Evolution via Natural Selection
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@escenf with [¥lodification

From 1820-18%6 a youa

At each stop, Dacwin studied and caduloged plants and animals . —
He made Key observations:

(1Y
S o
y Charles Darwin. fook part in a survey ex cdifion
‘“\&‘[ SJO’P(& l'n Avs{(aga, Atfu'ca. ,Sou“\ An\er.‘ca, 'thcusly a.k '”\( Ga'a:gcuas O Qoé
o g
o o

ladividuals of fhe same papulabon, (members of a species I:‘viaj in the same area af same eim)
vary from one another, even offspring of the same generation

Mouch of this variatioa ("’fﬂils) is heritable - PosSed {rom parea‘l’. to ou’spf:':j

More of?SPf ng are Pfﬂdi’C?J fhan {he environmeat can so”art—) Competition for limited resovcces

From 1hese observations, collaboration wifh other scientists (&)allacc) ) research and c)cper.'mm{al::‘an, Daérwin
rublfshu) “On fhe Origin of Species by Means of Nafual Selection" jn 1859. Here are his posfulales:

@ In o popvlah‘of\, some individvals will have inhtrited fcaits thot help them sucvive and reprodvee (in heir
Current eavivoamenl ). Individvals wilh these Ine)p-[’u( fraits will Jeave moce o”spn‘nj than those without

@ ﬂes{ he)prv) frm"fs are herilable and will become more common in the Pofula{ian. in he next senerab'on

@ Over genecations, the Fapulab‘on will become adapfed fo ifs environment .

He called this process “descent wilk mooification” and s mechanism “ Matural Selection™

At)ﬂpfa{ian: slevedore, behaviour, oc physiological
process that helps an organism
Svevive and rqxuduce in an environmeat

Genedics hos im,ro-m’ our um)ers}anJ:’QT of fhis . 75&0«] = Evolulion: 1he cl\ande in allele ‘Pfeydﬂlfif.s in a Popo’ab'on over fime

[Slyth

x Evalution is ”Jus{," a -H\eog,
i.e. opinion / kypo-lmis / guess

i's not a low
ex: a hove & H\nr] a¢ 1o
uly you afe alutys [ate

X Individvals evolve during
fheir )ifespan

X Humaas are the ' most evolved’

XK Nalueal seleckion involves
organisms 1rying {o adapt

Y Najural selection gives an

oganism what it ‘needs’

X 'Sycvival of dhe Ditlest’

means Jhe s{ronacs{, survive

X Al {eils of organisms are
ac)op{,alions. Cvoluiion rru)ms
otganisms perfectly svited 1o
environmenls

“Evolution never looks to the future,,

Richard ®awkins

Fact

In science, fheoty : o well-suppocted txplanation which has been repeeiedly fested and
confirmed ﬂ\muh observation and cxf'ffmm‘lﬂtw/\- . Evolulion via aafural Seleclion is a -Huog.
A Jaw: a slatemeat based on repeated exper:mmfal observations that desceibes o phenomenon

(osoa"y via eqoq{EOnS) B J accgdet);

obsecvations —> '\”dhesis tested <
R not corroborated (evidence doesat support lypoihes.'s)

Individual o(ganisms do not evolve- populations evolve. When a popoladion is evolving,
the ratio of different alleles chanses - indiviguals do net.

~ Genes molafe. lndividvals ace selected. Populations evolve . ~
No such ﬂ\i@ as mare oc less 'evolved’. Humans are not ‘more evolved' fhan any ofher species.

Nalura] selection iavolves species adap!.'qj over {ime but does not iavolve f'y:‘nj of wan{:nj.
Either an agan{sm hos the alleles That are dood cnoUJh 4o survive and feproduce of it doesn't.

Natural seleclion has no infenbions or Senses. Najural selection acls on genetic variation in a
Popvla{im , which is generaled by random mufation - & process vnaffected by needs.

Moe |ike * survival of the ('iﬁ cnaodk'. Otaanisns with many dilferent 5ene{ic variations Survive,
reproduct, and pass on genes mol wst those with ‘Yhe besl'. ‘Filness’ in jhe evolvlionary sease
means ils abilily o poss an genes {0 jhe next genecalion. The more {eclile offspcin:s,{hc more £it

While some drails are adaplive many are nol ond merely chance results. Nafural selection is not
all- powerful and doesal produce pecfection. Nadvral seleclion can 0n!y select whal is already Present
and cl\aﬁind a feature 'for the belbter' might change another {or Ihe worse .

~dont change whals not broken ~



Natural Selection

Ewolulion is what s occoring in Populc«-hdz\s)

Nodorel selection is how it's occuring random mulation M@M X

@ FZ/ na'luro\[ sdec,Lio/\ -l-o oClur fl\crc most be (—% ,:rodvd.;m of vaique ameks ~ D

amotjs{. mdividvals in a Po,olq{ion.
/ random fectilization duriag ge xoal reproduction
@ This variation most be

@ PoFolal:ionS produce. more of-?sprinj than he environmeat can soppart —> not all individoals will sorvive fo reproduce
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\l/ / compekion for space
@ Slwggle for sucvival —

% ,,/ ;. 77 ”"'\‘"é,
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o l/ (selection Presswe.) campelion Lor ma*cs/@
So { 4 : 2
; . N~ CIN ‘f{‘ ¢ vy N
i N\ ¢/ AN S & ;
S Parasifism \ discase _Jgll- X \ ’S:i)s

\l/ @ Selection of characterislics \l/
Disadventaaeous chacacterisiics AdVontaaeous chacacleristics
Stlecked against X less likely {o suevive Selecked for / maore ll'ltt!y Jo svrvive
less ’l‘kcl‘y {o rtprof)uce and pass on dl’Sa&Vaa{aaeau.s allee more h’kcly lo rtpfot)uce and pass on ad\)an’faaeou,s allele
Fre7umcy of allele decreases in populaliar\ Fﬂ7umty of allele increases in popula{ior\

| |
\%

@ d\anje in allele frequency

@ Populal?on, evolves {o become belter adapled o environment.

Case 5"0@)’- Melanism in 1he P(ppefed Moth

Z nafocal variants of the Pe”mJ Moth : Colovration foc melanin controlled {J}l allele

na}uml_ly Jive on hee covered b}/ white |ichens Black variant pootly cw?lajed

\S easier foc bicd Pm)a#ors Jo see
and eat black vaciant

i variaat well- camaoFlaseJ A ] ) '
/ > making it d;fievlt Gor bird <R ~
S predatocs Jo see and eat them A ,

[ndustrial revolvtion [Cat)
{0 Iardc emissions .

» more white mofkS survive and reproduce
S more alleles for white passed on o next Jwra{ion
S Popola(c‘m is mocfl): whife variant (98%)

> variaal more lu‘kely - less —y decrease in
PO“II{‘O'L kl."CJ Cﬁsny visible +° die a'\d allele Pgss(a on allele
lichenS and furned not ftpwm fmpency

Fhe $rees black
B'd(k Vﬂl;al\{ - ‘CSS 'l.kely _)W\O(e Black - increase in

New Selection pressore camouflaged fodie and " glile passedon  black allele
/ > not rePwM gmpency

foclor that increases
oc decreases reproductive popelation of moths &— more blacK moths «— cl\anje in ?Ilele .
succesS of o foru’a‘l:c'on. be&«-odop}ed less moths Freguenc); n Popula{uon




pecia’rion

/> can prodoce o?(’spn‘r:j
Specics.’ a grovp of 0rganisms Jhat can inlerbreed fo produce feclile offsrn'r:j

\> this means fhat Odiflecent Species cannot praduce fectile °€€SP'”5 Y

horse donkey
SPecia{iom.‘ when Populab‘ans evolve 1o become disfinct speciesS 4
\> dve fo nalural seleclion acting on selec)ive pressures, po vlalionS change. When #‘ey chandc mule (infertile)
somuch  thad if individvals fom one population {ound and tried o made itk
individvals from another, and were aot able o }mdvte feclile af?gpn'ﬁ wl\y? J

—> said 1o be rcprodudivel)/ isolated ang gfec:alim has occuced

2
2 |- original Pa'oula'lian
y .
O — @ - 2- Pkys.‘ul barrier (movntoin, ocean, cmyon,dc.)
r @ Serarq{es fapola{ian info 2 grovps
O Physical barrier 3- populedions become adapted fo
~ O diPleceat local condifions
O — O/’ — become genelically different
4- rchdvdive isolalion occors. |@ species meet .-,
they cannot interbreed fo produce fecdile aﬁ‘spn’flj - (\“

(KOM?l?- Isthmes of Papama

A ,oad b(idj! formu)

belween Nocdh and Sevil

America - dividing the

~ welers on tifher side

. N> physical barrier

2

speciation of

aqualic orqanisms

-

A"opw}ric SPeCia{ion:
Sffc"ﬂ'{:tdfk when 2 popolab‘ons of 1he

ancesiral species

Same Species become isolated from each X z l.  colonizes jsland example - Galapagos finch
other due 4o geographic Changes 2, c -
L 4 @ =G » % 2. species colonizes
ﬁ @ | v — neighbouring
YT “““ N islands
Factors fhat cauvse :“ Y “‘ 4 L {ﬁ \\
Reprodudive Isolation I “ ] ““‘ on‘ainal
Symfmln'c sPecn‘o.{ion ) [ ) popvlation 3. Pofola#ons
S'Pecial:im whea Z po lations of fhe same ) ““ A1 / evolve indo dillecent %
Species become reproductively isolaled despite ) Y ) \ h “ species ove fo @
ll'Viﬂj in the same seoampl\{c, area. LA, ) ] A ) iy 0iPlerent condilions
b b S
ATt
example - cichlids in Lake Vicloria example - spoltted skunk men'p’e - meadowlarK

In claw)y Jakes /J %
%’ red light absorbed estern s;w{,fed gkunk
/ 5.

Bloe Fght refleckd oaly bieeds €aslern and Western meadowlark

> 500 SP«J:S., red lighl reflected in 'q ’e Summer

bloe ight abebed

look nearly idenfical, Jive in same habitat

and ymaje in gimilar Seusons

%7 range overlaps !»_q_)_i bt
¥ feproductively isolated by {ime Their c.wlg)n'f behaviow %‘\.
G50 ) < shellos deplh faveus ( €astec spolted (song) is dibleceat females only male h 2
ﬁ \ blve colour + blue sengifivily %f skeek o"') breeds wilh. mals of specific song \ .
. in lade Winfer

& Odeeper depth faveurs

red colour + red sengifivil : . .
e 1ty e tonid 018 werd Gibbons Ormju{nns Humans p h]/o (MJ’ (o ‘,NC S a b‘aﬂ(}l;'zg 0 ;03 fom
monkeys  MonKeyg Q % Gorillas  Chimpanzees '”\a.é ShowSs ¢evo lotio nnl’) rela (,ions hi PS

{emoles fuffr males of k

do fhe colow fhey are sensition do R {hese are l\”:o)lleses based on evidence
over Jencralius » popolations
Oiverged and specialed as blue males R— node re'msen'ls most receat Common ancestor

fhet wenl deeper weee unsurcessfo) and befvseen limaaes
vice verSa for red males

—> Jhe more recent the common ancesfor, fhe
closer in relatedness
ex: Homans more relaled {o chimps han gerillas




Evidence for Evolution

(c
Nothing in biology makes sense except in the light of evolution. ”
Theodosius Bobzhansky

K Adap{,ive radiation  via ()imdu\'l: evolution

organisms diversify accomulation of 9:0erences bedween dlosely related
'ﬁridj ‘P'W\ an vriamal fopulal.ions withia a spm‘cs —> leads o s,ucialion.

ancesfor inlo & mulilude

of new forms /%
QY

Conver\«ju\{ evolution process where organisms not closely relajed
independently evolve similar feafures dve {o
needing to adapl to similar tvimnments

bat

horse
Homalogous strvedvres
when Jilfacent species share
Similar ana‘lamy dve {o a ¢chared
cormon ancesfor
k’ di#ermf. ‘Gmt,ll'm: uallkely ana{amy
cvolvrd Similavly indepeadently
ex: pesadacly| limb

fuvdle %

N legs and pelvis = - y
\ 2 98 oad pe {"-‘7—'\1:‘;;‘:’1} -} Ay\qladous slroclures
) \ W l’; Bl cdeplations fhat passess similar foncbion but diffuent origin (and anslomy)
oS R X 3

—> oeewrs when 1hey are exposed fo common selection pressure
— Fossil record
: The preserved remains
(s = o¢ traces of an organism
N feom the past ang fheir

dolpkit\ Seajurile fish
Bloaeosmpky 1he SJvo‘_y of where organisms live and ~ relalive placema{ in rock
how f"l(y came 4o live there. ?ﬂ\
—)seaampl\n'caull)c close envionments are more likely fo be populated —>lagers provide a Limeline
by related species Thanthose separeted but crviroamentally Similar

- g"Jﬂ‘S#S Species Share common lu'n(qje - distribution nonraadom @ % _)0‘3( of "‘)"(S and
’ {ossils can be delermined

— {ossils show chrom)oan’cal
@ 9 @ | @»}2 S Sequence in which characleristics
A B ¢ € D ) Ki

appear and develop /change

¢ail bone VCSLlJlﬂl S‘}I UC"U(CS v
funckionless and ceduced rempants
of ofgans oace preunt and functional

%" in their ancesdors

\U}I
\\\\\\ Wé
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SOOS!BUM\)S

deeper = older

A B ¢ D
speei Aoy A evolves into B B aulves into C C evolves into D c "’"‘Jrn}es evolves into € @: @
- . Transibione| foss: |
Selective breedin LK aka ‘arlificiol sclecfion’ is where humans foscil which shows linke
Sied animals dxd p"m’s e Sf!q(-’.c traits behween grovps "y &a I»'J"’B deasds

common {o both
ex: Tiktaalik is a fossi) which

r Porula{ions show v?n‘ﬁi.an. ﬁ/ |

individuals with desired @ has feadures of both fish and
individvals withou b | frait chosen Jo breed fogether fsh lod debraped —teries drial dedrapods
desired frait not repeaﬁ \l/ B8MIA — 3TSMIA —— 3 305 MYA

allowed {o breed | hext generation shows increased w
mjvﬁ

feeputacy of dhe desired frait Molecvlar evidence . P
uman aca ve ro Lampre
As muiations Bo}ld’op in DNA over . 0 9 P /- p’ :P ¢
Direct obsecvation: i organisms that reproduce quickly and time, Compare differeat species in Y4
) lagc numbers, cvolvtion can be observed directly ferms of similarities in: .
—> if sclection pressore is kaown, his change can be ,md.de& —> non -oding sequences o » ;
£ :
/] —_ gene sequences ¥ :
[ Soapberry bugs DOT resistance O MRSA bacleria -> f°l)' f‘f‘"de 3e7ven ceS er
mouthparts in mosquitoes o antibiotic resistance :
2125

nomber of omiro acid diffecences bebween dhis 0ad humen Pclypcpl.‘de.



Assessment Tasks

@ There was a /aUe, gop in Jime belwten when Darwin made his inilial observalions fo when he Pubh'sl\cc)
his (’indirgs. Research and providt somg feasons why this was

@ Darwin is the most well- known scienlist Concerning cvolofion but fhere were many otker impodaat fiJures.
For 1he /’a//aw}cy Scientists, sommarize their conteibodion Jo waluhanag 1heory

* James Hullon and Chorles L)'el(

* Jean Bap{is{e Lamarck
o Alfiecd Russel Wallate

@ USn'r‘lj one exumple (OIhef than insect melam‘srrb , explain  how nalural sclection leads 4o evelufion of a Fafo/a/ian

Choose {}om.' Beack size of finches on Daplme Mo\jor' DD7T resistance in mos7w'/oes ,
movthpart size in Soapberry bugs , anlibiodic resistance in MRSA badleria

The feum “species” is defined Jiblereally in variovs Oisciplises. Why?
Wadch The following video fo learn . ~Which definibion do yoo prefer and why 7

\9 https://learn.genetics.utah.edu/content/evolution/species

@ Wedch fhe fallowiﬁ video explaning Speciation. Summarize fhe process of how bis of paradise ¢volved) inlo separate specieS

\9 https://youtu.be/8yvEDqrc3XE _

@ Expluin in delail the process of allofa}n’c and Sympatric Jpec.'a{ian usiag one example. of each.

@ Visit the {’allawinj ifuaclive websile and summarize how biggeggraphy Jead fo diversity in bicds of paradise

\> http://www.birdsofparadiseproject.org/content.php?page=113

Reseacch one exam ple of seleclive breed.’nd.
a) explaia the process
b) why is fhis skonq evidence of ewalofion ?

@ Reler o he {)ouowirlﬂ pl\ylogmdlc‘l'ree

Millions of Yeart Ao a) how Io?j 230 did Hhe common ancesfor of all The
4 35 30 25 20 15 10 5 0 orjqnism.s on This Jree exisd ?
T .
Racefll b) list all modern Odescendents of the organism that was
W A alive ai the pam{, indicadeo .b)l ¥
¢) What animal shares fhe most receal common anteslor
S wHh fhe Brown Bear 7
Raccoons, Pandas, Giant Panda
and Bears. Spectacled Bear d) Which are more closely related:
| Sloth Bear dhe Giant Pasda and BRed Panda or
Sun Bear fhe Giant Pandn and Polac Bear
——— Black Bear Jusdi 6’ youf answel.

—[ Polar Bear
Brown Bear


https://learn.genetics.utah.edu/content/evolution/species
https://www.youtube.com/watch?v=8yvEDqrc3XE
http://www.birdsofparadiseproject.org/content.php?page=113

€ xension:

Cytochrome c is a protein located in the mitochondria of cells involved with cellular respiration. Below is a
table showing the amino acid sequences for cytochrome c in several organisms.

Organism Biochemical Data

Amoeba Amino Acid Sequence: ISO-SER-ASP-GLN-PHE-ILE-LEU-GLN-SER-ARG-LEU-LEU-HIS
DNA Sequence: ATTAGCGACCAGTTTATCCTACAATCCCGTCTACTTCAT

Kangaroo Amino Acid Sequence: LEU-ISO-PRO-PRO-PHE-ILE-LEU-LEU-SER-HIS-LEU-LEU-SER
DNA Sequence: CTAATCCCCCCGTTTATCCTACTTTCCCATCTACTAAGT

Earthworm Amino Acid Sequence: LEU-ISO-ASP-PRO-PHE-ILE-LEU-HIS-SER-ARG-LEU-LEU-ARG
DNA Sequence: CTTATCGACCCGTTTATCCTACATTCCCGTCTACCTTCGT

Cat Amino Acid Sequence: LEU-ISO-PRO-PRO-PHE-ILE-LEU-LEU-SER-HIS-LEU-LEU-SER
DNA Sequence: TTAATCCCCCCGTTTATCCTACTTTCCCATCTACTAAGT

Shark Amino Acid Sequence: LEU-ISO-PRO-PRO-PHE-ILE-LEU-LEU-SER-ARG-LEU-LEU-ARG
DNA Sequence: CTTATCCCCCCGTTTATCCTACTTTCCCGTCTACTTCGT

Dolphin Amino Acid Sequence: LEU-ISO-PRO-PRO-PHE-ILE-LEU-LEU-SER-HIS-VAL-VAL-SER
DNA Sequence: CTAATCCCCCCGTTTATCCTACTTTCCCATGTAGTAAGT

Lizard Amino Acid Sequence: LEU-ISO-PRO-PRO-PHE-ILE-LEU-LEU-SER-ARG-LEU-LEU-ARG
DNA Sequence: CTAATCCCCCCGTTTATCCTACTTTCCCGTCTACTTCGT

Sponge Amino Acid Sequence: ISO-ISO-ASP-GLN-PHE-ILE-LEU-HIS-SER-ARG-LEU-LEU-ARG
DNA Sequence: ATTATCGACCAGTTTATCCTACATTCCCGTCTACTTCGT

'{he pore aming acidS an ocqaniem has ja common | hoih f'/pe and order , indicales a cloger relationship
{he same is frve foc pucleotides . Compare {he dada above.

0\) Which OIJom'Sm s most dase|] related Jo Jhe lizard ? JoSJiP] your answer
by Which ofganism is most doselj related fo Jhe dolphin 7 Josl;(’] yout ansewer





