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Nothing in Biology Makes Sense Except in the Light of Evolution

Theodosius Dobzhanszy, The American Biology Teacher Vol. 35, 1973
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Historien bakom EVOLUTION som Koncept

Samlare och katalogisering
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Lade grunden till den moderna
nomenklaturen inom biologin
och den moderna systematiken,
som grupperar vaxter och djur,
osV.
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Vaxtgeografins fader

Carl von Linné, 1775 Alexander von Humboldt, 1843

Source: wikipedia



Historien bakom Evolution som Koncept
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Banbrytande insikter

>

On the Perpetuation of Varieties
and Species by Natural
Means of Selection, 1858

On the Origin of Species by
Means of Natural Selection,
1871

Jean-Baptiste de Lamarck
Philosophie Zoologique, 1809

Charles Darwin

Source: Cambridge University Library

On the Tendency of Varieties to
depart indefinitely from the
Original Type, 1858

Alfred Russel Wallace

Source: wikipedia



Historien bakom Evolution som Koncept
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Darwin’s finches Darwin’s tree of rIife,

Source: national geographics, wikipedia



Historien bakom Evolution som Koncept
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Tva huvudprincipier:

« Variation i en population skapas genom processer som okar
mangfalden i en genpool.
« Naturligt urval. Individer har olika sannolikhet att 6verleva

beroende pa vilka arftliga egenskaper de har. ‘Survival of the
fittest'.



Historien bakom Evolution som Koncept

Banbrytande insikter
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Gregor Mendel

Versuche liber Pflanzenhybride,
1865

Den forsta teorin om hur egenskaper
nedarvs genom att anlag slumpmassigt
kombineras i avkomman.

>
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Source: wikipedia
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Dom mesta livsformer vi kdanner till ar valdigt lika pa ett grundlaggande plan:
1. Arvsmassan ar alltid kodad i nukleotidpolymerer (RNA eller DNA)

2. Arvsmassan ar alltid 6versatt fran tre kvavebas-kodoner i RNA till
polypeptider med olika aminosyror

3. Den grundlaggande metabolismen ar nastan identisk i alla livsformer

4. ATP ar den cellulara energivalutan i alla livsformer

5. Alla organismer anvander co-faktorer i sina enzymer

Livets ursprung pa jorden hande en gang i tiden och

alla livsformer ar slakta med varandra.
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Historien bakom Evolution som Koncept

Tva huvudprincipier:

Variation i en population skapas genom processer som okar
mangfalden i en gen pool.

Naturligt urval. Individer har olika sannolikhet att 6verleva och
att fortplanta sig beroende pa vilka arftliga egenskaper de har.

‘Survival of the fittest'.
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Variation i en genpool:
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- Mutationer 1 gameter (~2.5x10-8 per bas per bNa R

generation, ungefar 60 mutationer per generation)

a. feler pa replikationen
b. kemisk modifiering
c. transposon flytt, translokation
d. etc.

- Genetisk rekombination
a. interchromosomal
b. intrachromosomal

- Forandringarnai ploiditet

Alla dessa variationer ar inte riktade

A rare mistake during
DNA replication duplicates
the hexokinase gene.

A second rare mistake results
in a mutation in the second
hexokinase gene.

expression
of mutated
duplicate gene

expression of
original gene

ATP + glucose ATP + galactose

)}
ADP + glucose , ADP + galactose
6-phosphate ol 6-phosphate

Original hexokinase Mutant hexokinase with
(galactose not a substrate) new substrate specificity
for galactose
Figure 1-33

Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company



Naturligt urval:

Naturligt urval innebar att
individer/celler/organismer/etc med
egenskaper som gor att de ar battre
anpassade till den aktuella miljon oftare
overlever och kan fortplanta sig, vilket gor att
dessa egenskaper tenderar att vara de som
sprider sig till kommande generationer.

Detta mojliggor att nya nischar utnyttjas och

att organismer far en selekterbar fordel
gentemot andra (celler/organismer/etc.).

Survival of the fittest
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Livets utveckling “origin of life” - hur gick det till?



Prebiotic formation of simple compounds,

including nucleotides, from components of Earth’s primitive

atmosphere or gases in undersea volcanic vents

1

Production of short RNA molecules
with random sequences

l

Selective replication of self-duplicating
catalytic RNA segments

l

Synthesis of specific peptides,
catalyzed by RNA

l

Increasing role of peptides in RNA replication;
coevolution of RNA and protein

1

Primitive translation system develops,
with RNA genome and RNA-protein catalysts

1

Genomic RNA begins to be copied into DNA

l

Figure 1-36
Lehninger Principles of Biochemistry, Sixth Edition

© 2013 W. H. Freeman and Company
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Electrodes

il
Miller-Urey-experimentet: a 5, o

Enkla organiska molekyler kan Spark \ /
bildas fran enkla reaktanter o
HCN,
eids
80°C
Condenser

Figure 1-34a

Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company




Prebiotic formation of simple compounds,
including nucleotides, from components of Earth’s primitive
atmosphere or gases in undersea volcanic vents

l

Production of short RNA molecules
with random sequences

l

Selective replication of self-duplicating
catalytic RNA segments

l

Synthesis of specific peptides,
catalyzed by RNA

l

Increasing role of peptides in RNA replication;
coevolution of RNA and protein

l

Primitive translation system develops,
with RNA genome and RNA-protein catalysts

l

Genomic RNA begins to be copied into DNA

Figure 1-36
Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company
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Man har vissa ron som tyder pa att
livets evolution kan ha agt rum kring
hydrotermala dppningar pa havets
botten.
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T

T

Diversification of multicellular eukaryotes
(plants, fungi, animals)

Appearance of red and green algae

Appearance of endosymbionts
(mitochondria, chloroplasts)

Appearance of protists, the first eukaryotes

Appearance of aerobic bacteria
Development of O5-rich atmosphere

Appearance of photosynthetic O>-producing
cyanobacteria

Appearance of photosynthetic sulfur bacteria
Appearance of methanogens

Formation of oceans and continents

Formation of Earth

Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company
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Endosymbiosis och mitokondrierna

Anaerobic Bacteriumiis
metabolism engulfed by

is inefficient ancestral
because fuel is eukaryote, and
not completely multiplies
oxidized. within it.

Nucleus

Ancestral anaerobic
eukaryote

. Bacterial
Q
@ genome

Aerobic bacterium

Aerobic metabolism
is efficient because
fuel is oxidized to CO».

A Figure 1-38

\..‘ *‘;
- Lehninger Principles of Biochemistry, Sixth Edition
Lyn n Ma rg u I Is’ 1 938_20 1 1 © 2013 W. H. Freeman and Company

Aerobic eukaryote
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Symbiotic system can
now carry out aerobic
catabolism. Some
bacterial genes move

to the nucleus, and the
bacterial endosymbionts
become mitochondria.

Nonphotosynthetic
eukaryote

Photosynthetic
eukaryote

Cyanobacterial \‘ —
0

genome

Photosynthetic
cyanobacterium

- - Engulfed In time, some
Light energy is . cyanobacterium cyanobacterial genes
used to synthesize pecomes an move to the nucleus,

biomolecules

and endosymbionts
from CO».

become chloroplasts.

endosymbiont

and multiplies; new
cell can make ATP
using energy from
sunlight.



Nyttjan for en biokemist att forsta

principier bakom evolution

Fylogenetisk systematik: Nya sekvenseringsmetoder leder till att
man forstar battre hur organismer/proteiner ar slackt med
varandra och hur funktioner/celler/etc har utvecklats

Strukturbiologi: Storskalig analys av aminosyrasekvens mot kanda
proteinstruktur mojliggor att forutsaga med hog precision

strukturen fran nya proteinsekvenser

Storskalig sekvensering leder till upptackt av slakttrad och lange
sedan utdoda arter

O.S.V .........

UNIVERSITY OF
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Fylogenetisk systematik

Kladistik, aven fylogenetisk
systematik, ar en vetenskaplig
metod som anvands framst vid
studier av evolutionara
fragestallningar om slaktskap
och utveckling av arter och
egenskaper inom biologin.

Willi Hennig, 1950

UNIVERSITY OF
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A och B ar fylogenetiskt “narmare” an C

Grenens langd och position visar de statistiskt
mest sannolika sambanden mellan de olika
organismer

Varje gren indicerar en ny karaktar

Source: wikipedia



Sekvensanalys for Cytochrom ¢

MGDVEKGKKI FIMKCSQCHT VEKGGKHKTG PNLHGLFGRK TGQAEGYSYT
MANKNKGIfW GEDTLMEYLE NPKKYIPGTK MIFWGIKKKE ERADLIAYLK
KATNE

Sekvens Cyt ¢ hos oss
(105 amino acids)

Macaca mulatta Callorhinchus milii Otolemur garnettii

99% sekvensidentitet 91.4% sekvensidentitet 91.4% sekvensidentitet 86.7% sekvensidentitet
159 112v 112V 112V G2S
mM1i3Q M1i3Q M1i3Q Vil
S16A S16A S16A E22D

Y47F Y47F A97D




Multiple sequence
alighments (MSA

Chymotrypsin

Spodoprera exigua
Tenebrio molitor
Lygus hesperus
Priplaneta americana
Aedes aegypti

Mus musculus

Spadoptera exigua
Tenebrio molitor
Lygus hesperus
Priplaneta americana
Aedes aegypti

Mus musculus

Spodoprera exigua
Tenebrio molitor
Lygus hesperus
Priplaneta americana
Aedes aegypti

Mus musculuy

Spodoptera exigua
Tenebrio molitor
Lygus hesperus
Priplaneta americana

Aedes aegypti
Mus musculus

Spodoptera exigua
Tenebrio molitor
Lygus hesperus
Priplaneta americana
Acdes acgypti

Mus musculus

Spodoptera exigua
Tenebrio molitor
Lygus hesperus
Priplaneta americana
Aedes aegypti

Mus musculus

VHLSTLRYFRNTMQILISSLLTILLVGSNQAK. ... .. :2e:0v:2..PNGLRMINEKSVK

e+ssseseseseses  ILVILLSLSGALGAPAAD....v:+v+++....TDLGERIVGEEDAP
vesessssesss MAFKLTVAFLLVASLALAS......:+2......SRATHKIVGEDEAE
seese2:. . MLGITVLAAILACASSCGDPTFP....::2+2.....PNLSARVVG[EEDAV
40 50 60 70 @ .9 S0

EGS YTVALIFGER....VMFQL| ASLISRRLMMEPIIETIESFIADDGGLLKTLHSRYY
KGQFIJWQAALYLTVSG. ... .GTSF)| GALISSNWIMMEERINTOG. ... . VSGITAYLGVYY

EHEFEQFLVFVKRKVYVEDVQYTGE] GSLISTQHVIRERRINVSKTSKYGQVNYKADRSDYY
LGQYJFQISLQYNN.......QH GSILTENYCRERRIEVDG. .. . VYVGLSVLAGTY
AHEFERYQISLOQWNENDGQTETMHF) ASVLNENFVIRERLIMK TAYSNTGFIEVVADEHDYY
PNSWIEWQVSLQYLRDD. . . TWRHT] GSLITTSHVIRESLIHINTNL . TYRVGLGKYNLTYY

100 110 120 @ 130 140
GSNQWNSEGG.......TMVYLKGYH POWDSTNIKY. .|®T LVTREPVHLTDRVTLIS
SLSDSSR. ..« 2...VTAQASRVV PSYSSSTLAN. .BITEALIQLSTSVATSTNIRTIS
TVYLGAHDSKQLERLATKRSVRLVELHEGYVGTEQRIVHMIENLLTLSKGVTVNENIKPIC
SLSSGG..........QRRVVASHT EGYDPYDQWIN.|GT VKLSSPLELGSYVQPVP
AVAEGSE.........QRRLVAEFI EDYQGGVSPD. . 8T IRVDKPFELNDKVKAVK
EDEEGS..........VYAEVDTIY EXWNRLLLWN. .ISIENIIKLAEPVELSDTIQVAC

150 160 170 180 1%0 200

LSYEFIEGNERSFVAG RTGPRFEENVIHLQPTPDDKQVLYMNTLDYDQCQEQMKIASN
LSSSTLGTGASVIVSG RT......SDSSS.SISQTLNYVGLSTISNTVCANTYG.. ..
LPRHRNFHDLHKLATMIENG. ... .. TDRWSGEVTRFPNKITSRIVGSDKNGHIQTS. ..
LLGQGVETPGGTPATVIENG. ... ..RLATGGSAPDKLQMVDILVYSDEECNALHNG. ..
LPKQLEQFEGDVTLSG SV.ceeaan STTVFPDYPDKLRKVVLPLVDYEQCNALWDNDS.
IPEQDSLLPGDYPCYVT[EgWNG. .. ... .RLWINGPIAEVLQQGLQPIVNHTTCSRLDWWFI.

210 220 240 250
NNAPPIERDIELCTFHSRGHG BMGgSALVRLSTMQ. . .QIFI WGYNCAVG. .. ..
«++-SIIQSGIVCCTGSTIQST "GP LVIGSGTS . AVHVE FGSSAGCA....K
ssessssssscsess AKKAST gGPVVIQERKD.QTLV[H YVDKYCPVGEIEG
-+ .ATHPTNICAGVPEGGKGQ PEEGP LIADGYQ. . . . . VEI WS .VKPCT....V
«++ ALAKSNVCAGPIDGSKS ARIECP LVKQSGED . VIQVE WG.AVPCG....S

+++ - KVRETMVCAGG.DGVISA PLNCPVEDGLWQVH[g FGSSRGCN....T

(A) Spodoptera exigua, (B)
Tenebrio molitor, (C) Lygus
260 270 280 .
. .APDVHVRIYGIKDFLESTMALYED hesperus, (D) Periplaneta

G.YPSAYTRTAAYRSWISSNAGV. .. . .
YLFTDTHTRVASYLDWIKKKVK. ... americana, (E) Aedes aegypti
APYPGVYTQVTSYIDWIKQNTDRT. .

PRRPTVFAGVSHYVDWIEQQLRA. .. and (F) Mus musculus.

YKKPVVFTRVSAYIDWIKEKIQL. ..

UNIVERSITY OF
GOTHENBURG



GOTHENBURG

[Tee of |life

DOMAIN: EUKARYOTA

777

= | Archaea DOMAIN: ARCHAEA

&S /Bactera DOMAIN: BACTERIA

DOMAIN: EUKARYOTA

Pennisi E. 2015. Science doi: 10.1126/science.aad4597



Multiple sequence alighments hjalper

proteinstrukturbiologi
Highly accurate protein structure prediction with AlphaFold. Nature 2021, Nobelpris | kemi 2025
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Fylogenetik inom cancerbehandling

* Cancerceller har utvecklats fran
en hormal cell

 "Somatic evolution in cancer”

 Man kan folja dessa steg pa
DNA-sekvensniva

®

kAutation inactivates
tumor suppressor gene

CELLS PROLIFERATE

wutation inactivates
DMA repair gene

Mutation of proto-oncogene
creates an onoogene

ndutation inactivates
several more
tumor suppressor genes

CAMNCER

UNIVERSITY OF
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Fylogenetisk systematik inom arkeologin

Eurasia Africa
0
Denisovans sapiens
Neanderthal
floresiensis
0.4 - hei _ 2
Java Man eidelbergensis naledi
Peking Man
0.8 -
antecessor
1.2 4
Denisova Cave bone fragment
DNA-extraktion fran fingerbensfragment av 16
. .. . o N = t
en ung kvinna som levde for cirka 41 000 ar sedan erectus
Sekvensering ”
Sammanséttning av genom 2.0 L

Analys

DNA-sekvenserna visade att denna individ kom fran en tidigare okand grupp av en utdod
manniskoart som nu kallas Denisovan. Tillsammans med sin systergrupp neandertalarna ar
denisovaner de narmaste, men utdtda, slaktingarna till oss manniskor.

Reich, D. et al.: Genetic history of an archaic hominin group from Denisova Cave in Siberia. Nature 2010 23;468(7327):1053-60.
Source: wikipedia
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2022 Nobel Prize lecture in physiology or medicine

Nobel Prize @
4 Sh
460K subscribers w [6 g] A> are

www.youtube.com/watch?v=FXgW1WZVOrc



https://www.youtube.com/watch?v=FXgW1WZV0rc

&) | RESEARCH ARTICLE | HOMININ GENETICS f X in @& & O =

Vart kommer vi fran?

Neanderthal ancestry through time: Insights from
genomes of ancient and present-day humans

LEONARDO N. M. IASI , MANJUSHA CHINTALAPATI , LAURITS SKOV , ALBA BOSSOMS MESA , MATEJA HAJDINJAK , BENJAMIN M. PETER , AND

PRIYA MOORJANI Authors Info & Affiliations

SCIENCE - 13 Dec 2024 - Vol 386, Issue 6727 - DOIL: 10.1126/science.adq3010

Identify Neanderthal Catalog of Neanderthal segments
f segments using admixfrog in the genome —
3
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Homo sapiens’ evolution och begransningar i den
centrala evolutionsteorin enligt Darwin

Eurasia Africa
0
: sapiens
. . DERGERE S Neanderthal
floresiensis
0.4 - » | 'y
Java Man eidelbergensis naledi
Peking Man
0.8 -
antecessor
1.2 -
1.6 - erectus
2.0 habilis

GOTHENBURG

Varfor dog Neanterthaler och Denisovaner ut, eller
varfor tog Homo sapiens over?

Var art hade en sarskilt vag i evolutionen:

- Neanterthaler hade dverlagsen kraft och storre hjarnor an
Homo sapiens!

- Men Homo sapiens slutliga utveckling hande inte med
mekanismer enligt darwinistiska principer ("Survival of the
fittest”), tvartom tyder nyaste ron pa att vi utvecklades
med mekanismer som man kan sammanfatta med
sjalvdomesticering, da individernas samarbetsférmaga
var allra viktigast (" Survival of the Friendliest”)

- Var samlade férmaga blev starten for alla kulturella
revolutioner, dar andra manniskoarter inte kunde héanga
med.

Survival of the Friendliest: Homo sapiens Evolved via Selection for Prosociality. Hare B.
Annu Rev Psychol. 2017 Jan 3;68:155-186. doi: 10.1146/annurev-psych-010416-044201.

The Origins and Psychology of Human Cooperation. Henrich J, Muthukrishna M. Annu
Rev Psychol. 2021 Jan 4;72:207-240. doi: 10.1146/annurev-psych-081920-042106.



https://pubmed.ncbi.nlm.nih.gov/27732802/
https://pubmed.ncbi.nlm.nih.gov/33006924/
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Evolution ur ett
biokemisk perspektiv

- Historien bakom evolution som koncept
- Mekanismer och drivkrafter fér evolutionen

- Livets utveckling
- Tillampningar (Fylogenetik, multiple sequence alignements,
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