological morphological data

Lo Moderate

Moderate High

Number of characters

most molecular (Givnish & Sytsma, 1997b)




Molecules Morphology Issues in Molecular Systematics

Molecular classificatio
the backbone

1. Loss of information as you move away.
from DNA . . .

angiosperms

ceLunuetes
* Angiosperm Phylogeny
Group classificati

An update of the Angiosperm Phylogeny Group
classification for the orders and families of flowering
plants: APG III

PERM PHYLC GROUP*!

core eudicots|

0g, University of Fl
Natural History, Univer:

ublication 18 August 2009

Issues in Molecular Systematics Issues in Molecular Systematics

1. . . and redundancy of genetic code, convergence not 2. What macromolecule, what genome, what technique,
seen, selection not at DNA level what analysis?

Table 3. Evolutionary properties different genomes and lineages®

Relative Mutation Rate or Amount of Variation

Protein Genes Genome lineage Inheritance  Point mutations Size range (kb) _Rearrangements
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Molecular Systematics - in brief

Extract DNA from plant tissue

A phylogeny of the Wisconsin vascular
flora based on herbarium specimen

ROLE OF THE FORENSIC BOTANIST

Molecular Systematics - in brief

Polymerase chain reaction (PCR) to amplify DNA segment

millions of copies
of target region

total DNA ®
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Molecular Systematics - in brief

A phylogeny of the
‘Wisconsin vascular flora
based on herbarium
specimen DNA!

Molecular Systematics - in brief

Sequencing of DNA PCR product

Illumina Sequencing Technology

Robust Reversitie Terminator Chemistry Foundation

now . . . Next Generation Sequencing




Molecular Systematics - in brief Molecular Systematics - in brief

. . Phylogenetic analysis
Sequencing of DNA PCR p
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Issues in Molecular Systematics

4. “Gene trees” # “Species trees” all the time (homology issue)

EEEE

Eventof g --femnmnnas
Speciation 11
Event of @-----=---==-~
Speciation |

-
5

« ”
ecompare orthologous
gene copies, not
“paralogous” copies

° big issue in molecular
systematics of all

Phylogenetic reconstruction
of genes A and

B EEE BB organisms

Incorrect:
Based on Orthologous Genes Based on Paralogous Genes

Phylogenetic
of Sp

onstruction
ies

Issues in Molecular Systematics

4. “Gene trees” # “Species trees” all the time (homology issue)

Sectional relationships of Clarkia Modified sectional relationships

—J— Phacostoma
m
59.0K mw

morphology morphology
+ Pgi duplication

L Myxocarpa Rhodanthos

" tucharidium Sympherica

Phacostoma

e Sympherica

Godetia 3 a3 - Eucharidium
Single origin of

duplicated gene

Rhodanthos

Issues in Molecular Systematics

4. “Gene trees” # “Species trees” all the time (homology issue
2)

Sectional relationships of Clarkia

—fl— Phacostoma
1955

morphology

L—— Myxocarpa

L —— Eucharidium

e Sympherica

Godetia

Rhodanthos

exhibit a

gene duplication of

‘ pgi

Lewis

Clarkia

Issues in Molecular Systematics

4. “Gene trees” # “Species trees” all the time (ho

Clarkia sections based on DNA sequencing of Pgi genes

DNA sequencing says no! |

et Gene copy 1

ez Gene copy 2

* Ancient duplication:
all sections originally
had two genes

Two gene trees that
mirror each other

** Note pseudogenes for
gene copy 2 in some
species




Issues in Molecular Systematics

4. “Gene trees” # “Species trees” all the time ology issue)

Phylogenetics

Advance Acosss publication Septamber 21, 2010

BUCKYy: Gene tree/species tree reconciliation with Bayesian
concordance analysis

Bret R. Larget'-2, Satish K. Kotha®, Colin N. Dewey®* and Cécile Ané'-2-*

' Department of Statistics, 2Department of Botany, “Department of Computer Sciences and “Department of
and Medical Informatics, University of Wi Madison, WI 53706, USA

continue to drop and multiple orthologous
ly available for a given set of individuals,
ogenetic trees are now commc inferred from multiple loci
at once. However, trees inferred from different loci are v
often incongruent with each other. While some of thi cordance
might be explained by stochastic and technical errors (undetected
ralogy or model misspecification), it has become obvious that
biological processes are often at the heart of the discordance,
including incomplete lineage sorting (ILS), whole genome
duplications, horizontal gene transfers or hybridization.
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Issues in Molecular Systematics

5. Horizontal gene transfer - endosymbiosis

Eukaryotes contain a

“fossil” history of 2-3
or even more distinct

lineages - a mosaic or
chimaera

reticulum

Smooth
endoplasmic
reticulum

Cytosol

Plasma
membrane

Issues in Molecular Systematics

5. Horizontal gene trar usion evolutic

° green algae
* red algae

* glaucophytes

Secondary plastid en

e cryptomonads
* dinoflagellates
* haptophytes, heterokonts

e ciliates




A matR, PHYC, 185 B nad1B-C

Unusual horizontal gene transfer between

Issues in Molecular Systematics -

J 1s imbedded in Malp
with most genes (A)

5. Horizontal gene transfer - parts of genomes

e evidence is mounting is imbedded in host
that bits and pieces of r— for one mtDNA gene (B
genomes (e.g., single et T =
gene) have and are still : :

being transferred across
species lines

Unusual horizontal gene transfer between

ryaphyie aud sadly fam Issues in Molecular Systematics

* Neochrome gene — for living in low
light conditions

6. Sampling issues =

Nymphacales

° gene sampling too little:
high levels of homopl:
lack of resolution

= Polyalthia
In Darkened Forests, Ferns Stole - ot ° taxa S'dlllplillg too little:
Gene From an Unlikely Source — and D o =
Then From Each Other I wceholder ues
o

* isolated taxa: long bra
attraction

1000 780 0 oMYA

Fig. 1 from L et al. 2014, Cick image for source.

1999 study of 50 seed plants, five g
and three genomes

Lietal, 2014 - PNAS




Issues in Molecular Systematics

4 4 t
6. Sampling issues [0 Suppor support

* gene sampling too little: f df o o A & am oo
h N Anthophyte” “Gnetales-Sister”
high levels of homoplasy &

lack of resolution support

* taxa sampling too little:
- J):2 o= - AN CY GI GN PI a
placeholder issues “Gnetifer” “Gnepine”

Fig. 1. Four major hypotheses of relationships among extant seed plant
lineages. AN = angiosperms; CY = cycads; GI = Ginkgo; GN = Gnetales;

* isolated taxa: long branch B ey e anias i
attraction
e all have been issues in seed

plant phylogenetics

Welwitschia
(Gnetophyte)

Genomics
Biogeography

Ecology

S

13 . . . .
Nothing in evolution makes sense except in
the light of molecular phylogenetics?”

Yes, in part

But, it is a two-way interaction

10



