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Phylogeny & Systematics
.
y /
(‘ An une.xpected far.nilv tl:ee. What are the
b evolutionary relationships among a human, a

mushroom, and a tulip? Molecular systematics
has revealed that—despite appearances—
animals, including humans, and fungi, such as
mushrooms, are more closely related to each
other than either are to plants.
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Building phylogenies

* Morphological & molecular homologies
— similarities based on shared ancestries
* bone structure
* DNAsequences
— beware of analogous structures
» convergent evolution f_/

£

arsupial mole

placental mole
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Phylogeny & Systematics

* Phylogeny

— evolutionary history of a species
— based on common ancestries inferred from

« fossil record

* morphological & biochemical resemblances

* molecular evidence

* Systematics

— connects classification
system to phylogeny by
categorizing & naming

organisms

2004-2005

Evaluating molecular homologies

+ Aligning DNA
sequences
—more bases in

common = more
closely related

—analyzed by
software

GATAGTCCACTAGGCACTA

AC

G
TCACCGACAGGTCTTITGACTAG

€ Ancestral homologous.
DNA segments are
identical as species 1
and species 2 begin to
diverge from their
common ancestor

@ Deletion and insertion
mutations shift what
had been matching
sequences in the two
species

© Homologous regions
(yellow) do not ail
align because of these
mutations

© Homologous regions
realign after a com-
puter program adds
9aps in sequence 1

1 CCATCAGAGTCC
2 CCATCAGAGTCC

Deletion

1 CCATCA GTCC

2 CCATCAGAGTCC
(GT_A) Insertion

1 CCATCAAGTCC
2 CCATGTACAGAGTCC

V

1 CCAT CA AGTCC
2 CCATGTACAGAGTCC
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Systematics lllustrating phylogeny

® Connecting classification ; >  Cladograms
to phylogeny R P — patterns of shared characteristics

# hierarchical system

# Carolus Linnaeas > . @f :
/ £ e EF e SO
i i SPaC | o v S
* Blnomlal nomenclature L ((',':{;32'.7; Lamprey Tuna Salamander Turtle Leopard
= genus = = H
= species

Classify organisms according to
the order in time at which
branchesarise along a
phylogenetic tree

lllustrating phylogeny Molecular Systematics

+ Page 538 fig. 26.5: How to Read a Phylogenetic « Hypothesizing phylogenies using molecular data
Tree e O How taada tocked i Snc — apply principle of parsimony
wheee lineages diverge TaxonA + simplest explanation
TaxonB | g « fewest evolutionary events that explain data
TaxonC e
| Taxon O
AGRERIE Texon hypothetical b!rd e 3 PN
e Taxon F species Species. Species Species
‘ - (5]
52l
. TaxonG “yavon
DE @D D@ M@ o ® m
PSS . btk 3 possible phylogenies | ' | | 1131
common ancestor of pattern of divergence. (there are more)

taxa A-G.

2004-2005
Three possible phylogenetic hypotheses



Parsimony

» Choose the “tree” that explains the data

invoking the fewest number of evolutionary
events

To identify the most
parsimonious tree, we total all the base-
change events noted in steps 3-6 (don't
forget to include the changes for site 1, on
the facing page). We conclude that the
first tree i the most parsimonious of these
three possible phylogenies. (But now we
must complete our search by investigating
the 12 other possible trees.) Sevents

DmmVM ODWMGOM ODmMm

9 events 10 events.

2004-2005

Modern Systematics

+ Shaking up some trees!

Lizards Snakes Crocodiles Birds

Crocodiles are now
thought to be closer to
birds than other reptiles
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Parsimony & analogy vs. homology

Bird Mammal

Four-chambered
heart

Four-chambered
Four-chambered heart
heart

(a) Mammal-bird clade (b) Lizard-bird clade

Phylogenetic trees are hypotheses
Which is the most parsimonious tree?

2004-2005

Of Mice and Men...

< Evolving genomes

— now that we can compare the entire genomes of
different organisms, we find...
» humans & mice have 99% of their genes in common

* 50% of human genes have a close match with those of
yeast!

— the simplest eukaryote

o
George..
‘. .’




Universal Tree of Life

. Bacteria Eukarya Archaea
3 Domains 0

— Bacteria
— Eukarya !
— Archaea

Billion years ago

(1]

Origin of life

© Symbiosis of
chloroplast
ancestor with
ancestor of
green plants

© Symbiosis of
mitochondrial
ancestor with
ancestor
of eukaryotes

@ Possible fusion
of bacterium
and archaean,
yielding ancestor
of eukaryotic cells

© Last common
ancestor of all
living things

The Origin of Life is Hypothesis

Special Creation

— Was life created by a supernatural or
divine force?

— not testable
Extraterrestrial Origin
— Was the original source of organic
(carbon) materials comets & meteorites
striking early Earth?
— testable
Spontaneous Abiotic Origin

— Did life evolve spontaneously from
inorganic molecules?
— testable
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"g “..sparked by just the right combination

of physical events & chemical processes..."

Conditions on early Earth

« Early atmosphere

— water vapor (H,0), CO,, N,, NO,, H,, NHj,
CH,4, H,S

—no free oxygen

* Energy source

— lightning, UV radiation,
volcanic
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Origin of Organic Molecules

Electrodes discharge
sparks

Stanley Miller

+ Abiotic synthesis ) (ghiin smuaion)
—(13920' ¢ Hald ' University of Chicago
parin & Haldane
propose reducing |
/
atmosphere e, == produced §

hypothesis | o
—1953

Miller & Urey

test hypothesis A

-amino acids

-hydrocarbons
-nitrogen bases
-other organics

« formed organic [ (o NG 2
Compounds r \ 2 ﬁCondensed liquid
— amino acids Rt | ‘ ;l:;::lt:mnlex,
— adenine Heated water | molecues

("ocean’)

Origin of Cells (Protobionts) Key Events in Origin of Life

o- |Ceno-
Moo |zoie

L . o©
. H Humans
Bubbles — separate inside from outside « Key events in
— metabolism & reproduction ; ;
proguction evolutionary history  uapums
20 um . AT
— of life on Earth e
Gl -phosph H P
HoE P — life originated 3.5—
Phosphorylase
4.0 bya
Starch
Phosphate ’ Amylase
Maltose
Maltose l:ll:::is‘:l‘:;ar
(a) Simple reproduction. This lipo- (b) Simple metabolism. If enzymes—in this case, N
some is “giving birth” to smaller phosphorylase and amylase—are included in the Singl "ed/ Prokaryotes
liposomes (LM) solution from which the droplets self-assemble, ngle-cel
some liposomes can carry out simple metabolic "

reactions and export the products. 0;{&1;3;?::;;':4
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Prokaryotes Oxygen atmosphere

+ Oxygen begins to accumulate 2.7 bya
« evidence in banded iron in rocks = rusting
» makes aerobic respiration possible

* Prokaryotes dominated life
on Earth from 3.5-2.0 bya

3.5 billion year old
fossil of bacteria

chains of one-celled
cyanobacteria

Atmospheric
oxygen

i ~2bya inai
First Eukaryotes . Endosymbiosis
. + Evolution of eukaryotes
+ Development of internal membranes _ origin of mitechendria
— create internal micro-environments - g'r:jgulf?gaerct)l:::: bacteria, but
_ . . . —i .. Id not digest em
advantage: specialization = increase em(:lenrﬁc(learenvelope — mutually beneficial relationship

endoplasmic
infolding of the plasma reticulum (ER)
plasma membrane membrane

* natural selection!
Oxygen-genersting
o s

nucleus internal membrane

aerobic bacterium mitochondrion

system

DNA 7

plasma

N membrane
Prokaryotic Prokaryotic —
cell ancestor of cell Ancestral Eukaryotic cell
eukaryotic cells ' 1 © )
eukaryotic cell with mitochondrion



Endosymbiosis iwin -

mitochondrion

+ Evolution of eukaryotes
— origin of chloroplasts
— engulfed photosynthetic bacteria,
but did not digest them
— mutually beneficial relationship

« natural selection!  photosynthetic
bacterium

chloroplast

Endosymbiosis mitochondrion

Eukaryotic cell with
chloroplast & mitochondrion

Cambrian explosion

« Diversification of Animals
— within 10—20 million years most of the major phyla of

Spanges
Cnidarians
Echinoderms
Chordates
Annelids
Mollusks
Arthropods

Brachiopod:

Singlocollod
oukaryotes

Oxygen-generating
Photosynihesis
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Theory of Endosymbiosis

* Evidence

— structural
* mitochondria & chloroplasts
resemble bacterial structure
— genetic
* mitochondria & chloroplasts
have their own circular DNA, like bacteria
— functional

* mitochondria & chloroplasts
move freely within the cell

* mitochondria & chloroplasts
reproduce independently
from the cell

Cretaceous extinction ‘f

The Chicxulub impact crater in the Caribbean
Sea near the Yucatan Peninsula of Mexico
indicates an asteroid or comet struck the earth
and changed conditions 65 million years ago

NORTH
AMERICA

o+— Chicxulub

Yucatat " crater
Peninsula



Early mammal evolution

+ 125 mya mammals
began to radiate
out & fill niches
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