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Phylogeny & Systematics

f An unexpected family tree. What are the

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.




_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
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Fossil record

= Sedimentary rock are richest source of
fossils
+ fossil record is a substantial, but
incomplete, chronicle of evolutionary
history
= spotty historical documents of biology
¢ history of life of Earth
is punctuated by
mass extinctions

5000 year old ice mummy found on an Alpine =g
ridge dividing Austria from Italy at 10,500 feet :
above sea level. e




Paleontology
= Study of fossils

+ fossils provide the strongest
evidence of change

+ links past & current organisms

Woolly mammoth tusks

@ Rivers bring sediment to
the ocean. Sedimentary rocks
containing fossils form on the
ocean floor.

@ Over time, additional strata
are added, containing fossils
from each time period.

© As sea levels change
and the seafloor is pushed
upward, sedimentary rocks
are exposed. Erosion by
rivers reveals strata; older
strata contain older fossils.

Younger stratum with
more recent fossils

Older stratum with

older fossils 14-2005




Fossils
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_/Building phylogenies

= Morphological & molecular homologies

¢ similarities based on shared ancestries

= bone structure
= DNA sequences

+ beware of analogous structures

= convergent evolution
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Evaluating molecular homologies

H H € Ancestral homologous
= Allgnlng DNA DNA seqments are 1 CCATCAGAGTCC
identical as species 1 2 A AGAGT
sequences and species 2 begin to U NENETEE
diverge from their
. common ancestor.
+ more bases in |
Deletion
- #) Deletion and insertion
common mutations shift what 1 CEATEHOREIEE
had been matching 2 CCATCAGAGTCC
more CI()ser sequences in the two
species. Insertion
related |
* analyzed by €) Homologous regions
(yellow) do not all 1 CCATCAAGTCC
SOftware align because of these 5 \c c ATGTACAGAGTCC

mutations.

A ATAGT ACTA ACTA @ Homologous regions
cEs i ¢ S Gl realign after a com- 1 CCAT CA AGTCC

TCACCGACAGGTCTTTGACTAG gg;ﬁﬁﬁ%ﬁgfﬁ? 2lccATIEAIC ABIAGTCC

beware of molecular homologies




Panthera
pardus

Species

Systematics

O 3 | Panthera

= Connecting

classification to e I

phylogeny Family

¢ hierarchical system == _
. Order

¢ Linnaean system

+ binomial system Mammaia
= genus
= species Chordata

G -\-‘(- Animalia
Kingdom
[=] = =
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Building trees o
~ 7 AL
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C o n n e Ctl o n & Panthera Mephitis Lutra lutra Canis Canis
© pardus mephitis (European familiaris lupus
between é (leopard) (striped skunk)  otter)  (domestic dog) (wolf)
classification
& phylogeny
% Panthera Mephitis Lutra Canis
(G
= I l I
E Felidae Mustelidae Canidae
'S
Tracing possible evolutionary
relationships between some 5
° Carnivora
of the taxa of the order 5

Carnivora, a branch of the
class Mammalia.




_/Nlustrating phylogeny
= Cladograms
« patterns of shared characteristics
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Lancelet in.._.f "t %" T
(outgroup) Lamprey Tuna Salamander Turtle Leopard

Classify organisms
according to the
order in time at
which branches
arise along a

ap phylogenetic tree

Amniotic egg

Four walking legs

Vertebral column
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Molecular Systematics
= Hypothesizing phylogenies using molecular
data

+ apply principle of parsimony
= simplest explanation

= fewest evolutionary events

hypothetical bird -\

species

A

.
.

.
Species Speci es
||| S}

1 [ v [ m ] O M ]

[
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Three possible c hypo

Species
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Parsimony

= Choose the “tree” that explains the
data invoking the fewest number of

evolutionary events

8 events

9 events 10 events
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\ParS|monv & analogy vs. homology

N
W, ™,
e b a—
leard Blrd Mammal Lizard Bird Mammal
Four-chambered
heart

Four-chambered
heart

Four chambered
heart

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

Phylogenetic trees are hypotheses
Which is the most parsimonious tree?

AP Biology 2004-2005
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Modern Systematics

= Shaking up some trees!

—

Lizards Snakes

Crocodiles are
now thought to
be closer to
birds than

ap other reptiles

Crocodiles
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e
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

Tell me a
aboué the ral

AP Biology
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Molecular clocks
T iati 0.20 1 HIV-1M samples were collected from
race variations patients between early 1980s & late
in genomes to 1990s. The gene evolved at a relatively
dat luti @ constant rate. Concluded that HIV-1M
ate evolutionary g strain first infected humans in 1930s. * %
changes § 0.15 o3 o
§
=
. T
Rate of change is ¢
[ =1
calculated and g0
then extrapolate
Q
back &
r;;-’ 0.05 |
What does this
assume?
0 T T T T |
i 1900 1920 1940 1960 1980 2000
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Universal Tree of Life
" 3 Domains Bacteria Eukarya Archaea
. 9 @) Symbiosis of
+ Bacteria

chloroplast
ancestor with
+ Eukarya
o Archaea

ancestor of
green plants

\ € Symbiosis of
V| mitochondrial
ancestor with
ancestor

of eukaryotes

Billion years ago

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

@ Last common
Oriain of lif ancestor of all
4 IGIREENIE living things
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