LIFE ON PLANET EARTH



VIEWPOINTS ON LIFE'S ORIGINS

Controversial topics in the origin of life

Heterotrophic origin
Complex prebiotic
chemistry and simple
metabolism

Autotrophic origin
Simple chemical
ambient and complex
metabolism

Genetics first
Early, spantaneous, self-
replicative polymers

Metabolism first
Primitive bioenergetic
mechanisms

Cells as latecomers
Cells as mere compartments
for replicators

Cells as early invents
Cells as necessary elements
for bioenergetics
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THEORIES OF LIFE ORIGINS

SPONTANEOUS GENERATION — LIFE CAN COME FROM NONLIVING THINGS.
BIOGENESIS — LIFE ONLY COMES FROM OTHER LIVING THINGS

COSMOGENESIS — LIFE ON EARTH CAME FROM ANOTHER PART OF OUR SOLAR SYSTEM OR
GALAXY

* METEORITES CONTAIN ORGANIC COMPOUNDS
* CONDITIONS NECESSARY FOR LIFE MAY HAVE EXISTED ON OTHER PLANETS OR MOONS

SPECIAL CREATION — ALL RELIGIOUS BELIEFS



Spontaneous Generation

ABIOGENESIS- creation without life.

Spontaneous Generation was the mistaken idea that
life can arise from non-living materials. We -
now believe the cell theory. The cell theory &%

states that all cells come from pre-existing ‘-t SN

e

-~

cells.

Ancient Egyptians believed that eels and frogs
came from the mud of the Nile.

Aristotle "active principle” responsible for life:

fleas come from sweat
mice come from garbage
flies and maggots come from dead and -

decaying meat
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® BIOGENESIS: PASTEUR EXPERIMENT

Key Scientists — Origin of Life

w t \ Louis Pasteur (1822-1895)
al : * Experiment: Boiled broth and enclosed it

ae | BB in an “S” curved neck flask. It was open
. and exposed to air, however not directly.

W™ . \ o " Exposed for 1 year, no microorganisms; \
- - : o Removed “S” curve and exposed it for 1
day! = microorganisms
s + Conclusion: Spontaneousgeneration was
disproved and hiogenesistheory was cf'i ?] | —*> o~ —
substantiated. (Confirmed, make real or y
No growth ( >

BO'I actuated) Contamination came from other

microorganisms, not “air”.
3 ‘ *« Modern biologists support biogenesis, the &/ é&(&
b wan idea that “livingorganisms only come
b\ s S e from other living organisms.” —
N : Y

+ Thatthen brings up the question of how
life began on Planet Earth.

pN N > s . « |If Life can only come from life, we know at
: . some pointthere had to be a start to
r1 Microbial “life” ... —* s
BO|| B[edk stem growth — Where would you start looking for

early life?
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- S ¢ Four Stage HYPOthesis &

(’\

- % 1) Abiotic synthesis of small organic molecules; amino
acids, nucleotides

% 2) Joining of these molecules into polymers; proteins,
nucleic acids

% 3) Origin of self-replicating molecules that made
inheritance possible

% 4) Packaging into Protobionts—droplets with
- membranes and an inner chemical composition
- different than its surrounding

A
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The RNA World refers to a hypothetical stage in
the origin of life on Earth




PRIMITIVE SOUP

Primordial Soup Theory e

Synthesis of Organic Compounds on Early

- Russian Chemist A.l. Oparin and English Earth
Geneticist J.B.S. Haldane in 1920.

- basic building blocks of life came from » Oparin & Haldane:
simple molecule then energized by > Early atmosphere = H,O
lightning and the rain from the atmosphere vapor, N, CO,, H,, H.S

methane, ammonia
> Energy = lightning & UV
radiation

created the "organic soup”.

- The first organisms would have to be
simple heterotrophs. In order to survive, B —
they consume other organisms for energy. synthiesis of oigaric
They would become autotrophs by compounds - a “primitive
mutation. Evidence now suggest the first soup”
organisms were autotrophs.




Sparks simulating lightning .~ CHjy _"Atmosphere"

~»Water vapor—a 3
[ RO N};\ Hs
(2] Electrode
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== Cold water

LN Sample for
chemical analysis

ABIOTIC SYNTHESIS

Miller’s Experiments: Creating organic
molecules via abiotic synthesis (1)

The following is evidence for the hypothesis
of the origin of life:

*This was possible in an oxygen deprived
atmosphere (reducing atmosphere)

*Miller identified hydrocarbons and amino
acids

2

Cooled water
containing
organic

compounds

Sample for
chemical analysis



MINIMOTIF SYNTHESIS HYPOTHESIS
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RNA and the Origin of Life

Proteins build cell
structures and catalyze

RNA nucleotides

}3

Simple organic __,>
-‘ = molecules —»
RNA helps in

Abiotic “stew” of protein synthesis
inorganic matter ITL‘(“T] ﬂ
RNA able to replicate itself,

synthesize proteins, and pNA functmns in
function in information information storage
storage and retrieval
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- SINGLE CELLED ORGANISMS

Early Fossilized Cells/ 12.4 Early Single-Celled Organisms

Unice| Iu'ar Organisms 2 Microbes have changed the physical and chemical
campasition of Earth,

* Cyanobacteria and Stromatolites

— Archean, from 3.8 to 2.5 Bya « The akiest Known fossils are a group of manna
ko - cyanchaclaris
— added amygen bo
Alrnosnhere
— deposited unigue
rnerals

i

(a) (b)
Figure 06A: Record of stromatolite
deposits and microbial fossils Flgure 06B: Record of stromatolite

deposits and microbial fossils

IC&qu;tecs;Eufo.lJ_ William Schopf, Professor of Paleobiology & Director of © 2011 Joncs and Bartleer Publishers, LLC (www.jbpub.cor
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LIFE ORIGIN SUMMARY

. Synthesis of organic 2. Origin of self-

precursor molecules

replicating RNA

3. Origin of membrane-
enclosed pre-cells

4. Origin of true cells
with RNA genome
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RNA genome

5. Evolution of modern
cells with DNA genome




The Fossil Record

* Paleontology is the study of the
fossil record to document life’s early
history

— Documents patterns within species
living at a specific time and area

— Documents extinctions and new
arrivals

— Documents evolution of life as the
environment of Earth changed
* Index (Key) Fossils are those found
in similar strata over a wide area...
used for relative dating

PALEONTOLOGY

CLASSIFICATION OF FOSSILS

Macrofossils

- Plant fossils

" Vertebrate fossils

- Invertebrate fossils

- Microfossils
Nanofossils

@



Q MACROFOSSILS

e SEDIMENTARY ROCK * RADIOMETRIC DATING

Absolute Age
-Radiometric dating—looks at how much radioactive decay
has occurred in an object to determine the age.

e .
Linsintin alcems., such as wanuen iU}, sveniumily Changs nin stabie g - ..

alorns, such s lead 1P rhunvrulrma called & parerd afom = '_""'n’.,. -.=: - a‘l' 'E’
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2 MICROFOQOSSILS: 3.5 BILLION YEARS AGO...




NANOFOSSILS

CALCAREOUS NANO FOSSILS

These are the remains of golden brown, single
celled algae, also known as ‘nanos’.

It is one of the primary organisms at the base
of the food chain.

Slowly covered l:éy remains of other plants
and animals and bits of mud and sand.

Preserved in rocks; can be part of a
limestone or shale.

Age: Around 200 m.y. from triassic.

Coccolith

sample
calcareous
test used in
paleo-
oceanographic
research:
Cyclococcalithus

: Dr ‘“llllanl Ruddimman. from:
an (1985 Climate Siudies in Ocean Cores

s T
in Pﬂﬁochm-fe ‘-lnai'}a:.s and Modelling, ed. Alan D. Hecht, Jo

Wiley & Soms, NY ,p-201, figure 2.
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PLATE TECTONICS THEORY

The Theory of Plate
Tectonics

* Is a theory of why and how the continents
move.

 The earth consist of two types of crust.
—Qceanic Crust
* Material on the ocean floor

—Continental Crust
* Crust that makes up land masses

Antarctic Plate

AN g )



CONTINENTAL DRIFT

i I.-'r. | 23

100 million years ago Earth today ® 2007 EB Inc.



GEOLOGICAL CHANGE

together
* Oceaniccrustis
subducted and
absorbed into the
mantle creating a
subduction zone

Oceanic-oceanic convergence
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Geologic Time

* Assumes
sedimentation occurs
evenly and slowly
over millions of years

* lLarge gaps remain in
the fossil record —
they may be still

hidden, have been

destroyed, or never
existed

0 !'I"ll

events

Geologic time scale, 650 million years ago to the present Q
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The “Cambrian Explosion”

Evidence in the fossil record shows that all major phylla were established
in the transition from Late Precambrian to Early Cambrian time

Spohges
Placozoa

Chidaria
Comhb Jellies

Hamichordata
Echinoderms
Chordates

Worms

E Arthropods
e

w
=
u
=
©
=
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R
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Prokaryotes
Eukaryotes

<>

A XX

\
X
4

Early Cambrian

metazoahs

Late Precambrian

Eukaryotes




Types of Evidences of Evolution

2. Anatomy

* Homologous structures — Similar
structures, Different use or function.

- Analogous structures — different structure
but are similar in function.

* Vestigial structures — a body part structure

that has no function in a present day organism
but was useful to an ancestor. (ex human appendix)
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Types of EVOLUTION ®
Divergent vs. Convergent
(A) (B) ©)
Parenspacies | | cpocios _species | [spocies spocis

A R



Divergent v. Convergent

Evolution
Divergent Convergent
One species g.ives rise e Similarlooking species
to many species that do not have a
Also known as common ancestor
adaptive radiation  Similar behavior and
Many species with appearance due to
common ancestor environmental
Many homologous similarities
structures « Many analogous
structures




Copyright € The Mclraw-Hill Companigs. Ing. Pormission requined for reproduction or diaplay.

Convergent
Evolution

Analogous
Structures

Niche [Placental Mammals Australian Marsupials
\Q . Marsupial
Burrower & * mole
Mole g e
— 5
Anteater || qecer 1@ Numbat u@ |
anteater —— (anteater)~ ~ <M
o I Marsupial
Mouse | \-ﬁg _ e
= Spotted
Cuscus .
Climber M <\

A
=

Glider

-:‘::._";‘!'
Flying g
phalanger/”/

Cat Tasmanian
"tiger cat"
Wolf -
Taaman:an? |
wolf o
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DIVERGENT EVOLUTION
* Divergent evolution describes evolution Outcomes of Divergent
toward different traits in closely related
species. Divergent evolution can lead to . EVOIUtlon
speciation. g SR S L e 1. Competition

between species is
minimized as new
species fill unique
ecological niches

2. New species

Wooly
L slophant Y F continue to evolve
anoeslor” 4 until most available
R S resources are used
Conlrmon (s e
ancestor
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COMPARISONS

CONVERGENT EVOLUTION
Streariined Shape dus 10 Aguatic Envrenment (Shared Selecticn Fmﬂurl}l

CHONDRICHTHYES
= Gartidapnous Skeieton MAMMALIA
v Gils «  Bapy skelsdan

- Scale Geptcies v Son = Lungs .
»  Mammary Glands

’ VERTEBRATA
= \ertearan

¢ Lrpnm

- DIVERGENT EVOLUTION
| Branching of Veretests nio » Tn-Pariie oran
~ Mammaia and Chongrichinyes




u \/O
(JQ EVOLUTIONARY RELATIONSHIPS

HOMOLOGOUS ANALOGOUS

C(

Comparison of analogous structures

Insect (ant) leg fish (sculpin) fin
ﬁf--.“\i] - ' Tw
™\ e : :
- 3 o - e
/AR Y
_‘_,_a—-""-:':.
horseleg dalphin flipper.
= & ) -
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Coelacanths
<
Ray-finned
fish

Cartilaginous fish

Lampreys=

PHYLOGENIC TREE

Frogs

Salamanders

- =t
Lungfizh s g hlonotreme
e— Y ¢ mammals
3

hiar=supial
mammals

PHI
er Big

Placental

Emiimab
Turtle=
s ]
; o

Snake=

—-éLizardE

"': !%"\ Crocodilians
Ornithizchian .

dino=aurs

Mon-gwian Bird=
dino=saurs

]
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‘ A clade

| L

Mot a clade

Hierarchy of ancestors > species
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Evolutionary novelty:

a characteristic shared by one branch of the cladogram

1%’_1
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L
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Pedid
Bhid o Ol

Turtle Leopa
=

Hair
Salamander
: Amniotic egg

L= Four walking legs
4 Lampre
/ prey Hinged jaws

Lancelet (outgroup)



Evolutionary Novelties

Pigmented cells

- {photoreceptors) aeia
Evolutionary Epithelium calls
novelties usually Nerve fibers

- (a) Patch of pigmented cells
arise as {phiolorecepiars) Nerve fibers
- gem - (b) Eyecup
modifications of o
= — — Fluid-filled cavity
existing traits . i Cornea
fluid
{lens)
Optic Pigmented
nerve layer (retina)
(c) Pinhole camera-type eye Optic nerve

(d) Eye with primitive lens

Optic nerve

(B} CGI'I'lp|0X camera-tvpe eye
Copyright © Pearson Educatlon, Inc.. publishing as Benjamin Cummings.
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® LANDMARKS FOR EVOLUTIONARY NOVELTIES
ORIGIN OF MAJOR EVOLUTIONARY NOVELTIES Evolutionary Novelties/Landmarks of Phylum Chordata
= Almost all macro-evolutionary change can be * Development of hinged jaws
attributed to the gradual modification of existing ) _
structures, e.g., changes in allometric growth * Bony (calcium phosphate) skeleton instead of
patterns, and heterochronic changes in the relative cartilaginous skeleton

timing of developmental events.

 Terrestrial Adaptations
= Small changes in regulatory/developmental pathways

can be magnified into major changes in the — Internal lungs instead of external gills
phenotype.
— Four legs for walking on land
= Canalized traits can be reservoirs of “hidden” genetic
variation which can lead to the sudden appearance of — Amniotic egg to avoid dehydration of embryo

novel phenotypes.
— Endothermy instead of ectothermy

» Feathers or fur to maintain constant body temp.

- "\
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2 NATURAL SELECTION

¢ VARIATION 8.10 When three simple conditions are
. COMPETITION FOR RESOURCES satisfied, evolution by natural selection
OCCUrs.
* FOOD
« WATER 1. There must be variation for the particular trait
within a population.
* MATES
« SELECTION OF FAVORABLE TRAITS 2. That variation must be inheritable.
* ALTER GENE FREQUENCIES 3. Individuals with one version of the trait must
e INHERITABLE produce more offspring than those with a
different version of the trait.
 ADAPTATION
» SURVIVAL
¢ REPRODUCTION
* FITNESS



- EXTINCTION EVENTS -

Millions of years ago (mya)

540 490 445 415 360 300 250 200 145 65 1800
it [Cambrian| Ordovidan [silurianfDevonian|  Carboniferous | Permian |Triassic] Jurassic | Cretaceous | Tertiary Quatémary
e VOLCANIC ERUPTIONS Bar width —
represents
number of
e METEORITE living
families
e ENVIRONMENTAL DESTRUCTION
Extinction Extinction Extinction Extinction Extinlction
e RE SU LTS :;ozl:isemin Ordovician: 50% of animal Cretaceous: 50% of animal families,
P 9 families, including many including the last of the dinosaurs and
“"'ifs n trilobites. Y many marine species.
- extinction
NEW HABITAT Devonian: 30% of animal families, Triassic: 35% of animal families,
including many fish and trilobites. ' including many reptiles.

* DIFFERENT COMPETITION
* DIVERGENT EVOLUTION

many marine species, insects, amphibians,
and all remaining trilobites.

Permian: 60% of animal families, including]

Figure 19-8 Discover Biology 3/e
© 2006 W.W. Norton & Company, Inc.
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~  Theories and Hypotheses ~/
CAUSES OF ADAPTIVE RADIATION
'

1. Entry into an adaptive zone by :-
Evolution of a key innovation
Invasion into a new habitat
Extinction of competition

(Simpson)
Diverse Branching

2. Ecological Opportunity

LAW OF ADAPTIVE RADIATION (Dolph Schiutler,2002)

An isolated region, if large and sufficiently varied in its topography, soil, climate and o
A S 3 3 £ : 2. Mass extinction
vegetation, will give rise to a diversified fauna from primitive types. Branches will

spring off in all directions to take advantage of every possible opportunity of
securing food.”

Types:
Worldwide ~
Regional

S A

Osborn(1902)

J M\
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Divergent Evolution=Adaptive Radiation

One species give rise to many species
More alike to less alike o _
Also known as adaptive radiation. E;f;th's diagram n
Examples: - Darwin’s Finches.

- Brown bears and polar bears

Divergent Evolution

lime

Lineage / Trait Value

Ancastral mammal



Worldwide Adaptive Radiations

« Mammals underwent an adaptive radiation after the extinction of
terrestrial dinosaurs

* The disappearance of dinosaurs (except birds) allowed for the
expansion of mammals in diversity and size

« Other notable radiations include photosynthetic prokaryotes,
large predators in the Cambrian, land plants, insects, and
tetrapods
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The Cenozoic: Paleogene Period

Mammalian adaptive radiation to fill angiosperm niches
Paleocene wet & warm
Eocene wetter & warmer
— Tropical forests A
— SAisolated from NA & Europe = new spe '
— Primates (prosimians) highly successful & diverse
— First anthropoids appear
Oligocene getting colder & drier, more seasonal variation
— Mostly modern continent positions
— SA still separate

— Cold water currents cooling earth but Africa & SA
tropical forests

— Monkeys prosper, first hominoids appear
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~  WORLDWIDE (GENERALIZED) ADAPTIVE RADIATION

e REPTILES

* PALEOZOIC

* CARBONIFEROUS
* PERMIAN

* MESOZOIC

* TRIASSIC
* JURASSIC
* CRETACEOUS

Copyright © The McGraw-HIill Com panles, Inc. Permission required for reproduction or display.

Phylogenetic tree

o Tuataras

HE A _

8 \ el Crocodiles and Alligators

erosaurs Ornithischians

L urischians m

g'g Pleiosaurs . %

= 1

: \ i

%;'3 ntyhnnum -

n-<

T

e .

Theraprsids 5 y Dinosaurs

3

'!3 ‘ Thecodonts

5 ‘,&
E B Pelycosaurs Stem reptiles

e \
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o REGIONAL (SPECIALIZED) ADAPTIVE RADIATION

Adaptive radiation in Galapagos finches
large tree finch

m; (Camarhynchus psittacula)

medium tree finch
(Camarhynchus pauper)

small tree finch
(Camarhynchus parvulus)

vegetarian finch
(Camarhynchus crassirostris)

mangrove finch
(Camarhynchus heliobates)

;g o
o -& woodpecker finch

(Camarhynchus pallidus)
_@ warbler finch
) (Certhidea olivacea)

Cocos Island finch
(Pinaroloxias inornata)

large cactus finch
(Geospiza conirostris)

cactus finch
(Geospiza scandens)

. small ground finch

sharp-beaked ground finch . o
(Geospiza fuliginosa)

(Geospiza difficilis)

large ground finch
(Geospiza magnirostris)
@ 2015 Encyclopaedia Britannica, Inc.

medium ground finch
(Geospiza fortis)

Regional Adaptive Radiations

» Adaptive radiations can occur when
organisms colonize new environments
with little competition

» The Hawaiian Islands are one of the
world’s great showcases of adaptive
radiation
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ADAPTIVE RADIATION SUMMARY

EVOLUTIONARY DIVERGENCE

ECOLOGICAL NICHES
* NEW OR DISTINCT AREAS
e EXTINCTION - NEW OPPORTUNITIES
* CHANGE IN COMPETITION

SPECIES ADAPTATION —> EVOLUTION

INNOVATION -> DIFFERENT FORMS
* GAIN
e LOSS

AREAS
* WORLDWIDE
* REGIONAL

MECHANISMS

ECOLOGICAL OPPORTUNITY

RELEASE FROM NATURAL SELECTION

RAPID SPECIATION & MORPHOLOGICAL
'DIVERSIFICATION
4
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- ADAPTIVE CHANGES: GENES -~

Concept 25.5: Major changes in body form can result
from changes in the sequences and regulation of
developmental genes

Changes in Gene Regulation

* Changesin morphology likely result from changes

How can we understand life’s diversity? in the regulation of developmental genes rather

1. Fossils — evidence of past biodiversity than changes in the sequence of developmental
genes
2. Continental drift, mass extinction, adaptive — For example, threespine sticklebacks in lakes have
radiation — environmental changes influence fewer spines than their marine relatives
biodiversity — The gene sequence remains the same, but the

regulation of gene expression is different in the two

3. Genetic Change — changes in DNA groups of fish

sequences and requlation modify
bodies/cells

-

"N & S T
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DNA (unmethylated)
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REGULATION OF GENE TRANSCRIPTION

chromatin
(complex of DNA and histones)

acetylation e

histone modifications
(nucleosome)

[ deacetylation

NH,
N‘//’k\c/ H p.;/ ”
| | =
O/;c'\”/c DNA /c\ F
1 meinylanon |
H H
cytosine 5-methylcytosine
RNA pol Il
gene “switched on”
- active (open) chromatin
- unmethylated cytosines

- acetylated histones

h

gene “swiltched off”

- silent (condensed) chromatin
- methylated cytosines

- deacetylated histones

Repressed
domain

mcccGCGSGEG Gg g

e R
CpG island

v \/ Q

swetiyiC

MGCGCGEGEGEGEGEGCC RTGQEOG

ethyiC

Nucleosome

Chromatin loop

-~

Enhancer

Active
proximal
promoter

Histone variants

Histone PTMs
etyl,
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._, 25.5 Major changes in body form can result ~—/
- from changes in sequences and regulatlon of

developmental genes

* Small genetic changes can cause major
morphological differences between species

VE. . ibukic J‘&F £, minoensis

Genes of Speciation

EX: Japanese Euhadra snails, the direction of shell
spiral affects mating and is controlled by a single o
gene

~ \\-i) \\-‘/ f—l
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“ EVO-DEVO

Evo Devo
(Adaptation)

m Compares the development of different
arganisms to understand;

Replication

2 Ancestral refationships babaean organisms
2 Developmental mechanisms that bring aboud
evalutiocnary chenge

m Invelves the discovery of genes that control
development, and how ther roles vary n
different spoces

Inheritance

Selection

Variation Convergence




./
DM A methylation

H3K 27 metheylation "

H3E4 methylation

) & ~
-

(
Embryo and somatic cells
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| N\ e > @
Blastosy st Embrya ;

Adul Germ cells

ES cells i Ernbiryonic
germ cells

HAE2T methylation

Germ cells




] DEVELOPMENTAL GENES

Stem cells

o Homeotic genes are found o A similar organization of
on one chromosome genes is found on four
in the fruit fiy. mouse chromosomes.

AFENEEIEE BN

5 E N

> 20
Homeotic Genes —
o~ ==

Fruit fly embryo (10 hoursh Mouse embryo (12 days)

Heterochrony Py

Developmental Timing "\ / 8)



e HOMEOTIC GENES

Homeotic Genes

* “Master genes” that control embryonic development
in insects and vertebrates.

* A malfunctioning homeotic gene in flies may result in
wings, legs, antennae and halteres being absent, or
appearing in places that they should not.

——

a {11
: ~Halteres - Wings replace

hakeres

Antennae Legs replace ©
antennae

Discovery: Edward B Lewis

N’
* Homeotic genes encode e o gl s A,
. i activation domain
homeotic proteins that —~ Homecbor (180 bp)
: ( B — __EL_ :
function as "\-« S ————
WhiCh SWitCh On Homeu{icgene

(a) Homeotic gene

Other genes Transcriptional
. 3 activation domain Q\Nﬁ
The Homeobox is a coding / L

sequence within homeotic 6)
genes which contains 180 )

base-pair sequences, codes | ﬁ\
for 60 amino acid i
polypeptide rhptatsns b o

(b) Homeotic protein bound to DNA

— Encodes homeodomain for
DNA binding
-- Promoter

YN N’ e\ /



o HOMEOBOX:

:r;'-. r Antp Un:. Arx:e‘!b-m
I Pommot
Hox Genes "Wfi
Frua fiy ambryo
® Hox genes control the
subdivision of embryos ’Q’"‘»‘ NG
5 5 5 f Fruitfly
into regions of different A S/
developmental fates Hox AR T T N T
along the e
. . ChromOSOmes | 4,y =) JEm VIS ) I ) 5 ) ) B
anteroposterior axis. =y .
Homologous in diverse “ e
organisms. P
® These are master genes * 2
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Changes in developmental genes can resultin new morphological forms
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\/ Major changes in body form result from changes in
- the sequences and regulation of developmental genes

» Studying genetic mechanisms of change can provide
Insight into large-scale evolutionary change.

* Genes that program development control the rate,
timing, and spatial pattern of changes in an organism’s
form as it develops into an adult.

* Heterochrony is an evolutionary change in the rate or
timing of developmental events.

* |t can have a significant impact on body shape.

* The contrasting shapes of human and chimpanzee
skulls are the result of small changes in relative
growth rates.
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* heterochrony =
(evolutionary) change in
developmental timing

¢ two main types (not

necessarily independent):

» sequence heterochrony: change
in time of appearance of a
structure

» allometric heterochrony:
changes in growth rate
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evolutionary change in the rate or

timing of development

* Peramorphosis
derived type of heterochrony
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- PATTERNS IN DEVELOPMENTAL EVOLUTION

Heterochrony

ﬂﬂéﬂ@

Allometric
Growth
Differential
growth in
organs and
body parts

Paedomorphy
Retention of

juvenile
structures

B. Developmental Trends in Morphological Patterns
3. Heterochrony

evolutionary change due to a change in the timing of developmental
events...two classic examples are:

Peramorphosis - delayed maturity; reproduction at a disproportionately large
size
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- BRANCHING EVOLUTIONARY TRENDS
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Macroevolution
 Macroevolution: major -
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@) Evidence for macroevolution
g Fossils O
Q DNA
Comparative anatomy

Embryos retrace evolution as they develop

Gill slits Gill slits




Patterns of Macroevolution -

Convergent Evolution

* The word converge means "to come together". This pattern of macroevolution
happens with distinctly different species become more similar in structure and
function. Usually, this type of macroevolution is seen in different species that live in
similar environments. The species are still different from one another, but they often
fill the same niche in their local area.

Divergent Evolution

* Nearly the opposite of convergent evolution is divergent evolution. The
term diverge means "to split apart”. Also called adaptive radiation, this patternis the
typical example of speciation. One lineage breaks into two or more separate lines that
each give rise to even more species over time. Divergent evolution is caused by
changes in the environment or migrationto new areas. It happens particularly quickly
if there are few species already living in the new area. New species will emerge to fill
the available niches.

Coevolution

» All living things are affected by the other living organisms around them that share their
environment. Many have close, symbiotic relationships. The species in these
relationships tend to cause each other to evolve. If one of the species changes, then
the other will also change in response so the relationship can continue. O
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DNA inheritance
ONLY

Gene selection
ONLY

Genome isolated

Integrated Synthesis

Modern Synthesis
(Neo-Darwinism)

accomodation

Gene mutation

Darwinism
Variation
Inheritance

Natural
selection

Mendelian inheritance
Population genetics
Contingency

Speciation & trends

Replicator theory
Evolvability

Evo-devo theory

Plasticity &

Epigenetic inheritance
Multilevel selection
Genomic evolution

Niche construction
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