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Objectives

1. Define systematics, taxonomy and phylogeny.

2. Correctly name a species.

3. List the levels of biological organization.

4. Interpret phylogenetic trees.

5. Describe how phylogenetic trees are created.

6. Describe the discoveries regarding life deriveanfighylogenetics.
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A. Classification
e Systematics

* Grouped on similarity

» Subdivided on greater similarities

* Taxonomy

* Phylogeny

1. Species Names
* Developed by Carolus Linnaeus
* Genus

* specific epithet

» Species




2. Classification Levels
* Levels of Organization

» Species ~ ‘l‘”g—Species:
Panthera pardus
* Genus (Genera) ————————Genus:
: : Panthera
* Family . —— Family:
: Felidae
* Order ———Order:
Carnivora
* Class Class:
= Mammalia
e Phylum (animals) \\ i
. . . ——  Phylum:
Division (everything else) =~ Chordata
- {73\ i:> —" ;@O =)
« Kingdom Don;;in:\ Kingdom: —~— =
Bacteria C,/m’_‘_‘?l' Domain:
* Domain <> < Archaea
Domain:
Eukarya
* Taxon (taxa)
» Subdivided by prefixes
* Super
« Sub
Gray Wolf Kentucky Bluegrass Ergot E. coli
Domain  Eukarya Eukarya Eukarya Bacteria
Kingdom Animalia Plantae Fungi Eubacteria
Phylum Chordata Anthophyta Ascomycota Proteobacteria
(Division)
Class Mammalia Monocotyledones Pyrenomycetes Gammajateeria
Order Carnivora Cyperales Clavicipitales Enterobadiesia
Family  Canidae Graminiae (Poaceae) Clavicipitaceae rélpaeteriaceae
Genus  Canis Poa Claviceps Escherichia
Species Canislupus Poa pratensis Claviceps purpurea Escherichia coli



3. Phylogenetic Trees Order Family Genus Species

M ﬁ
o 3 po
= = Panthera \,\
» Based on relatedness o e pardus ?
. . . ] (leopard)
» Continuously being refined
o g :
) X, Taxidea
22‘. § § taxus )
« Branch points S & (American
o 5 badger)
D | gl
o o =} Lutralutra epe=
Polytomy 2 (European |, /
otter) A‘{r
+ Line length Canis “+Y7
€ lengths (o) latrans Vf“
5 % (coyote) /) _
g 3, Vi
g ° "
* Roots Canis
lupus
(gray wolf)
* Outgroup (Basal Taxon)
Branch point:
where lineages diverge Taxon A
Taxon B .
Sister
taxa
Taxon C
Taxon D
Taxon E
ANCESTRAL
LINEAGE Taxon F
Basal
Taxon G} -
This branch point This branch point forms a
represents the polytomy: an unresolved
common ancestor of pattern of divergence.
taxa A-G.
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B. Inferring Phylogenies
e H I Ch teristi
omologous Characteristics @ 1 CCATCAGAGTCC

2 CCATCAGAGTCC

‘ Deletion
1 CCATCAGAGTCC

. . 2 CCATCAGAGTCC
e Similar structures derived
independently (analogous) (GT A) Insertion

}

e Synapomorphies

 Homoplasies 9

* Occur anatomically and molecularly 3 1 CCATCAAGTCC
. Must judge homology 2 CCATGTACAGAGTCC
* Are structures simple or complex? ¢
4

1 CCAT___CA_AGTCC
2 CCATGTACAGAGTCC
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« Does gene make same structure?

* Does a large sequence of nucleotides align?
ACGGATAGTCCACTAGGCACTA
TCACCGACAGGTCTTTGACTAG

1. Constructing Phylogenies
e Shared Characteristics
* Ancestral

* Derived

» Segregates ingroup from outgroup



TAXA

53 :
8% 8 o 2 o
¢ Assume state changes rare % E] % o g '% b
48 40 o &£ B 4
Vertebral
column| O 1 1 1 1 1
(backbone)

. Hinged jaws | 0 0 1 1 1 1
« Fewest changes most likely R

Four walking 0 0 0 1 1 1
legs

CHARACTERS

Amnion| 0 0 0 0 1 1

* Parsimony
Hairl 0 | 0 | 0 | 0 | 0 | 1

(a) Character table

e Maximum Likelihood Lancelet
(outgroup) >

Lamprey
e
Bass (j(w;;{
Vertebral
column a
Frog o
Hinged jaws 3
Four walking legs Turtle w‘
A I Leopard §€§~2«%§ %

Hair <

(b) Phylogenetic tree

\
15%
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10% ‘L
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Tree 1: More likely Tree 2: Less likely
(b) Comparison of possible trees



2. Clades

» Offspring of single ancestor

(a) Monophyletic group (clade) (b) Paraphyletic group (c) Polyphyletic group
A A A
B | Group I B B i I
C C C
D D
E Group I1 E
F F
G G G
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* Monophyletic

» Paraphyletic

* Polyphyletic

C. Discoveries From Phylogenetics

» Different genes evolve at different rates

* Molecular clock
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Divergence time (millions of years)



Genes have duplicated in organisms

b OrthOIOgOUS genes Formation of orthologous genes: Formation of paralogous genes:

a product of speciation

Ancestral gene

within a species

Ancestral gene

f—/% r \
Ancestral species Species C
* Paralogous genes ‘Speciation with Gene duplication and divergence
divergence of gene

/N

Orthologous genes

Paralogous genes

Species A Species B Species C after many generations
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* Horizontal Gene Transfer

e Three Domains of Life

Sulfolobus

Thermophiles .

Halophiles COMMON
ANCESTOR
OF ALL

LIFE

Green

Methanobacterium

Archaea

©2011 Pearson Education, Inc.

nonsulfur bacteria

Spirochetes

sulfur bacteria

Cyanobacteria
(Plastids, including
chloroplasts)

(Mitochondrion)

= Chlamydia

Bacteria




