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Evolvtion - QOrigin of Life

Universe /3.7 billion yrs ago - BIG BAMG.
Earth formed His iy yrs ago.

Life appeared 3.8 b yrs ago.

Theories

@ Special Creation - religiovs / Genesis view :
@ Sponf‘aneous G'eneraﬁ'on. - abfojenesfs (dfsproued by Pas
() Panspermis = 3 foon ovter space (| mef'eoﬂf-.es)
(ZiCosmpzok - e dvrived. g+ spores

@ Chemical Evolution - Oparin (/929) + Haldane

Chemical theory - simple molecules in primordial -
atmosphere (CH"/, /VHB, HZ, water vapour) -7 amino ac
-7 proteins -7 pucleic acds -7 protocells.

Ener:gy Sources ¢ WV, I{'ghf'm'ny, volcanic heat.

Stanley Miller (/9¢3)

Recreated prirmitive earth in glass apparatus.
Used - cHY + A#f3 + Hz + H20 + eectric sparus
Result - amino acids (Gly, Ala) + other o»yam'c cOmpouré

Contirmed - organic  molecules Form abiotically.
First Iife - rnon-celllar ( 3.4 bya) = .sinjle - celled -;5
( prov(aryof-es) 2 bya -7 euKkaryotes /.£  bya. 1
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Miller- Ure:/ Apparatus

Con(fenser
&S

ST

Heafer (Hzo} Collector (aminl acids) /

/'\’esulf' s amino acuds found in / weed,

- *
.S'i'c/ney Fox (/758) -  showed proteincids forem From

heaﬁny amino acds.

Criﬁzue S primitive atmosphere may  rot have been

Sfronyly reducfnﬁ -7 reduced importance of Miller.

Alterrative -  RVA WORLD hypof'hes:s (/95 0s)
- selﬁ-rephcafmy ribozy mes preceded D/VA
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Theories ot Evolution

Lamarck (71809) - Use & Disuse

Aczufred characters are inherited.

E‘g.o .Cﬂ'mv@fe reck got Ionﬁer due .to sf}ef'chfnﬁ.

MNMow dt':proved,by Barwrr Weismann <9€fm plasm f'heory).
*

Darwin (18$9) -  Matural Selection

\/oyaﬂe of HMS Beayle (183/-36) -7 °G'a1apayos T

Boox - Origin of Species (18579).

Ke'/ ideas

@ Variation  exists in every population

@ Overproduction of oﬁPSpmhﬂ (Malthosian)
@ Sf'ruy‘gle for existence (limited resources)

@ Survival of the Hittest (nafura} selection)
@ fnherif‘dnce of- £+ traits -7 euvolution

Wallace - Co-Discoverer

Alfred Wallace lhdependenﬂy pr_oposed Same f'heory.
Joint Linnean Society paper, /5575.

Modern S y-nfhesf.s (Neo - Darwinism)

Darwin's selection + Mendel's 9enef‘fc5 + population y.eneﬁcs
(Dobzhan.sb(7/, Mayr, qu/ey, Simpson, 1792) ¢

Variation = mutation + recombination + driif+ + NS,

Scanned with CamchnEr




Date : Page: -7 = =5

\

Evidences of Evolvtion

G) P alagontological - Fossils

Preserved remains in sedimentary roks. Show
(a) Chanye in Form over 9e010ﬁttal time
(b)'Conned'fny linKs (Archaeopf'eryx - reptile-bird)
(<) Daﬁhﬂ by radiometric methods (C/9, K90)

i) Comparative Anatomy

(a) Homofoyous - same or{gim, different function
Forelimbs of whale, bat, cheetah, huvman
-7 DIVERGENT evolution

iy

(o) Analoyous - different origin, same Function
Wf"’ﬁ‘ of insect vs bird vs bat
-7 COMVERGENT evolution _
() Vesf{gml organs - reduced organs (appendfx.,

wisdom teeth, tail borme in humans).

Giir) Embryological .

Embryos of vertebrates show similar +eatures in
early stages (gill slits, tail) - Karl Ernst von Baer. :
Haeckel's law (ontogeny recapitulates weotogy phylogeny) - larg

Gv) . 3 iogeographical

Darwin's Galapagos finches - /9 species +from / ancestor.

Marsopials of Auvstralia - isolated radiation.
o
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: Homologous Forelimbs (BI()

| !
I\ /| l|\ can [
il il il (71

Whale ; Bar Cheetah : " Human

Horerus Fadivs+Ulna

Carpals
Fig. . Same bore plan in 9 mammals| (HOAOLOGY)

Phala nges

ﬁqn:ﬂcance

Same bone plan inherited From common ancestor
but modified for swimming, Flying, ronning, grasping.
PROOF of divergent evolution From common origin.

'Anaquous Examples

Lnsect / bfrd / bat wfnﬁs (dfpperenf' bonres).
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Darwin's Finches - Adaptive Radiation

/3-79 Finch species in Galapagos islands -
all evolved +from a anﬂ/e ancestral species.

DifFerent BEAK shapes for different +ood sources.

| (75 o G sw o= o)
=i Seed eater

Insect eater Cactus eater Tool user

S Fig. Adaptive radiation in beax shape

Convergent E volvtion

When 7/ adapf'fue radiations occur in t'soiaf'ed areas.
Marsupials of Australia placentals of N. America.

) o«
(Tasmaniarn wolt v placental wolf - Anteater aardva:

Punctuated Eguiliorivem _
Eldredﬁe Sov tauld T/T7E) long stasis followed

by ‘bur.sf's of =tow rapid chanﬁe.

Co-evolution
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Hardz -Weinberg Principle (/908)

Allele + genotype prezuencfes in a population remain
CONVSTANT  across generations - GENVETILC EQUILIBRIL

Ezuaﬁon
kel op = ﬁr@zuency -of dominant allele (A)

Let g = ﬁrezu ency of recessive allele (é)
Theno - R g = ) (p + Z) Tz oy
P e sz o g 2 =i

p 2 =  homozygous dominant (AA)
sz = hef‘erozyyous (Aa)
g g 2 = homozygous recessive (aa)

Conditions

@ Larye populci?hbn (ro ﬂer)eﬂc drif¥)
@ Random mah'ny (no  selection)

@ Mo mutations

@ Mo gene How (no m{graﬁbn)

@ Mo natural selection

—  Violation = Ewvolution

Any chanye in allele -prezuency over yeneraﬁbns
= EVOLUTZION.

s forces alter ezw’lfbﬂ'um -7 evolution occurs.
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FForces of Euvolution

(/) Mutation
Suc/den, random heritable chanje n DA,

Source of WEW alleles - raw material of evolution.
Huyo de Vries proposed motation theory (/90/-03).

Ey. Oenothera lamarckiana - sudden moutants.

(2)  Recormbination

Cro.ssiny over f'ndependenf' assortment in meiosis

-create new ﬁene combinations.

(3) Genetic Drift

Landom chanﬁe in allele Prezuency in small populations:
Two specal cases

(a) Bottleneck effect - drastic population reduction

_(b) Founder effect - small grovp starts rew population
(<) Grene Flow / Migration

Movement of alleles between populations via

lbf‘erbreedfnj' m{granfs.

(<) NMatural Selection
NMon-random survival + repmducﬂon of Fittest.

[esult - adapf'a tion over ﬁenera tions.

3 svb-types - Sf'ab:hsmj, dtrechonal oIS deruphue.-
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Types of Matural Selection

Stabilisin 9 Directional Disruptive

Examples

STABILISIMS - avg phenotype Favoured (human birth we:yh}

DIFECTIONAL - shift to one extreme 5

(industrial melanism - dark moth in po//uf'ed Manchester)
DISRUPTLIVE - both extremes +avoured

i el e

(small + laige beack aC:'nches; r;:edfuf-n peaks die out)

Industrial Melanism

B iston Betularia - peppered moth.
- - . .
Pre-industrial - light moths common, dar« rare.

Posf'—fndusf'ry : dark moths increased on Soofy trees.
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Speciation

Speciation = formation of rew species.
Species = grovp capable of fnf'erbreecffny to produce
Fertile onCSPnhj (BIOLOGICAL species concept, Mayr).

Modes of Speciation
@ Allopatric - ﬂeographlk isolation -7 dfueryence
(Darwin's #inches - separated by islands)

@ Sympafﬂ'c - split+ within same area (rare)
(eﬁ. cichlid Fish in African lakes)

@ Parapatric -  partial overlap of populations

Lsolation Mechanisms

Pre-zygotic

(a) Geographic (mountains, rivers)

(o) Temporal (different bfeediny seasons)

(<) Behavioural (different mating ritvals)

(d) Mhchanical (incompatiole reproductive organs)
Post-zygotic ' '

(e) Zyﬂof‘e mortality

(F) Hyprid sterility (mule)

(97 Hybrid breadown

Adaptive Radiation D
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Geological Time Scale

Cenozoic

Aﬂe of mammals + birds
‘Y mya - present

Mesozor

Aﬂe of dinosaurs / reptiles
295 - 65 mya

Falaeozoic

A £ Lshes -7 a hibians -7 reptiles
£70 - 295 mya i ar £

Proterozorc
2600 - $70 mya

First multi-cellolar Iife

Arc heanr

3500 - 2600 ok Or{gr'n of Il / bacteria

Key Events

Cambrian explosion (

First fishes - Ordovician
First amphibians. - Devorian (
First reptiles - Carboniterovs (

First mammals - Triassic (

" Dinosavrs extinct - end of Ciref'aceou.s ¢

First primates - early Cenozoic .

Modern Homo sapiens -
I ]
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Origin of DifRrent Grovps

Plants

First plants - xgreen algae (/.5 pyal
Bryophytes - Silurian ( 930 mya)
Pf'Erf'dophyfe.s - -_Deuom'an
Gymnosperms - Permian + Triassic

Angiosperms - Cretaceous ¢ /30 myal

Verteorates

waless- Hsh (/—lynaf-ha) " - Cambrian
Cartilaginous FHsh - Devonian

Lobe-Finned Fish -7 Amphibians (Devonian)
Amphibians -7 [Reptiles (Carboniterous)

Reptiles -7 Birds + Mammals (Triassic-Torassic)
Birds +from A DTS f'heropod dinosaurs (Archaeopferyx)

Mass Extinctions

$~ .m@yor extinctions in Earth hfsfory
Ordovician end ( b o mya) - 35“‘0/0 loss
Devonian late ( 272 mya)

Perrmiarn (252 myfa) - ‘76% loss (worst) : »
Triassic-Jurassic ( 20/ mya)

Crefaceous»Paleoﬁene'( bt mya, «illed dinos)

oth extinction may be happem'ny (anf'hropoyenfc)..
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Homan Evolution

Order Primates - Hominoidea - Hominidae - Homo

Common ancestor with apes 25" mya.
N
Dryopithecus ¥ /5 mya - ape-ticg; Africa S
f?am-apr'fhew.s /0 iy more man-like (later reclassified)
Au.sfmiopr'fher.&.s : i mya /—l#‘m‘fa, bipedal, 9 A, 950 <« brain
Homo haibilis 2 mya /st tool-maer, 650-500
Homo erectus /5 mya Java + Pet{rh‘g man, 900 <, fire
H. neanderthalensis 0./ mya buried dead, fire, /900 <
Homo sapiens 0.0 mya AMIDERN, Africa origin, 350

Cro-Magnon Man

‘L.iued in caves; cave art (LaScaux), fools, aﬂriculfure.
/5,000 yrs ago.

Key Trends ;
/. Bipedal posture ;2. Crarial capacity (950

*

/

3. /Reduced fFace /\jaws ; S ilonl gten s S Lanﬁuaje
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Out-of-Africa Hypofhesis

Moderr humans (H. sapiens) evolved in AFRICA
200,000 yrs ago, then migra ted  worldwide.
Evidence -  oldest Fossis + mtDAA studies.

Migration Timeline

ZO0,000-yrs ago - or{gfn in East Africa

/20,000 yrs ago - reached Middle East

0,000 yrs ago - reached Asia, Australia

70,000 yrs ago - reached Europe (pet Meanderthals)
/$,000 yrs ago- - reached Americas

Mitochondrial Euve

Most-recent common maf'n'hbeaaf ancestor of all humans.
Lived in Africa /50,000 - 200,000 yrs ago.
Mchrerroserme mtDA/A  traces maternal lineage.

F—

Indian Orqun Studies

Lafji Singh + Thangargy - AN (Ancestral orth Indians)
+ ASI (Ancestral South Indians) mixed long ago.
Indians = mix of multiple ancestral -populations.

i

Race vs Species

All humans (Cauvcasord, /Monyolofd, /Veyroid, etc./

belonj to ONE Species - H sapiens. 'Races'’ = socal.
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Modern Euo/uhbnary Concepts

Microevolution

Small chanjes within species (allele prezuencies).

Ey.’ industrial melanism, druy resistance.

Macroevolution

" Large-scale changes -7 rew Speces + higher taxa.

Operates over millions of years.

Saltation

Sudden m@or mutation -7 instantaneovs evolution.

Proposed by Huyo de Vries. Mostly disproven row.

Molecvlar Clock . s

onvA |/ protein Sezuence changes accurmulate at

fairly constant rate -  used to date divergence.
Eg. Homans and chimps differ by ‘2 4 =
diverged e - 7 mya.

Sympatric vs Allopatric -  [Recap

Allopatric =  geographically isolated populations
Sympatric = in same area, ecological / behavioural

isolation -7 new Speces.

Polyplofdy speciation @ - cormmon in plants.
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- Variations - Sovurces

= &

Mutations

T T L Y T ey W

Sudden, heritable, random changes in DAA.
Types . - -

Lo LE LA et N L

@ Point mutation (.anﬁ/e bp chanﬁe)
@ Frame- shif+ (fnserhbn / deletion)

@ Chromosomal (b{g ‘rearranjemenf')

L R P oy Wmacdl L P L L .
¥ 2 -

@ Genome (polyploidy) (extra 0l sets)

Cavses
Physfcal - wv, X—ray, gamma
Chemical - base analogs, alkylating agents

xﬁlbloﬂical - transposons, viruses, errors of repair

Recombination

Independent assortment + crossing over in mMeIoSis.

Creates nrew combinations - Source of variation.

‘Gene Flow

Movement of alleles between populations.

Genetic Drift

Random Houctvation in small po,oulaﬁons.

Founder eFfct - small group settles rew area.

Bottleneck - drastic reduction (cheefahs.’).
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Population Genetics -  Sample Problems
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A

Y

Sickle cell anaemia - 9 2 = 0.07, £ind he'l'erozyjof'es.
y = D2 Z p = 0d =X ‘pg = 0.22
So 32 Y are carriers Ho. A He. SI).

az
PKU homozygotes
9 = 00 P

bl

/ / 10,060 7 g
0.77, carriers = 2Zpg

y!

Q3 -  ABO blood group
Frezuencies {indiarl)-> & A = 02/ F b
Eoected 40 = . 2 = (D& 72 =

QY - Drug resistance

Initial prezuency of resistant allele = O0.00/ (rare).
After druﬂ treatment - Sensitive individvals die -7
resistant allele l:rezuency RLSES’ rapidly -7

selection in action.

Antipiotic [Resistance

Beta-lactam, MRSA, @mextcHirr vancomydun resistance row 's
Overuse of antibiotics -7 ,rapfd evolution of
resistant strains -7 superbugs.

Demonstrates evolution in real time.
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Brain Evolvtion & Tools

Crarial cafgacﬂy (cC) increased 3x in 5 my
Australopithecus 950

Homo habilis T 700 <«

Homo erectus : T00-/000 <«

Meanderthal IFO0 cc

Modern man */350-1950 ««

Tools - Cultural Ewvolution

Store “tools - M. habilis (Oldovai chopper)
Hand axes - H. erectus

Composite tools - NMeanderthal, Cro'/l/faynon

Use of Fire - H. erectus

Agricoltore * - /2,000 yrs ago (Meolithic)

Language Evolvtion

FOXP2 gene - important for speech.

Lanyuaﬁe ﬁave us cooperation + culture.

Bipedalism

Frees hand.S, " Sees Parfher, less heat +rom sun -7 savarna.
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Allopatric
Sympatric
Phylogery
Homolojy
ﬂnaiojy
Vestigial
Adaptive radiation
HardY-Weinberﬁ
Genetic drfr
Founder eppecr
Bottlenecx
Punctuated €g-
Cladistics
Hominid
Hominin
Bipedal
Quadrupedal

Prosimian
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Evolution Glossar:i

ﬁeojrﬁphkaﬂy separaf'ed speciation
speciation within same area
euoluﬁonary hf'sf'ory

COmmon ancesfry

convergent Function

reduced  ancestral organs

/ species -7 many niches

Ol A sz + ¢ Zhsmd
random allele change in small popn
small group starts new popn
drastic popn reduction

long stasis + sudden bursts
3roup5 by shared ancesfry
human + ape I:'neaﬂe

humans + extinct relatives cmlyf
walks on 2 Ieﬁ.s

walds on Ieys

prienitive primates (lermurs)
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Evolution -
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Timeline [Recap

Universe Bly Ba-lnﬂ
Earth formed
First Iif
EuKaryotes
Molticellvlar

Fish ._'-
Amphibians
Dinosaurs
Mammals
Primates

Genuvs Homo
Moderrn man (sapg'ens)

Out of Africa
Aﬁriculf'um

/quor MNMames

Lamargg- -
Darwin -
Wallace -
de Vries -

Hard'y -+ Wefnbefg -

/l/fayr -
Miller + 'Urey -
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vse & disuse, inheritance of aczw'red
natural selection
co-discoverer of NS
mutation f'heory
population genetics
blblefcdl species concept

abiogeresis experiment (/7$°3)

Kecap ~ Mumbers

/3.7 b yrs ago

- G & e - yrs a;

- 600 mya
% 37Q my
- 230 &
: 200«
- 2.8 mya
1 200,000 yrs ago '

- 70,00

. %




