v

@ 1 CCATCAGAGTCC
2 CCATCAGAGTCC

}

Deletion
9 1 CCATCAGAGTCC

> CCATCAGAGTCC Types of mutations that

normally occur
Insertion

}

€ 1 CCATCAAGTCC
2 CCATGTACAGAGTCC

* \ Orange sections no longer align

0 1 CCAT__ _CA_AGICC only with addition of gaps
2 CCATGTACAGAGTCC  Willtheyalign

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.

It is also important to distinguish homology from analogy in molecular similarities

Mathematical tools help to identify molecular homoplasies, or coincidences

ACGGATAGTCCACTAGGCACTA
TCACCGACAGGTCTTTGACTAG

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.

* Molecular systematics uses DNA and other molecular data to determine evolutionary
relationships

Shared characters are used to construct phylogenetic trees
» Cladistics groups organisms by common descent
* Aclade is a group of species that includes an ancestral species and all its descendants

* Avalid clade is monophyletic, signifying that it consists of the ancestor species and all its
descendants

* A paraphyletic grouping consists of an ancestral species and some, but not all, of the
descendants

* A polyphyletic grouping consists of various species that lack a common ancestor
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Includes all descendants

A

GroupI

(a) Monophyletic group (clade)

F

G

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.

E | Group Il

F

G

(b) Paraphyletic group

79-Shared Ancestral and Shared Derived Characters

E | Group III
F

G

(c) Polyphyletic group

In comparison with its ancestor, an organism has both shared and different characteristics

* A shared ancestral character is a character that originated in an ancestor of the taxon

* A shared derived character is an evolutionary novelty unique to a particular clade

* A character can be both ancestral and derived, depending on the context, it is useful to know
in which clade a shared derived character first appeared

Vertebral column
(backbone)

Hinged jaws

Four walking legs

CHARACTERS

Amniotic (shelled) egg
Hair

(a) Character table

£

Lancelet
(outgroup)
Lamprey
Tuna
Salamander
Turtle
Leopard

i

Copyright @ 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.

Vertebral
column

Hinged jaws

Four walking legs

Amniotic egg

(b) Phylogenetic tree

Hair

Lancelet 4
(outgroup) [

Lamprey ==

Tuna = "

* An out-group is a species or group of species that is closely related to the in-group, the various
species being studied

+ Systematists compare each in-group species with the out-group to differentiate between
shared derived and shared ancestral characteristics

80-Shared Ancestral and Shared Derived Characters

. Homologies shared by the out-group and in-group are ancestral characters that predate the
divergence of both groups from a common ancestor

Phylogenetic Trees with Proportional Branch Lengths

* In some trees, the length of a branch can reflect the number of genetic changes that have
taken place in a particular DNA sequence in that lineage
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In other trees, branch length can represent chronological time, and branching points can be
determined from the fossil record

Copyright © 2008 Pearson Education, Inc.. publishing as Pearson Benjamin Cummings.

Systematists can never be sure of finding the best tree in a large data set

They narrow possibilities by applying the principles of maximum parsimony and maximum
likelihood

Maximum Parsimony and Maximum Likelihood

Maximum parsimony assumes that the tree that requires the fewest evolutionary events
(appearances of shared derived characters) is the most likely

The principle of maximum likelihood states that, given certain rules about how DNA changes
over time, a tree can be found that reflects the most likely sequence of evolutionary events

81-Evolution of Definitions of Ecology

Ecology = from the Greek root OIKOS, “at home”, and OLOGY, “the study of’ Haeckle (1870):

“By ecology we mean the body of knowledge concerning the economy of Nature - the
investigation of the total relations of the animal to its inorganic and organic environment.”

Burdon-Sanderson (1890s): Elevated Ecology to one of the three natural divisions of Biology:
Physiology - Morphology - Ecology

Elton (1927): “Scientific natural history”
Andrewartha (1961): “The scientific study of the distribution and abundance of organisms”

Odum (1963): “The structure and function of Nature”

Our Definition

“Ecology is the scientific study of the processes regulating the distribution and abundance of
organisms and the interactions among them, and the study of how these organisms in turn
mediate the transport and transformation of energy and matter in the biosphere (i.e., the study
of the design of ecosystem structure and function).

Beyond Fundamental Ecology Applied Ecology:
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Using ecological principles to maintain conditions necessary for the continuation of present day
life on earth.

Industrial Ecology

* The design of the industrial infrastructure such that it consists of a series of interlocking
"technological ecosystems" interfacing with global natural ecosystems.

* Industrial ecology takes the pattern and processes of natural ecosystems as a design for
sustainability. It represents a shift in model from conquering nature to becoming nature.

Ecological Engineering

* Unlike industrial ecology, the focus of Ecological Engineering is on the manipulation of natural
ecosystems by humans for our purposes, using small amounts of supplemental energy to
control systems in which the main energy drives are still coming from non-human sources.

+ ltis the design of new ecosystems for human purposes, using the self-organizing principles of
natural ecosystems.

82-Ecological Economics

Over 3.5 billion years of “microbes”

Micro-fossils of “cyanobacteria” and contemporary stromatolites.
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v

Eukaryotic microbes appear

Prokaryotes appear Plants and animals appear

Cyanobacteria introduce significant
Earth’s crust cools amounts of O, into atmosphere

4 3 2 0

ENDOSYMBIONT HYPOTHESIS proposes CHLOROPLAST
that mitochondria formed after a prokaryote MITOCHONDRION
that had evolved into an early eukaryote en-
gulfed (#) and then kept (b) one or more al-
pha-proteobacteria cells. Eventually, the
bacterium gave up its ability to live on

its own and transferred some of its

genes to the nucleus of the host

(c), becoming a mitochondri-

on. Later, some mitochondri- SYMBIONT

>Cell acquires second symbiont,
which becomes the chloroplast

CYANOBACTERIAL @

@FOOD® @

o‘ril-bearing em;:n m%he:': — ymbiont loses many
ed a cyanoba y " genes,and some genes

became the chloroplast (d). transfer to nucleus

Acquisition of aerobic

i respiration from alpha-
b Eukaryote retains bacterium

PRIMITIVE - ; roteobacterium.
EUKARYOTE as a symbiont P
CHROMOSOME
NUCLEUS
INTERNAL MEMBRANE Q @ @
CYTOSKELETON BACTERIAL FOOD Acquisition of photosynthesis

(ALPHA-PROTEQBACTERIUM) i
and Calvin Cycle from

cyanobacterium.

a Cell loses wall, grows, acquires other
PROng“:OTE eukaryotic features and ingests a bacterium
RIBOSOME
MEMBRANE A
CELL WALL : : -Happened more than once?

Major challenges for endosymbiotic theory
1. Most extant prokaryotes have rigid cell walls and don’t do phagocytosis.

2. Hard to explain the nucleus (!) and flagella. (Eukaryotic flagella have a 9+2 arrangement of
protein strands, vs. single strand for prokaryotic flagella.)

83-Evolution of Microbes
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84-Phylogenetic Tree of Life

Bacteria Archaea Eucarya
Animals
Green nonsulfur Entamoeba  Slime
bacteria molds
Fungi
Grapy Methan in ’
Spirochetes positive anesarcina Halobacteria Plants
: Methano-
_\ bacteria bactarium n
Proteobacteria Thermococcus Meth Ciliates
ethano-
Thermoproteus\ coccus Thermoplasma
Cyanobacteria Pyrodictium
Flavobacteria Flagellates
Trichomonads
Thermotoga
Aquifex Microsporidia
Diplomonads

Rooted Tree based on 16SrRNA and 18SrRNA sequence data.
All extant life has evolved; evidence lost by extinction.

How does evolution work? We need to consider the molecule processes!

Genotype Phenotype

@A - RNA » Protein

Replication Transcription Translation
mRNA Bibog

tRNA

7\

molecule)
...... Protein
Inheritance Cell structures
of | and functions
DNA language Appllg?tlons

DNA language
Bacterial Genomes
* Plasmids:
— Size: 2-200 bp
— Conjugative or not
— Copy number varies

— Gene functions vary
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metE

metA
purD,H
thiA,B,C i‘

D
— c
ABC pyrA B
leu A

| proA,B
—Ly_, argF

argl
pyrB

thr

100/0

Escherichia coli

moow>

serA — 50 G
fysA 7 W'-TWH--'T § D
thyA pheA purF \, “hisqC
argA metG | B
e pyr T tyrA aroC H
aroF
D cys cysA,K A
H purC f
Z cysA K EY

Scope of Mutation:

A mutation is any change in the proper nucleic acid sequence of a specific gene in a cell’s
genome. It may result from a single base pair mismatch during DNA replication.

Mutation can create genetic diversity within a population; either beneficial, neutral, bad, or
lethal.

Mutation could result in a new phenotype that is advantageous to successful reproduction of
the mutated individual; this depends on particular environmental conditions, called selective

pressures.

Such beneficial mutations stay within a population from generation to generation, and drive the
evolution of that species.

Bad or lethal mutations are often lost from a population over subsequent generations.
Mutation types:

Macrolesions (large sequence sections)

* Deleted a-b-c-d-e-f-g-h — a-b-c-g-h

* Inserted a-b-c-d-e-f-g-h — a-b-c-d-x-y-z-e-f-g-h
* Inverted a-b-c-d-e-f-g-h — a-b-c-f-e-d-g-h

* Duplicated a-b-c-d-e-f-g-h — a-b-c-d-e-f-d-e-f-g-h

Microlesions (1 or 2 bp alteration)

Point Mutations (Base Substitutions) ACTG — ATTG

Frameshifts (Insertions or Deletions)

see the cat eat the rat — see thc ate aftt her at

Mechanisms of microlesion mutation types

Spontaneous (1 per million; most corrected; 1 per billion remain)

Chemical mutagens

Radiation as mutagens
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85-Genetic Recombination

Genetic Recombination:

« Two DNA molecules may recombine segments of their molecule in a process called crossing
over.

* This is a relatively common event between chromosome copies in eukaryotes during meiosis.
(Note the example here.)

»  Prokaryote chromosomes, viral DNA, and smaller fragments of “foreign” DNA may
recombine, adding new genes (or different alleles) to an individual cell.

»  Bacteria can receive a foreign source of DNA for recombination through one of three different
mechanisms of Genetic Exchange.

e f g h i
Chromosome A I T
Chromosome B ([ | | | |

E F G H |

e f g H I

C 1T |

Crossing over

E F G h i

e f g H |
Recombinant I = N I S

chromosomes QGG
E F G h i

Horizontal Gene Transfer(= lateral gene exchange)
+ Conjugation

 Tranformation

 Transduction

RECIPIENT
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