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P, furiosa Thermoproteus
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Adaptive radiation in Galapagos finches

rmediurn tree finch
[ akarhykochis paiper)

large tree finch
(Cammarbprnchus peittacula)

small tree finch

(O aknarby ks parvlus) Q

rmangrove finch
(Carmarbprchus halichates)

. . -—-I..hr .
vegetarian finch -
(Camarhyrnchus {5 _
crassirostris) - wiodpecker finch

(T aknarbychas pallidus)

!=§ warbler finch

(Carthides alivacea)

L ancestral
zeed-eating

large cactus finch
(Gaospiza cohirostyis)

Cocos |sland finch

. (Pinaroloxias inarhata)
czactus finch

(Gaosmiza scakndaks)

-E_rn.all ground finch
(Geespiza fuliginesa)

sharp-beaked ground finch
(Gagspiza Qifficilis)

large ground finch

rediurn ground finch
(Geospiza fragrirestns)

(Geospiza Forkis)
£ 2005 Encyclopsedia Britannica, Inc.
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ORIGIN OF SPECIES

BY MEANS OF NATURAL SELECTION,

By CHARLES DARWIN, M.A.,
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except in the light of evolution.”

L.
,  _ Nothing in biology makes sense

Theodosius Dobzhansky
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@sm Qlloemomo (Embryology)

gleogafle Canomil@d AlOMEBBEo (Geology & Fossils)
dlm@‘kraocrgo (Bio-geography)

al@lernon q.II@q;ceauﬁ (Imperfections in evolution)
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(Comparative physiology & Biochemistry)

@@ HlUwedMyo (Molecular biology)
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Comparative Heart Anatomy
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Eight-cell stage

Cross section
of blastula
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Gastrulation
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Endoderm
Ectoderm
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Insect in amber




Geologic time scale, 650 million years ago to the present

o [#re petiod events
Quaternary evolution of hurnans
124 .
L| &
T E Tertiary mammals diversify
adH o
extinction of dinosaurs
100 H Cretacetis first primates
2 first flowering plants ,.;::.' _
1509 & first birds - =
a ; ey e
= Juraszic dinozaurs diversify 4 f.:- | &
200 H 1
B first mammals A ALY R —
Trias=sic , . T -
first dinozaurs »
230 major extinctions ,r"'---" =
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" reptiles diver‘gif'_-ﬂ-—- A
n | y =
5 300 L 1 Pennsylvanian first reptiles
- = 2 zcale trees ¥
Y= LH
= rf_]l'ﬁ 2 Missizzippian seed ferns i
£ 3501 S L. :
2 - first amphibians &=
= 2 . . . T, i
= 2 Dievonian jawed fishez diversify /1
400H & f
- - S
= Silurian | first wazcular land plants
430 Ordavici sudden diversification
- of rmetazoan families
200 H first fishes
Carmnbrian first chordates
230 H g first skeletal elernents
B first zoft-bodied metazoans _
e . . | 1L e
2 first animal traces o B
00 H = —y : i
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Evolution of the horse ﬁmndem Thoroughbred

milllons of years ago

en-uchH | phylogeny Przewalski's horse
olocana
0 - (Equus caballus przewalskii)

Pleistocene Equu. N
bones of ok
5 frocene forefoot . -
Hipparion 4% ¢ )
- Piiohippus ; A '
Lt Nmr#ppus| / |
, MNechipparion . . .
]
4 i
= Merychippus b 4 -
20
\ Farahipous I 1 ;
- Anchitherium
25 f ! 'I-.'%
| k\{:" ,.. W
Miohipp ¥ VA
esohippus
a5

g Animal illustrations
45% V/ o % are to scale.
Crohipous a NMichippus o
paleothera |z
50 family = &
o | | .=
2 =10 4]
Hyracotherium r =z S| |2
55 (Eohippus) Sl A &
4 ‘J \?‘ﬁ [ | _g

% | I =
3 Hyracotherum (dawn horse)
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weriting

paleomagnetic (polarwandering)
dendrochronoloogy

radiocarhon

amino acid racemization
thermoluminescence
electron spin resonance LI

potassium-argon o
paleomagnetic (polar reversal)
I 10,000 40,000 100,000 S00,000 1,000,000 45,000,000
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Palzocene Eocene

35 30 million years ago

Migocene Miocene-Recent
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== e \_/ﬁ- Pakicetidae

Artiodactyla

Ambulocetidae
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=!-—a 5 Protocetidae

e —
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continental drift
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Stages of eye complexity in mollusks

simple optic cup
("pInhoie-lens”
gye, Nautilus)

pigment spot

pigment cup

gye with primitive lens
(Murex, a manne snailj

complex eye
(octopus)
»

epithelium epithelium -
photoreceptor | | photoreceptor refractive lens
 layer layer water-filled . :
(pigment cells cavity refractive lens Iris cornes
and nerve cells) \ /
o @ IF e : e .
-\.I | . r.‘_ 1-'::: -:11 %.‘ ':.-:::_
2 & [ R | | 8
f- I' ||1'.:'-,‘ - % -:_; — = -
oo . ﬁ{'ﬁb o - ]
. '-'I.J..l'_i A L . ""f TRIR s @
NErve . o A | ‘\
Nery - o
fibres i optic . .
. - g . “ aerve retina
epithelium epithelium photoreceptor _
layer (retina) reting vitreous body
) 2005 Encyclopadia Britannica, Ine.
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Cytochrome C — Protein in all living organisms

Amino acid sequence

mgdvekgkki fimkcsqcht vekggkhktg
pnlhglfgrk tggapgysyt aanknkgiiw
No difference

mgdvekgkki fimkcsqcht vekggkhktg
pnlhglfgrk tgqapgysyt aanknkgiiw
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Miller-Urey experiment

a——

Electrical spark
[Lightning)

=

to vaCwum pump

FESEs (primitive atmosphesna)

Direction ¢f water vapor circulation

Sampling proge

Ay

Caranser

Cald water —s

Sampling probe

Conled water
(cantaining organic compounds) eak saurce

Trap
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Inorganic vesicle Cell
: + g +
High [H™] High [H*] H
MN-phase +
= = o N-phase
+ + fii e +
Low [H™] Low [HH]
-+
+ |- + - - |+
hydrothermal fluid cytoplasm
+ =
membrane +
-+ +
+
+ High [H*]
i Low [H™] I H

hydrothermal fluid




Reverse Krebs cycle

Acetyl-CoA

Oxaloacetate

D)
-

I Citryl-CoA
MamLs ‘i‘ Synthase
4 ;
Fumarate ATP Citrate Citryl-CoA
r
- e % Citryl-CoA
y Lyase

Citrate
T

Sucinate Isocitrate

Oxalosuccinate
#f Reducatase

G:E losuccinate

Isocytrate

Dehydrogenase
“ﬂ Sucinyl-CoA -
2-Oxoglutarate

2-Oxoglutarate «° \* Carboxylase

O .
< e
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Konstantin Mereschkowski Lynn Margulis
1855 - 1921 1938 - 2011



Muclear envelope

Endoplasmic
reticulum . Nucleus
Infolding Zi= )
of plasma , TR
membrane
= i
] -
DNA /
. \ = Cytoplasm Engulfing — .
[ f of asrobic
» heterotrophic
':'?.l Ancestral prokaryote
(2] prokaryote
Plasma
membrane

Copyright © Poarson Education, Inc

 publishing as Benjamin Cummings

Mitochondrion
Ancestral
Cell with photosynthetic
nucleus and ; - eukaryote
endomembrans Plastid

system - ] e §
#r % —.‘H m"':?!_‘?" %g
- | &

Engulfing of
photosynthetic
prokaryote

Mitochondrion

Ancestral
heterotrophic
eukaryote




LECA (Last Eukaryotic Common Ancestor)

; g il
: -

Cyano-  Other Fungi
bacteria eubacteria Plants Animals (yeasts) Protists Archaebacteria

-l

First cell

THE CELL, Fourth Editicon, Figure 1.7 © 20
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Australopithecus africanus Homo sapiens
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<~ *
. Denisovans
Homo Homo sapiens
it

Ay neanderthalensis
Homo erectus Homo erectus
(or ergastor) in Asia
in Africa

P, S

\ /

P Homo habilis - _
: : ; : _ ‘ Ancestors of Neanderthals,
; Australopithecus . Denisovans, and modern
Homo erectus <= humans spread out from
Other apes

spreads from Africa
Monkeys Africa to Eurasia

Big increase in brain
size and body size
with Homo erer’

Human ancestors
confined to Africa




| l | Denisovans 1
Homo Homo sapiens
4

| neanderthalensis
omo erectus Homo erectus
or ergastor) in Asia

-/

Ancestors of Neanderthals,
Denisovans, and modern
Homo erectus = humans spread out from
spreads from Africa
Africa to Eurasia
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Endogenous retroviruses

Hrllgl2.3

lirdl

human

chimp
gorilla

e ||
a——at¥ lir3|
T lird7T

I-l 13

lirl&
BTl

orangutan

H Old World

= -

—

monkey

New World
monkey
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Human chromosomes

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X 1%

Chimpanzee chromosomes

. L) !
™
i
I I I O
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QIDELIE W) Gorila

H_ B Il _ oOrang

I NIN XTI IE BN B I Human



Ancestral

Chromosomes
Fusion

Homo sapiens

Inactivated

\ — centromere
Telomere

I sequences

B Centromere

Bl Telomere

Testable prediction: Common ancestor had 48 chromosomes (24
pairs) and humans carry a fused chromosome; or ancestor had 23
pairs, and apes carry a split chromosome.



Human Chromosome #2 shows the exact
point at which this fusion took place

“Chromosome 2 is unique to the human lineage
Homo sapiens of evolution, having emerged as a result of head-
to-head fusion of two acrocentric chromosomes

_ that remained separate in other primates. The
LZZ‘;Q’;ZZ precise fusion site has been located in 2q13-
' 2914.1 (ref. 2; hg 16:114455823 — 114455838),

Telomere where our analysis confirmed the presence of
sequences multiple subtelomeric duplications to
chromosomes 1, 5, 8,9, 10, 12, 19, 21 and 22
(Fig. 3; Supplementary Fig. 3a, region A). During
the formation of human chromosome 2, one of
the two centromeres became inactivated (2g21,
which corresponds to the centromere from
chimp chromosome 13) and the centromeric

structure quickly deterioriated (42).”

Hillier ef al (2005) “Generation and Annotation of the DNA
sequences of human chromosomes 2 and 4,” Nature 434: 724 — 731.




= Pre-tElameric Sequence

l'l LTLOLCCLLE GULACGALLL CLLTLLULDAL CALTCLTAAMLD AAKLALALLLL TQLLOLTOTC TLOLDODCTLOL DLLLCLLLOL

NEELCGLLOGE CTTTCLCATG GOLLAGTTLL GTTCTOLTCA GCACAGALCC CLAGALCALC CGCALGLLOGAL CTOOGTTLTC
J TCTGCACAGA TTTCGLTCLT ACTGCGAAGG COCACCACAL TTCTCCTCAL CTCACACOOE GUUOCCLOCEH CUTAGGATAC
| COCCACCOGA COTCOLTTCT COTOACOACA CACCTOCCOE TCADCGTAAA CATCCACCAL CATTCCOCTA ACCACACALC
i | TTEGGLGCCAC TCOOTOGLOTT TOTCACAALT CLOLLOLCAT CAACCLTCAA TAAMATCTTT CCOCCOTTOCA CCCOTOAATA
¢ | ATCAAGLTCA GALDADCALTT AGACOGGTTC ACGTOROGLAAA ACGLCASACA AMASLICCCT CTCAATICTS GLCAGTGALA
DO LITATCCCAAA GUAACLOGAL COLCTOCATT GCALLG
|
[ » FLUSION POIMT Fused Telpmerne Sequence
TCACLE TCALGE TCAGGT TAGGE TTALLE TTTGLG TTLGGE TTLGGE TTCLGE TTGCCG |
TAGCG ITGCGG  TTTGGG ITGCGE  TTAGGG TTAGGGS  TAGGGE TAGCG TCAGGS  TCAGGG
LA T TALLL TT TR T WAL T TALLL T TR TTTLLLL T T TG TTLLLL
TTAGLGLG TTALGLL  TTAGLLE | TTADLL T TR TTCGELG TTLGGG TTLLGG TTAGLGE  TAGGGE
TAGGCG  TAGCG TTACGL  TTAGGG  TTAGGG TG TTAAGE IGGLG  TTGGGGE  TTGGG!
Ll ITAGGG  TTAGGLG TTACLG T 1AL CTaL|  CCCTAA COCTAM CCCCTAA COOCTAA  COCCAA
it L AR CODCAA OO A CODC AN LLCTA CLCCTA COOCTAA CODOAA COCTTAA COITTAA
j_;. CCOTTAA  COCTTA CCCTAR COCTAA OO AR, CCCTAA COCTAA L CCCTRA COCAA
CCCTAA  COCTAA  COCTA COCTAA  GOCTAAAA CCCTAAAA CCGTGA  COCTGA  CCTTGA CCOCTGA
CLLTTAN CLOTTAA CLLTTAM LLL TihA CLLTAA LILAT MK CLLTAAN  LLLTAM CLLTAAA UL TAR
CCCT COC TR CCCTAA, CCCCTAaA  CCCTAK COCCTATA CDCTAR COCTAA CCCTH CCCCTA
CCCCTAA  CODCAR :"'-.I'.'l. COCCAA COCCAA CCCTTA COCTAA CCCTA CCTA CCCTTARA
CCCTAA  COCCTAA COCTAA COCCTAA  COCTA COCCAA  COCCAMA  COCAA CCCTAA  COCAR
LLCTlA LA L TAR L CLLTAN CLCCTAA  CCLTAMA CLCCTA CLLTAA  CCCCTAN
\ CCCTRA I l':'.'-'u'- CCCCTAaA CCCTAL COCTAL CUTAR COCTAA CCCTCA CCTAN
\ CCCTCA  COCTAA  OOCTCA COCTCA  COCTCA  OOCTCA  COCTAA  OCCAA
III -
\ Pre-telomeric Sequence
\ CLTCTLTLE TLAGASLAAT LCLTOLTOCOLL CTITAALLTL COLCCCALLT CTLTLLTLAS CALAMLLLAL LTOLLLOLTO
| |GCAGTCLCCT CACCCOCOOT CTCACCTGAL AACAACTCTG CTCCCCCTTC GCAATACCCC CCAACTCTGT GCAGCAGCAGA
1| ACCCACCTOC GOOCTOGOGA TOOTCTTCCG CTCTGTGOTA AAGACAACGT AACTCCOCOCC TOGCAAACCE CLOGCCGOOG

.l"'.,_ WOLCACCCCLE AGACLOQIGE COCCCOOCAL COCOOACALL COLOCCICOLE CLOACLOCCE ACACCOCOCE COOCCOLGAL
| GECCLALALL CLOLLLGLLL COLALLLCLL ALALLULOGL (LCLLILLAL LOLGLALALL CLOCLLGLCL CLL
=i

.".,_ lelpmeng Seguence
| ITACGE  TTAGLG  TTAGGGS TTACCE TTAGEG ITAGGE ITACLG TTAGEE TTAGLG lilF-l.'-l.'-L'-'_|




Chromososme fusion

Hemoglobin mutation

Mature Pasides | Daoreis
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H. erectus
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Mitochondrial DNA and human evolution

REBECCAL CANN , MARK STOMEKING & ALLAN C. WILSON

E'ﬂl amant of Bischamiplng, Univerily of Caliteinis, Badliy, Califaimnia 84720, USA
Fresend gddiess: Depatment of Genebios, University of Hasaii, Monaluly, Wawaii Q8832

Litochondiial DI Asfrom 147 people, drava from five geographac populanons have been analysed by restnction mappmg. All
these mitochondiial DLIAs stem from one woman whe is postulated to have lived about 200,000 vears ago, probably m Africa.
All the populations examined except the Afiican population have mulnple orioms, inplving that each area was colonsed
repeatedly,
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PATERNAL MITOCHONDRIA
DESTROYED AFTER FERTILISATION

CELL DIISION IN
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Family Tree DNA :
mtDNA Migrations Map
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