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Molecular Systematics

. . . Macromolecules, 
Morphology, and Trees . . . 

Phylogenetic Tree of Life
Ernst Haeckel’s 1866 
“Tree of Life”

Tree of Life 150 Years Later?

http://tolweb.org/tree/phylogeny.html

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

“Nothing in biology makes sense except in the 
light of evolution” Theodosius Dobzhansky
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Placing evolution central in biology
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“Nothing in evolution makes sense except in 
the light of molecular phylogenetics?”

Placing molecular phylogenetics central in biology?

Molecules vs. Morphology?
How do you best “estimate” this tree of life?

Morphology, field 
studies, herbarium?

Hugh Iltis – emeritus Director of 
Herbarium and maize specialist

Zea mays - maize Tripsacum - teosinte

Molecules vs. Morphology?
How do you best “estimate” this tree of life?

Morphology, field 
studies, herbarium?

Hugh Iltis – emeritus Director of 
Herbarium and maize specialist

Macromolecules – DNA 
sequencing, genomics?

John Doebley– Iltis grad, Genetics 
faculty member and maize specialist

Molecules vs. Morphology?
Is the use of morphology suspect?

5 merous Oenothera mutant

CA 4   CO 4   A 4,8   G (4)
__

Modular plasticity in plants
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• convergence of unrelated 
species under similar 
selection pressure

Molecules vs. Morphology?
Is the use of morphology suspect?

• divergence of related 
species under different 
selection pressure

• convergence of unrelated 
species under similar 
selection pressure

Molecules vs. Morphology?
Is the use of morphology suspect?

Platanthera

Molecules and Morphology
Both approaches have issues and problems!
Assumptions and issues with molecular data more easily seen

Homoplasy increases with more species sampled

Hi CI

Low CI
MOLECULES

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

(Givnish & Sytsma, 1997a)

MORPHOLOGY

MOLECULES

MORPHOLOGY

Molecules and Morphology
Both approaches have issues and problems!
Assumptions and issues with molecular data more easily seen

Likelihood of correct 
estimate from 
molecular data is 
higher than that from 
morphological data

(Givnish & Sytsma, 1997b)

Likelihood of correct phylogenetic estimate
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Molecules and Morphology
Molecular classifications as 
the backbone

• Angiosperm Phylogeny 
Group classification

Issues in Molecular Systematics
1. Loss of information as you move away 
from DNA .  .  .

Issues in Molecular Systematics
1.  .  . and redundancy of genetic code, convergence not 
seen, selection not at DNA level 

Active sites in rbcL

Conserved sites in rbcL

Issues in Molecular Systematics
2. What macromolecule, what genome, what technique, 
what analysis? 

• Protein Genes
• AA sequencing
• Serology
• Duplications

• DNA
• DNA:DNA hybridization
• Restriction enzyme digestions
• DNA sequencing
• Genome rearrangements
• Genome sequencing
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Molecular Systematics - in brief
Extract DNA from plant tissue

A phylogeny of the Wisconsin vascular 
flora based on herbarium specimen 

DNA!

Molecular Systematics - in brief

Marissa Barrett
(graduated Botany major)

“CSI: On Wisconsin”

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

Ferns

Gymnosperms

Nymphaeales

Magnoliales

Piperales

Acorales

Alismatales

Asparagales

Commelinales

Dioscoreales

Liliales

Poales

Ceratophyllales

Ranunculales

Proteales

Saxifragales

Celastrales

Malpighiales

Oxalidales

Vitales

Crossosomatales

Cucurbitales

Malvales

Brassicales

Rosales

Fabales

Fagales

Sapindales

Geraniales

Myrtales

Apiales

Aquifoliales

Asterales

Santalales

Boraginales

Caryophyllales

Cornales

Dipsacales

Ericales

Gentianales

Lamiales

Solanales

Polymerase chain reaction (PCR) to amplify DNA segment

Molecular Systematics - in brief

“The Ghetto Guide 
to Genetics”

total DNA

millions of copies 
of target region

Sequencing of DNA PCR product

.  .  . ACGGTCCA .  .  .

Molecular Systematics - in brief

now . . . Next Generation Sequencing
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Sequencing of DNA PCR product

.  .  . ACGGTCCA .  .  .

Molecular Systematics - in brief

Alignment of DNA sequence

Phylogenetic analysis
Parsimony, distance

Likelihood

Bayesian

Molecular Systematics - in brief

Use of phylogeny
Classification

Character evolution

Biogeography

Diversification analysis

Community assembly

3. “Gene trees” =  “Species trees” all the time (hybridization issue)/

Issues in Molecular Systematics

Salvia (sage mints) in 
California

Jay Walker

Bryan Drew

“Chloroplast Capture”
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4. “Gene trees” =  “Species trees” all the time (homology issue)

•compare “orthologous”
gene copies, not 
“paralogous” copies

• big issue in molecular 
systematics of all 
organisms

Issues in Molecular Systematics
/ 4. “Gene trees” =  “Species trees” all the time (homology issue)/

Issues in Molecular Systematics

Sectional relationships of Clarkia

Lewis
Clarkia

Red sections exhibit a 
gene duplication of 
pgi

4. “Gene trees” =  “Species trees” all the time (homology issue)/
Modified sectional relationships

Issues in Molecular Systematics

Sectional relationships of Clarkia

Lewis

Single origin of 
duplicated gene

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

Issues in Molecular Systematics

DNA sequencing says no!

/
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As sequencing costs continue to drop and multiple orthologous
genes become easily available for a given set of individuals,
phylogenetic trees are now commonly inferred from multiple loci
at once. However, trees inferred from different loci are very
often incongruent with each other. While some of this discordance
might be explained by stochastic and technical errors (undetected
paralogy 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.

Issues in Molecular Systematics
/4. “Gene trees” =  “Species trees” all the time (homology issue)

Cecile Ane

Bret Larget

5. Horizontal gene transfer - endosymbiosis

Eukaryotes contain a 
“fossil” history of 2-3 
or even more distinct 
lineages - a mosaic or 
chimaera

Issues in Molecular Systematics

“mitochondria” transfer -
2,000 mya

“chloroplast” transfer -
1,600 mya

5. Horizontal gene transfer - endosymbiosis

Issues in Molecular Systematics

Primary plastid endosymbiosis

• green algae
• red algae
• glaucophytes

Secondary plastid endosymbiosis

• cryptomonads
• dinoflagellates
• haptophytes, heterokonts
• ciliates

5. Horizontal gene transfer - fusion evolution

Issues in Molecular Systematics
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5. Horizontal gene transfer - parts of genomes

• evidence is mounting 
that bits and pieces of 
genomes (e.g., single 
gene) have and are still 
being transferred across 
species lines

Issues in Molecular Systematics

Parasite: Rafflesia

Host: Tetrastigma (Vitaceae)

• Rafflesia is imbedded in Malpighiales
with most genes (A)

Unusual horizontal gene transfer between 
parasite and host

• Rafflesia is imbedded in host Vitaceae
for one mtDNA gene (B)

Davis & Wurdack, 2004 - Science

• Neochrome gene – for living in low 
light conditions 

Unusual horizontal gene transfer between 
bryophyte and early fern

Li et al, 2014 - PNAS

6. Sampling issues

Issues in Molecular Systematics

• gene sampling too little: 
high levels of homoplasy & 
lack of resolution

• taxa sampling too little: 
placeholder issues

• isolated taxa: long branch 
attraction

1999 study of 50 seed plants, five genes, 
and three genomes
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6. Sampling issues

Issues in Molecular Systematics

• gene sampling too little: 
high levels of homoplasy & 
lack of resolution

• taxa sampling too little: 
placeholder issues

• isolated taxa: long branch 
attraction

Welwitschia
(Gnetophyte)

• all have been issues in seed 
plant phylogenetics

“Nothing in evolution makes sense except in 
the light of molecular phylogenetics?”
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Yes, in part
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But, it is a two-way interaction

1. Genomics

2. Biogeography

3. Ecology Phylogeny

Development

Genomics
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Biogeography
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Future of Molecular Systematics


