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Evolution

Natural Selection

PreDarwin Thinkers/ldeas

0 Thomas MalthuEl7761834)
3 Malthusian Theory populations grew fastiean resources they depended on; humans would exhaust al
resources available to them, then starve to death (keeping population in check)
Darwin realized this applied to organi¥ndn d B¢ T d g o 2 &@erproddc#onof d B ¢
offspring led to siggle for existence
Wrote essay titléth Population

0 Charles Lye{ll7971875)
3 Uniformitarianisn¥ Idea that processes on earth today sagnd@nes that shaped earth throughout
time
Our earth is very ¢land geological processes are constaritly shagarth
0 Darwin thought what if this happened to organisms too?
3 Enough time for evolution to produce great diversity of life
0 JearBaptiste Lamafi7441829)
3 Concept of Use/Disuseorganisms changed over time by using certain parts of their body (which will
strengthen and pass on) while disused parts would atrophy and pass on in a weaker form
3 Inheritance of Acquired Characteristiichea that organism can pass on charastdratit has acquired
through use/disuse in its lifetime to its offspring
Wrong, but was one of the first scientists to peyjmmses change over time
0 ldea ofArtificial Selection
3 Darwin was aware that humans donaleld plants/animals to have useiits
/I m d¥ v éecatH XZaéez BoHNtad¢d éBgjdo oFeoBDd
Some offsprings have variations that occur by chance, which can be inherited
Darwin Era

0 Charles Darwi(i8091882)
2 {Zaedld tNegoNjade Bt 6ZF LvMbv{vM /PTNH;?Ad 62an
3 Specifically influenced by tripgalapagos Islands
Saw 13 species on birds; hypothesized about selection pressures causing different sized bee
3 Darwin developestientific theory of bioliegl evolution
Explains how modern organisms evolved over long period of time through descent from comi
ancestors
Surivival of the fittest (fit: how well species is able to reproduce in its env.)
0 He noticed that:
3 different, yet ecologically similamarfs and species inhabited separated, but ecologically similar
habitats around the globe
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3 different yet related animal species often occupied different habitats within an area
3 some fossils of extinct animals were similar to living species

O UN6NoXatAd £ ZT & specie8df orgar@sBig agise arl Hevelop throagirtheelection

of small, inherited variatighat increase the individual's ability to compete, survive, and r&produce.
0 Alfred Russel Walla@8231913)
3 Wallacelso developed the same basic theory of evolution
2 {fTe 6NoXat N eNeto #a u?P Nod N3ePoV dzZNoatH N
OBtzaogitrdo 6NoXatAd ao? Nd
3 Darwin compelled to shaveroteOn the Origin Of Species

How Natural Selection Works

0 Natural skection is a cycle; occurs in situation where 1) more individuals are born than ean survive,
overpopulation 2) there is natural heritable variation, and 3) there is variable fithess among individuals

0 Natural Selection is a major mechanism for evoloti
3 1) Variation
Each organism is different from one another
O 1 possible causgenetic mutatiodrst Nt Bo HNtadg¢Ad 6c!
Raw material for evolution
0 Adiverse gene paimportant for the survival of a specieghanaing environment
3 2)Overproduction
Every generation producese offspring than can be suppogednly very few survive
3 3)Competition
Organisms compete for resources
3 4)Differential Success
Some organisms are better @ surviving and reproducing than others (variable fitness); some
organisms havedaptations that are better suited for the environment
3 5)Reproduction
The fittest among the population, or the ones that are most suited for the enwirorineeand
reproduce, passing on the well adapted traits
3 6)Repetition
The cyclés repeated
0 Natural selection leads to adaptation
3 The environment (or niche) determines which organisms(sowigament is selective mechanism)
over time, the population evolves (getting more and more adapted to its environment)
3 Fitness the abiity to contribute genes to the next generation
0 Misconception: Natural selection is-gpahted
3 TeleologyThe notion of A PURPOSE in evolution
There is NO PURPOSE in natural selection, merely to drive adaptation
NO final goal to evolution
0 Misconcepbn: Natural selection is random
3 Natural selection is NOT random; it igltingng adaptation of organisms based on phenotypes
Selection is like a fitness search engine, environment filters the search
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Darwinian Conclusions

0 Principle of Common Descent
3 All speciediving or extincthavedescended from 1 common ancestor
0 Deep History of Earth

3 The earth is older than you can conceive; around 4 billion years old
Examples of Evolution

Antibiotic Resistance

(@]

Antibiotics= group of chemicals that damage/destroy bacterial cells

Before selection = some bacteria have resistance ectiseefin their DNAnatural heritable variation)

During exposure = the bacteria that are resistant to antibiotics are moe tadagrigdtanment, so will survive,
while those that are less resistant will die off (differential success)

After exposure = those resistant to the bacteria survived and reproduce (feature of natural selection), leadin

final resistant population
Celular details of Antibiotic resistance:

2 3 blocked 4
antlblotlc
sensitive W
active site

aclive site
semne

rFir

cell wall cross-links working

b 3 Antibiotic resistance
antibiotic bacteria havaldferent enzyme
resistant structure, so unaffected by the antibiotic
phenotype

O« O«

[@]3

Resistance is
direct product of enzyme structure

6 NoXatAd Datézv d
- 10 different species; claskdieshape of beaks, what they eat

- Medium Ground Finckongoing research done by rosemary peter grant
- Every year for 30 years, trapped them and recorded characteristics, then let them go again
- Observed many things
- 1 example: Drought in 19&Tatisticdy significant difference between those who survived the drought
AHo? Net o EP Nn dfreeZA Ntd eZBdFP XZB dadtde Ad;
- **Natural selection acting upon the phenotypes

The Modern Synthesis

- bYoHYo2 B3 6NoXatAd ezZrBoatrd B3 7t 2BjgeaBt Xasz ¢°7
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- Definition of evolution changed (change in alleles)
- Forces of evolution OTHER THAN natural selection recognized

How Genetic Info is transmitted
0 DNA gene is transcribed to RNA and trandiatecbteins

3 Proteins created drive production of traits

** environment also plays a role in phenotype

Alleles: Different Versions of a Gene

0 Allele= different versions of a gene that codes for certain proteins
3 There aré alleles for eyagen€l from the father, 1 from the mother)
0 Dominant Allele= the allele that expresses the phenotype when homozygous and heterozygous
0 Recessive AlleleBoth of these are needed to express the phenotype
0 Genotype determines Phenotype
Gene Pool
0 Gene pol= All of the alleles among ALL of the members of the population in a particular environment
O Evolutiona d @ ZT? & Z Nt HdlleledréqueNciesvBreigeg Ng a Bt A d
0 **Misconception: Individuals evolve**

0 Evolution is aroperty of population of organgsgene pool frequencies have to change

Evolutionary Forces

0 4 main =Natural Selection, Sexual Selection, Gene flow, Genetic Drift

Natural Selection

0 Nonrandom and adaptive
3 Makes a population increasingly adapted to its environment

Sexual Selection

0 Nonrandom and reproductively adaptive
3 Any trait thaknables a population to reproduitidoe favored
0 Can sometimes byaladaptive for survival

~

3 Ex: male peacocks with more ornate feather arrangements are slower, harder to move, but since fen

preferto mate with those with ornate tails, sexual selection drives evolution of ornate tails

Genetic Drift

0 Random Not adaptive
0 Genetic Drift Randomchanges in allele frequencies of a gemei@doichance events
3 Bottleneck Effest Change in allele frmapcy aftesharp reduction in size of population
Can be due to environmental events/human activities

Created by Christina Yoh, 2Q089. Pagé& of 58
Made available under the termnass@feative Commo@ BY-NC-SA 4.0icense



https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/

Leads to drastically different gene pool

3 Founder Effect Loss of genetic variation that ocebes) new population is established by small # of

individuals from a larger population

Migration of small subgroup; different allele frequencies from population
Ex:Amish population ~ The Amish population was established from about 200 German immigrants.
Individuals of this founding populaticarried gene mutations that cause inherited disaoteas EHis
van Creveld syndrome. This form of dwarfism is found in a large concentration in the Amish population
today because the immigrants that established the population had a high carfdetidisorder in a

very small population.
3 **Smaller population drift more, as each member is larger % of alleles in gene pool **

GENET\C DR\ET

Next oenevation
Due 4o twownce

¥ A evends, owly : e
* A *hb%e_ 3 \oeak\es { Yo aa
\eave. o%vr\\r\g - oa
3 - RN
Preqo- of A= 0.0
Freq, of¥ o= 1.0

Gene Flow

0 Gene flove movement of alleles frone population to another
3 Individuals from different population comeantactequalizes allele differences
3 Tends taeduce genetic differenoetsveen populations bc alleles are being transferred
Ex: mix race human population
3 If extensive enougtan result in 2 populations combining intiti a single gene pool

‘ opulation B
Selection pressure aganst dominant

phanctype has cresed & homazygous
poputation (hh)

Populahon A
Selection Dms;u aqarm recessive
phenotype has created & homozygous

-’I(-JJ'KVV (h)

Evidence for Evolution
- :NoeZAd ZadeBouN 3Bddaj) dy ¢BoezZB) BHuvéBgeNoN

Created by Christina Yoh, 2Q089. Pag8of58

Made available under the termnass@feative Commo@ BY-NC-SA 4.0icense



https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/

NogeZAd LadeBou

0 Radiometric Dating process using radioactive isotopEsgimate the age of natural and manmade materials
3 Use % life; different isotopes for different time periods

o Continental Drift £Z7? Boun 6ZNe Tt tej Nat?td ZBX éBtgatited dz
3 Long term motion can help us understand what world looked like before (distribution of organisms nc

0 Biogeography Study of how and why animals and plants live where they do

3 Organisms we find in one area of the planet

3 The global distribution of organisms and the unique features of islameflgot @eslution and

geological change
1Y 6Nokat/id Dateéz
0 Adaptive Radiation each adapted to a different type of food

3 #1: Closely related species differentiate in slightly different climates

3 #2: Very distantly related species develop similarities in similar environments
06 *All support the notion of old earth ~ enough ti

Fossils

0 Fossil recombcument evolutionary history of organisms throughout time
3 Document stages in evolution of groups of modern species
Can segansitional fossils/intermediate forms
0 Evidence farontinual branching throughout life
0 Can show us how much/how little organisms change throughout time
0 Can be dated by a variety of methods to provide evidence for evolution
3 Radioactive dating, matheitatcalculations, age of rocks

Anatomy and Morphology

0 Comparative Anatomy Study of similarities and differences in anatomy of different species
3 Homologous Structures structures shared by related species & inherited from common ancestor;
however, theyave divergent functions
Yy adapted to different purposes as reslgsoént with modificationfrom common ancestor &
different selection pressures
Ex: Bird Wing, Bat Wing, Human Arm, Whale Flipper are all homologous
0 While insect wing is analogous (@eyletically independent)
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3 Analogous StructuresStructures that have slaene function, but evolved independédiffgrent
structure)
Ex: Insect wing and bird wing
3 Vestigial StructuresStructures that are inherited from ancestorsstbutuch/albf original function
because of selection pressures
Appendix in humans, pelvic bones of whales similar to humans etc.
Yy Showgommon ancestry

Comparative Biochemistry

0 ComparindNA, RNA, and Protein sequenoéslifferent organisms can tell you how genetic sequences of spec
change as they evolve (evidence of evolution & ancestry)
3 The longer 2 organisms evolve away from each otheretblieanges DNA, RNA, and protein
sequences will accumulate
Normally more reliable than morphology because it directly shows genetic makeup. In addition, analogous
structures may indicate similarities even when there are differences in the DNA sequences (same function, |
evolved independently)

[@]3

Evidence for Comon Ancestry

0 Two Piles for evidence for common ancestry
3 Evidence of Evolution (previous)
3 Universal Characteristics of Life

Universal Characteristics of Life

0 Life is made out of cells , All cells process info in the same way, All Cells have Comistoy Bioche
0 1) Life isnade out of cells
3 All life is eithgorokaryotié eukaryotic cells
Evidence for common ancestof all living things
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Structural evidence supports relatedness of all eukaryotes

0 2) All cellprocess info in the same way
3 Central Dogma genetic infetored as DNA, copied into RNA through transcription, then turned into
proteins through translati(then process is repeated)
MRNA broken up into codons (3 consecutive RNA bases) codon codes for a specific amino
acid to be brought tdbosome
0 3) All Cells haveommon Biochemistry

3 Common metabolic pathways, similar proteins
3 Ex:Glycolysis an energy releasing pathway
All celluse glycolysis to generate ATP from food
3 SterecisomersEaB) BHaéeN) ¢Bjtrég)ytd éNt ?Ptade at u 3B
All cells use-amino acidandD-sugarésame bias/preference)
0 Common ancestry is @ every branch of the tree of life
3 Ex: Plants & animal eukaryotic cells share common ancestor

Evidence: Shared organelles: nucleus, ribosomes, ER, golgi apparatus etc.

Phylogeny

[@]3

Phylogeny history of the evolution of a species or a group
Goal = to group species into larger catdggmdebonvolutionary descent
Phylogenetic Tre@=iagram depicting evolutionary relationships between different specigsigioogis;

O« O«

representations of evolutionary history that can be tested
3 Time is either represented/implied on the tree
Common acestor shown in most trees
3 Extant speciespecies currently living (on one side of the tree)
Evidence used to build trees:
3 Shared derived characteristics
3 Molecular data (most accurate; no analogous structures; concrete evidence)
3 Morphological data
3 AVOID analogous structures
Utilizess { ZNoTFT d 67 oaaf ot NnZiNtoNéshi araeld aiedispecies deriv
ancestor

O«

(@]

(@]

Maximum Parsimonynless there is evidence suggesting otlesswises a trait/mutation only occurs once, and
is passed downalb descendants
3 Ex: Birds and mammals both have 4 chambered hearts, but arose as analogous structures
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Second outgroup  Sister group Ingroup

IF GI ID E| lA B CI

-— Node = speciation event

-f— Intemode = ancestral species

E

ANCESTORS 3 PRESENT- DAY
SPEC\ES

«#— Root = common ancestor
0 Modern phylogenies dependvimiecular Data
3 genes/nucleic acids/amino acids
Morphological data (fossils etc.) is still usefuidioorting moledar data and dating divergences
3 Evolutionarily related organisms share common ancestor with ancestral DNA sequence
As organisms develop and divergeDtkigiraccumulates differences (mutations)
0 Single Nucleotide Polymorphism (SNBhe type of mutation that can be used to track
common ancestry
0 Indels= Insertion/deletions; one/more nucleotide pairs in DNA strand is lost or gained
More distantly related species have more time for mutations to accumulate in their DNA
0 * NOTE: Mustompare homologous DNA segments (aligned segments of DNA)
Alignment of DNA = so that most of the bases match
Each branch pointpresents common ancestor of species above the point
3 Node= the last point which 2 lineages share common ancestor/spagigiticomemon ancestor on all
the species on the branches
3 Root= bottom of cladogram; common ancestor of all organisms (in cladogram)
How recently organisms share common ancestor = how closely related

Scientists u$essil record, comparative anatonmpiwfologous suctures, and molecular evidence (based on

(@]

O«

sequence similaritg)construct phylogenetic trees
3 More features shared, more
i @ Bietanoaindiasin: likely species are related evolutionarily

“Branch”
0 For vertical distance trees (see above),

add the numbers; the greatentinebers,

COmMMON ananns
Ancestor

the farther away the species are (greater
horizontal distance)

0 The vertical distance simply to
separate the species, no significance

WL oY X

Different representations, same meaning

¥y X EZ Y W
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NOTE: Trees are merely hypotheses; they can be revised!

Measuring Evolution

Hardy-Weinberg Principle (Maintaining Genetic Equilibrium)

0 Genetic Equilibriurs when populations are not evolvtigle frequencies do not change

O EYEY {Zg33) atHN xteoBdgéseaBtN btraBdad 3t oesaj ac
3 Sexually reproducing organisms can stay in equilibrium

0 HardyWeinberg Equilibriums Describes allele frequenciesiypathetical, nonevolving population

3 Ha:];geirt:(;_rg quuati; 1
m(p + =1
mp® + 2pq + g = |

=frequency of allele A
q =frequency of allelea
p? = frequency of AA genotype
2pq =frequency of Aa genotype
3 q? = frequency of aa genotype

0 ** NO real population is in haktfginberg Equilibrium
3 To be true, HW equilibrium population must have :
No natural selectioncempletely stable environment
No sexual selectiorcempletely random mating
No genetic drift farge populaton
No gene flow no immigration/emigration
No mutations (spontaneous changes in alleles)

How is HW Equilibrium Useful?

0 Comparing real population to HW population can inform scientific investigation
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3 Test how much it deviates from HW baseline
0 Real popudtion can approximate HW population
3 Some are close enough that we can use HW to model allele frequencies in a population

The Effects of Selection in Population

0 Natural selection gmolygenic traitdraits determined by multiple genes) can produce 3 types of selection

Stabilizing Selection

0 Thestabilizing of extremes towards the middle
0 When the individuals @ middle of curve have higher fitness than those @ the ends

3 Ex: mass of infants at birth; too large or too small is dangerous
3 Ex: lizard tail length

Directional Selection

0 Natural selection that favors one extreme of the distribution over the other

3 When the range of phenotype shiftsen individuals @ one eadenhigher allele frequency than other
end

3 EX: giraffe necks

Disruptive Selection

0 Natural selection favors both extretinesihenotypes @ the extremes are more fit than the middle
3 Ex: shell color

Types of Selection

$ Speciation
%% Original population 0 Biologi
=
52 cal SpeciesA
g5
[righ= group of
individuals that
A8 .gh : :
s B B can successfully
Original  Evolved Phenotypes (fur color) reproduce with
ulation lation N
s vl a7 L ‘ N each other
LD *NOT 100%
. 3 true, but a
testable
o o definition
Create N Sre B ! . ol Pagéd4of58
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How Seperation Happens

0 Allopatric Speciation
3 Also known ageographic speciati@tcurs when 1 populatiorgéparated & no longer can mate w/ each
other leading lineages to speciate
3 Ex: when 2 populations are separatgebloyaphical barriers
Rivers, Mountain Ranges, Seas
Ex: Abert's squirrels lives in S.West; around 10,000 yrs ago, small population became isolate
north grand canyon

= % = W e
> | R W |—>| [ RS
W W |7 W O
W W st;:;ned m = 9

w s — ¢ after several generations > L >4
|n1lzmm§ VW '*/; ‘w w.w
of fruit flies L v w w Al > *‘7 : o v."‘/f

W W * Fw mating preference

maltose medium

0 Separate gene pools fornsetbspecies Kaibab squirrel

0 Sympatric Speciation
3 When speciation happens even when population is in contact w/ each other

Created by Christina Yoh, 2Q089. Pagé50f58
Made available under the ternass@feative Commo@€ BY-NC-SA 4.0icense



https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/

A particular group hgsnetic polymorphisamd is reproductively isolated, even though not
physically separated

[ e

TIME

ORIGINAL POLYMORPHISM REPRODUCTIVE SPECIATION
POPULATION OCCURS ISOLATION
WITHIN THE

POPULATION 1= PEDIAA

Species Barriers

Prezygotic Barriers (before sperm & egg come together)

0 Habitat Isolation
3 Occurs when 2 populationssaearated by geographical barriers
Rivers, Mountain Rangesa$S
Ex:Abert's squirrelslives in S.West; around 10,000 yrs ago, small population became isolated
north grand canyon
0 Separate gene pools fornsetbspecies Kaibab squirrels
0 Temporal Isolation

3 Occurs whef or more species reproduce @ differentdorage reproductively isolated
1Y I ¢g¥voaéNt eBNO 2dv DBX)toAdd 8BND
0 Behavioral Isolation
3 Species capable of interbreedihgy differentwagsB @ Zt » 0Bt 468 oFTeoBOQgér
Ex: blue footed booby and red footed booby have different matsg dance
Mechanical Isolation
3 xtTeoBdgécsecaair NeeNoNegd B2 Ntap3ieBigfc adeiedBaicd &l
Ex:Elephant and a fly; flowers with different pollinators (orchids)
0 Gametic Isolation
3 Animals come in contact/physically clos¢ibug T 6 7 d AoFP eoBdgéesnod? &t d
fertilization takes place
Ex: corals release sperm & egg into open water; sperm recognize egg of their own species tr
chemical markers on the surface

[@]3

Postzygotic barriers

0 Hybridization Problems
3 Reduced Hybrid Viability
The genes of different parent species may interact in wapsithiée hybrid's development or
survival in its environmég@rolar Bear)
3 Reduced Hybrid Fertility
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When hybrids are sterile (Liger)
3 Hybrid Breakdown
When the firgtybrid is fine but when it attempts to mate, it can not produce viable, fertile
offspring
3 Loss of Hybrid Traits
Subsequent rounds of reproduction reduces the hybrid trait
0 Ex: Cockapoo

Speciation Examples

0 Example Rhagoletis pomonella
3 The apple maggot; originally used to live in hawthorn plants, but when apples were imported, a popu
broke off and lived in apple plants

Some of the insects started to be specialized on apples, showing slight morphological differel
even though tyevere accesilbdgrpatric speciatioh
Since the plants donyt fl ower at the same
changes); when put together, they have re
IN PROCESS of speciation

0 Example Drosophila (fruit fly speciation)
3 Aninitial ample of flies were seperated and fed on different mediums (starch and maltose) for 2
generations, then brought back together
The flies preferred to mate with those who fed on the same medium
0 Example Polyploidy
3 Polyploidy plants€ll organisms thaintain more than 2 pairs of homologous chromaesocares
reproduce with each other but not with original plants/other plants; as a result they become biologica
isolated from original group of plants and considered a different species.
Rapid speciation
0 REPRODUCTIVE ISOLATION CAUSES SPECIATION

Models of Speciation

0 2 models: Phyletic gradualism & Punctuated equilibrium

0 Phyletic gradualisemany small changes over;tsiosv, uniform, gradual

0 Punctuated equilibriumlong period of no chandellowedy short bursts of intense change
Origin of Life

0 There are 2 major models offfiégspermig@riginated from elsewhereAldogenesigirom nonliving
components on earth)
O £ZY ¢ ZueBeZteaéN) detfed 3Bo jagtid BoaHat Not A
3 1) Origin of Biological Metules
Evidencevliller-Urey Experiment
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0 Energy source (lightning); predicted gaseganic in primitive atmospherd©
oxygei
3 After interaction, gases were passed through water
(simulate oceans) ~ repeat ; for meo
(glycine, alanine)
O ONt dagg) Net oFf NéesaBtd B3 X Zikearightt Noj u
conditions can spontaneously form compoucéssay for living systems
3 2)Origin of Cells
Evidence: Stromatolites in Fossil Record
Stability of Biological Organization
0 Naturally form into compartments
0 ** Natural tendency of molecules to form into compartments suggest the feasibility of
formaiton
3 3) Origin of Info Storage
Info storage molecules must have developed in order for life to exist
Evidence: Catylic & info storage capacity of RNA
3 4) Origin of reproduction
For life to exist, cells must reproduce
Evidence: ??
0 No oxygemn primitive earth

uNegefotd at ]J]agiAd LadeBounu
0 1 evidence of the past istldution of photosynthesis
3 Fossil Recordtromatolite fossiisiade by cyanobactep@iotosynthetic bacteria) date back ~ 3.2 b.y.a.
3 Heterotroph Hypothesiife initiallyevolved a@geterotrophic organisifobtain energy by feeding on
others) , and photosynthesis evolved later
datét? BoHNtad¢d 8ZNe atecoBdgétod ase 6B Na¢g
3 Geological RecarBlanded Iron formatidifron reacting wit2 precipitating, forming banded layers on
the ocean floor)
3 Evidence of photosynthetic organism: have chloroplast/photosynthetic membrane; maybe have high
presence of oxygen/oxides surrounding rock
O Al ééY P oNeP d xPaegotdi at ]J]agvPt iAd LadeBoux
3 Life hits crital points whemmplexity & diversity increase exponentially
Most evolution in |l ast Y% of earth¥ys histo

needed to be first figured out
3 Ex: Development of Eukaryetéadosymbiosis

All organisms were prokaryotes

0 when ancient anaerobic prokaryote engulfed aerobic prokaryote

~ evolved i n nMitacleondna day
When modern aerobic eukaryotes engulfed photosynthetic
prokaryote ~ evchloraplest i nt o
3 Evidence fdEndosymbiosis

[@]3
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Similaritiebetween prokaryotesitochondria, and chloroplast
0 Internal membrane structure, ribosomes like modern day prokaryotes, sequences of
atet otN] ézZoB¢BdB¢trd ¢Bot daga) No 8B e
Chloroplast Genomeost similar t8yanobacterigphotosynthetic
Mitochondrial Genomeimilar té’roteobacteri@an carry out cellular respiration)
0 Similar DNA structureone circular chromosome
3 Endosymbiosis ALSO shows: time leading up to eukaryotic life was LONG
many exchanges of info & structures between unicellular lineages BEFORE modern 3 domai
life
O uNestotd at ]JagrAd LadeBoux
3 Extinctions — caused by catastrophic events
3 Adaptive Radiation — Rapid divergence and spc¢
niches

¢

Anthropocene decline in large mammals after human arrival and huge increase in human population

Matter

Matter 1. Matter Cycles

0 Where Atoms Come From
3 Atoms made from nuclear fusion reactions in stars
3 Most common elementE£ENOPS
0 Matter Cycl es @ovesHEranr nortiving (abiotic reservoir) to biosphere
(food chain) of earth

3 C&OCycle
- THE OXYGEN CYCLE BrUs
Abiotic = Atmosphere — s
Biosphere = Food chain (incorporated into
Oxygen Amesphen

macromolecules)
Process = Metabolism > »";;;,::'"“, e (photosynthesis,
cellular respiration)

Arimade anvd plants

e

s "'"f'.'.’,h_ —

Carban Dicide st

3 Nitrogen Cycle
Abiotic = Atmosphere
Biosphere = Food chain (incorporated into protein, DNA, RNA)
Process HNitrogen fixation (taking N2 out of atmosphere into biologically

useful forms in food chain -incorporate into proteins,
done by nitrogen fixing bacteri a or lightning - atmospheric nitrogen
fixation), denitrification(return nitrogen back to atmosphere by bacteria)
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Animal
protein

Decay
-

Industrial R Biotic
fixation 2 In nitrogen . Protein
"'_ atmosphere W{plants and

microbes)
/Nitrites Lightning Denitrifving
Nitrifying  NOo~ hacteria
hacteria—\‘ -
Nitrates
3 Phosphorus Cycle

Abiotic = Rocks/Soil
Biosphere = Food chain (DNA, RNA)
Process = Weathering from rocks (into bio
ani mals and humans) Decomposition (bac

phosphate rocks — wuplifted
VU6hcAf até) gdot Ne¢Bdezt ot
3 Water Cycle

o R
I\ =
V)R

Conetonsaron

One impact of human activity on water cycle: Defaeseads to decreased transpiration and
possible climate effects such as an excess of greenhouse gas

Matter 2: Water

0 Properties of Water

3 Water ipolar covalent molec(artially positive on one side, partially negative on other)
3 Can Hbond (each H2 molecule can have 4 bonds)

H-bonds IMF; partially electrostatic attraction between H & N,O,F
0 Polar Nature of Water Explains:

3 1)High Specific Heat
Must disrupt Hbonds, so heeds more energy to increase temp
Acts a3 EMP BUFFER moderates temp
Moderates body temp & temp of earth
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3 2)lce Floats

Solid formess dense than liquid fgmax amount Hbonds)

Ice on surface acts as insulator, slowing down freezing of water below
3 3)Adhesive/Cohesive Properties

Adhesion (other molecul es) & Capillag Adtiamn (t o
3 4" NetoAdd dB) 27t téux

Water dissolves both polar & ionic compounds (partially & fully charged)

It is a very good solvdrike dissolves like

0 Surrounds solute with hydration rings arekbrne IMF

3 5)Dissociation of Water

OH and H+ ~ moderates pH

0 Water Participates in Biological Reactions
3 Dehydration Synthe¢iemoval of water to synthesizEly&rolysigaddition of water to seperate)
6 Water both makes conditions of life necéssay e NoecaéaeNei d at | agrAd eoB

Matter 3 & 4: Biological Molecules

0 Urea molecule = waste molecule; first molecule created w/ biological system from inorganic molecules
0 Carbohydratsls CH2 O f o hydnaphillic)
3 Monomer @monosaccharidex: glucose)
3 Polymer polysaccharidésx: cellulose, glycogen) ; combingtybycytic linkage
Glycocytic linkage a type of covalent bond that joins a carbohydrate (sugar) molecule to anott
molecule through dehydration synthesis
0 Glucose+ Glucose = maltose
Structure & function of polysaccharides dependent upon sugar monomers and position glyco
linkages
3 Carbohydrate functions
mono/disaccharide = quick energy production
Amylose (starciplants) /Glycogen (humans) = energy storage
Cellulose: structuraupport (plant cell walls)

~

0 Kinked shape |l ower freezing temp
**Starch & Cellulose both polymers of glucose; difference in
glycocytic linkages —~ humans canyt digest
3 Glucose + fructose = sucrose + water (dehydration synthesis)
0 Lipids(C,H,0,P ~hydrophobic)
3 NO lipid polymers
3 Formed mostly éfydrocarbon@vhich form nonpolar covalent bonds)
3 Glycerol + Fatty Acids = Lipids
Saturated al |l single bonds — solid at room ter
Unsaturatedat least 1 double/triple bond -kinked T liquid a
t emp (harder to freeze bc shape makes it harder to stack together)
3 Glycerol + 3 Fatty Acid§rglyceridéEnergy storage, insulation)
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3 Glycerol+2 Fatty AcidP=hosphol i pi d ~ 2 fatty acids +
Amphipathidhydrophobic tail, hydrophilic polar head)
3 Fused RingsSteroid¢signaling and temp buffering)
3 Cholesterohn important steroid, is a component in animal cell membranes
K]
0 Nucleic Acid¢C,H,N,O,P)
3 Monomer = nucleotide
3 Polymer = Nucleic Acids
Ex: DNARNA etc.
3 Structure Phosphate group + 5 carbon sugar + nitrogeno(s,BaSeC or A,U,G,C)
Base pairs joined bybbinding
3 RNA & DNA Differences
1vs. 2 strands
Ribose vs. deoxyribose
Nitrogenous bases
3 Function: Info Storage and expression (Transcription, Translation)
0 ProteingC.H.N.O,S)

R

3 Monomer sAmino acid$20 different Ryroups)
Contains amino group (contains N), carboxyl group, and functional R group
0 R group is what is different in each group (leads to the 20 different amino acids)
3 Polymer #Polypeptide Chains
Joined by peptide bonds (through dehydration synthesis)
3 Protein Structure
Primary sequence of A.A. in polypeptide chain
SecondaryH -bondingin non-R group atom@lpha helix, beta pleated sheet)
Tertiary Overall 3D structure (conformation) of polypeptitieractions of Broups of amino
acids
Quaternarymade of1 polypeptide cha{ex: hemoglobin 4 subunits)
*ALL Work together to forrhe confirmation (3D structure) of the proteins ; 3D shape
(confirmation) of protein is what enables its function
3 AccomplistALL cellular work
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Defense, transport, signaling, metabolism, structural support
3 Denaturation of Protein Structure
Disruption ofboth secondary and tertiary structure of proteins
Factors: Heat, pH, Salt concentration etc.
0 Interrupt the bonds that hold the 3D structure (confirmation) together

3 Sicklee? )] dadi Nd?P Y OZNEH? at eoBetatid eoag¢gNomu
OZNEHF at datH;? N¢gatB Neéead dgEdesasgeaBt
to function

Matter 5: Membrane Structure

0 Membranes are REQUIREMENT for life
3 Controls transport of materials in/out of cell; boundary from environment
0 Strudure of Cell Membrane
3 Phospholipid Bilayer — fluidity, selectively
environment

3 Fluid Mosaic Model
phospholipid bilayer giesdity (constantly moving in 2 dimensions, in a fluid fadWiosgic
= patchwork of proteins foundiin

0 Factors: temperature, cholesterol, saturated (solid at room temperatures) vs. unsatur
(kinked-liquid at room temperatuyre

In the plane of the membrane, all the substances are moving constantly (fluid); just surrounde
water
If saturateddtty acids (straight) are compressed by decreasing temperatures, they press in on
other to create a more dense and rigid membrane; if unsaturated fatty acids (kinked) do the s
they are able to still make space between each phospholipiddbquieraip)

3 Membrane ProteinS§ embedded i n membranes
Peripheral proteinappear oane sidef bilayer
Integral proteingo througloth sidesf bilayer

0 Ex: transport proteirtsansport ions and bigger moled¢bltesigh membrane

BOTHmayserveasghiydY deogésegoNj] NeaeNézZgirtedyV Bo

3 Other membrane elements
Glycolipids= lipids + carbohydrates; $tability & cellular recognition
Glycoproteins protein + carbohydrates
Cytoskeletor network proteins that extend through entirety of cell cytoplasm
Cholesterot temp buffermoderates fluidity and stabilizes membrane

0 Cell Walls
3 Plantlike Eukaryotes & Prokaryotes have them; animal cells do not
3 Function = maintain structure of Cell (animals have skeletal system)
3 **Metabolically inactive
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Matter 6: Membrane Function

0 Cell Membrane glectively permeable
3 Diffuse throughSmall and nonpolaubstances
32 ONt 46 dige & ghgrgetl/pokupstaces
0 Types of Diffusion
3 1)Passive Transport
Simple diffusiofthrough bilayer directly)
facilitated diffusiouse channel & carrier proteinscific to molecules/igean also have
sodium potassium transpdtirough proteins)
0 Ex:aquaporinare chanel proteins that allow water to pass through
[high] 7 [1 ow]
No input of E needed
3 3)Active Transport
Against concentration gradient[ | ow] ~— [ hi gh]

E needed ~ Ex: Pump prot eden s ( Na+ K+ pump

Extracellular space

. o o ‘ Na*

ozSodlum = Potassum
MNa® >

Cyteplasm K*
Conformational changepump proteins

3 Transportis aBMERGENT
pr op er neymovement of molecylest

Isotonic solution ' Mypaotonic solution Hypertonic solution . L.
Heo individual
H,0 H,0 H;0
o 0 Tonicity= measure of osmotic pressure
gradient (comparative to other solutions)
(1) Normal (2} Lynod (3) Shriveled - A
0 osmosks water moves from lower
Hy0 H:0 Hy0 Plasma Hy0 . . i
\‘ /' \, 3 m‘”{“’“ /' concentration to higher concentration solute
;’- : : 3 : S
Plant 3 . W 3 N o . .
con .';3 (v e 0 Plant cellsdapted to hypotonic solution
= Ja’ ey &= . . .
- (turgor pressure); animal cells isotonic
(4) Flaceid (5) Turgid (6) Shriveled - - - .
tplestnchined) 0 Hypertonic solutios higher [solute], lower
[solvent]hypotonic= lower [solute], higher [solvent]
0 **solventis always water
0 Solvent goes from hypotonic to hypertonic solution until reaches isotonic
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0 Bulk Transport
3 Transport of large amounts of substances into/out of cell
Endocytosiénto cell ) andxocytosifut into extracellular)

Matter 7: Cell Size

0 Cell Size & Limits
3 1mm = 1000um
3 Eukaryotic cells ~100pm; Prokaryotic ~ 10 pm
0 Lower Limits on Cell Size
3 Min amount of stuff needed to function in a cell
3 Smallest cell = mycoplasma
0 Upper Limits on Cell Size
3 Larger = less efficient @ transporting nmteria
3 Efficiency limits transport of materials
Volume increases exponentially faster than SA
0 As side length inc, SA:Volume Ratio decreases
3 Also means larger organisms have lower relative metabolic rate, smaller orgar
have higher relative metabolic raleage more heat, need more energy)
3 Ifcelle Nt A6 7T 33aéatrte)n E: £ x06 hD "N {&ENt N& 0] d XTO
SA eventually not great enough to bring in enough material for the volume it holds
0 Maximizing SA
3 Ex: Plant cellsreot hairs & Mycorrhizal(Fungal species on plant roots)
Root hairs on plant roots (where plants exchange materials w/ environment) inc efficiency
3 Ex:Villi and Microvilli (animal cell)
Surface of intestines covered in villi; increase absorption tibprofidigestion from food
3 LOTS of adaptations to maximizg/¢ah fit more stuff if you have more surface area)
0 Relative efficienegalculation of SA:Volume Ratio

Matter 8: Prokaryotic vs. Eukaryotic Cells

Prokaryotic Eukaryotic
- Strictlyunicellular - Unicellular and multicellular
- Lacks nucleus and membrane bound organel - Plantlike and animdike
- Have to beelatively uniforrbc all - Many membrane bound organelles, multiple |
conditions are equal (no compartmen chromosomes
- 0B¢gNatd Bt T NoeZ - Compartmentalizatiomlows fowarying
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- **NOT disorganized or inefficient conditions in different organelles
- MOST functions occur in cytosol - Can provide conditions for
processes to occur @ varying
levels without affecting

ot her ¢ eindreased”
control and efficiency

plasma membrans

plasmid pii

cell wall
\ — [
nuclkeokd (DNA) | hsasnd® | s

L J X/ s/ {smooth & rough)

nbasomes ™

= minchondnon

flagelum e

cyloplasm

ool wall
Cell Wall providestructural suppor{made out g
of peptidoglycan) 7:::""“
their shape (.,.,':;m:.:i..::,, ucno:
Flagellumhelps with movement muckous ——J1:+ -
Pilli: Helps attach to surfaces w%w'&"-:uac rasnde
Nucleoid DNA in 1 circular chromosome D
Ribosomessynthesizes all proteins; present in B( e i
prokaryotes AND eukaryotes myoptat S —
Pilli: helps attach to surfaces - oytapiasm

Matter 9: Eukaryotic Cell Systems

Cytoplasmentire region of cb#tween plasma membrane & nuclear envelope
Cytosol Thegellike substanagganelles are suspended in
Nucleud {eBot d 6ZF? @&t ) ) Ad 6c! dieatdthegsynthesiaa fbdsomesand dkoteing Z o B
- Nuclear envelopdoublemembrane structure that constitotésermost portion of nucleusontains poresath
control passage of ions, molecules, and RNA
- Nucleolusdark staining area within nucleus that specifically functicdut®e rRNA units
Ribosomes
- Cellular structuressponsible for protein synthen&de up of a large and small subunit
Mitochondria
- Site oBerobic cellular respiralon o F de Bt daE|] ¥ 3 Bo ¢ NgaingingmdlefuleN 6 ZF? &
- Like chloroplast, it hasadtsn ribosomes and prokarytikie DNA; reproduces independently of the cell; has
highly folded membranes
Peroxisomesmall, round organeltbat break down fatty acids and amino acids; also detoxifies many poisons that may
enter the cell body
Vesicles/Vacuotdgembrandound sacs that functionsiorage and transport
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*Chloroplastsplant cell organeltbat carry out photosynthesis (to make glucose)
- have own DNA and ribosomes
*Cell Wall Rigid covering that protects the cell, provide structural support, and gives shape

AnimaHike vs. Pladike Eukaryotes

Plantlike AnimaHike
- Has cell wall madecaflulose - Contains no cell wall
- Large central vacudtey role in regulating cell - Small vacuoles
concentration of water in changing environme - No chloroplast (only mitochondria)
- Contains chloroplast and mitochondria

Endomerbrane System

- Endomembrane systaneukaryotic cells work to modify, tag, package, and transport proteins and lipids

~

- Nucleus — Endoplasmic Reticulum (ER) Lysosomes

Membrane

ER: series of interconnected membranous sacs and tulndésdinatly modify proteins and synthesize lipids
- Rough ERcovered in ribosomes thake proteins embedded in membrane/secreted from the cell
- Abundant in cells thaécrete protei{ex: live
- Smooth ERcontinuous with RER but no ribosomes
- Lipid & carbohydrate synthesis; detoxification
Golgi Apparatusseries of flattened membranes whithiag, pack, and distribute lipids and proteins
- Modify proteins into functional final versions
- Transport vesicles travel to the cis face (and fuse), then travel out through the trans face
- Abundant in cells that engagseicretory activifgx: cells of salivary glands that secrete digestive enzymes)
Lysosomewesicles filled witligestive enzymedestroys pathogens that might enter the cell
- Digests macromolecules, recycle-outrorganelles, and destroy pathogens

Energy

Energy and Metabolism

- Bioenergeticghe concept efhergy flow through living systems
- MetabolismAll of the chemical reactions that take place in a cell
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Metabolism of Carbohydrates
- Photosynthes{€02 and H20 with light energy to produce sugar)
- Cellular Respiratiafipreakdown of glucose to produce CO2, H20, and energy)

Metabolic Pathways
- Metabolc Pathwaya series iofterconnected biochemical reactioatsconvert substrate molecule through a series

of metabolic intermediates to yield a final product
- Anabolic pathwa)\REQUIRE ENERGY teynthesize complex molecules from simple ones

(photosynthsis)
- Catabolic pathwalgreakdown complex molecules into simpletaprxduce ATP; RELEASE

ENERGY (cellular respiration)

Free Energy

- Free energgibbs free energy; #mergy available to do wdklta G)
- Work any movement of matter at any level in an organism

- BE  -EREY
- Exergonic reactichs £ E 4 9P ) PNd¥Yd 30FF FPLET OHHK
- Spontaneousgcurs without addition of energy (breaking bonds)
- Endergonic reactiohs & E 4 of bgaotfd 30FF TFTETOHHK
- Non-spontaneoygpraducts will have more free energy than reactants (form bonds)
EXERGONIC REACTION: 8G < O ENDERGONIC REACTION: 4G > 0
Reaction is spontaneous | Reaction (s not spontaneous
& &
.5 Energy & reaased 5 Energy 15 agoed
- £ { products
- £ ’__/ 8G>0
o o
prodacts TEaclans ¥
Time Tune

- Activation Energysmall amount of energy input necessary for all chemical reactions to occur
- Typicallyheat energyom surroundings
- When reaction is catalyzed, activation energy is (oearesiat a faster rate)
- Transition statéhighenergy, unstable state (top of curve)
- Ex: Production of ATP
- ATP is energy carrier of cell
- Bonds that connect the phosphate have high energy content, and energy
released from hydrolysi s +PBifrfreeé&nergfl ATR — ADP
7.3kcal.mole ) is used to perform cellular work
- Cells use ATP by coupling exergonic rxn of hydrolysis with endergonic reactions (ATP donate
phosphate group to another molecule via phosphorylation)
- Regeneration of ATP (ADP + Pi + fre e energy ~ ATP + H2O0)
- Reaction Couplingrocess in whichamergetically favorable reaction (like ATP hydrolysis) is coupled with a
endergonic reaction
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- Linking happens through shared intermediateB o gé6 B3 BET? o7 Néc alit ad
in another

Uv\coup\cA veackion:

-0

Glucose Sucyose

Coupled veackion:

.w'—».o

Glucose Glucose-P
Glucose-P Sucyoese

Laws of Thermodynamics
- »Y :tPoHu éNt/Ae E?T éoFf Netd Bo O0rdeoBurdoN Bt u 802
- Result: Must eat/ produce own fooadntinual energy ingut
- Chemical energy stored within organic molecules (sugarstemdsfats)edhrough seriasf cellular
chemical reactions into energy within molecules of ATP
- Doeswork: build complex molecules, transport materials, contract muscle fibers etc.
- 2: Every transfer of energy increases entropy (disorder) of universe
- Heat energenergy transferred from one system to another that is not doing work
- The more energy lost by a system to its surroundings, less ordered and more random it is
- Conseguenc#&ou need to eat and you will die
- Entropy of body is increasing, so we neadstame highly ordered food
- * Living systems can decrease entropy of SYSTEM as long as increase entropy of SURROUNDINC
(open system)
- 1N Lg¢Ntd eoBdgét XNdet?P eoBdgésd 6ZNe No
- Even though living things are highly ordered andimsiate of low entropntropy of
universe in total is constantly increbsinof loss of usable energy w/ each energy transfer
- Living Systems & Open Systems
- Living systems apen systembave input and output, and continually exchangenbdthand energy
with the environment
- Living systems try to béenameostasis stable, neaquilibrium state
- Inaliving celthemical reactions are constantly moving towards equilibrium but never (baching it
living cell is an open system)
- If reacled equilibrium, would die off
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MacroMetabolic Strategies

Ectotherms & Endotherms

Ectotherms Endotherms

- Alsoknownase Z7 o ¢ BéEBL 3 Bo ¢ - Alsoknown a$ 6 Z Poof¢FBg ] Ne Bo /

- Depends mainly axternal heat sources - Useinternally generated htamaintain body

- Body temp changes with temperature of the temp/high E level
environment - Body temp same aedless of environment

- 6Brdt Ae dert @ypicaly pwer, T - Can engage in activities thgtire greaterii
metabolic rates) acceptable temperature

- Can survive bigger temp changes (wider rang - Mammals and birds

- All other than mammals & birds

Temperature Regulation Strategies

Ectotherms Endotherms
- Seek shade - Increase metabolic heat production
- Marine Iguanas sunbathe on rocks, which all thermogenesis response to cold environment
dZBoe AEgodeddA B3 Neé - Can producenetabolic heat throughivering
- Ectotherms CANNOT hibernaté Nt A @ N - Nonshivering thermogena@pends on brown
downgrade body temp/metabolic rate adipose tissue

- Hibernation state of metabolic depression in
endotherms; functions to conserve energy wh
sufficient food unavailable

- Decrease metabolic rate and body ten

- Evaporation of sweat absorbs energy, drawing heat out of body

Metabolism and Size

- Smaller animals have larger SA:Vtherefore ARGER relative heat lde@environment per unit time
- THe larger the SA, the quicker the organism dissipates lygat tfeerefore has to eat more
- Small endotherms (specifically) must eat constantly
- Ex: hummingbird
- *Less mass = higher relative metabolic rate**

Micro-metabolic Considerations

Sequential Metabolism
- " Zn ®BtAe ét )] Egode ateB 3 Ng?t d-
- Combustion=organi ¢ mol ecule + 02 — CO2 + H20 + Energy
- xtdeaoNeaBt ad éB¢EgdasaBt dequEmga, enéyingnjratfedd Bt 48 E

metabolism
- Cells use specific molecules to regulate enzymes in order to promote/inhibit certain chamical reactio
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Electron Shuttles

- e shuttlesshort term electron storage/release molecules, used in respiration and photosynthesis
- £Nn?¥d ¥t écoBtd 30B¢ eZatHd EratH Btaodaet d
- Serve as electron carriers in redox reaeituce inputs and oxidize outputs

- ExX:NAD'+2e+H*” NADH
- OIL RIG (oxidation is loss, reduction is gain)

- Important eshuttles:
- NAD®*/ NADH
- FAD/ FADH,
- NADP*/ NADPH

Chemiosmosis

- Chemiosmosisnovement of ions across a semipermeable médubvareectrochemical gradi@oigenerate
ATP
- eshuttles (NADH, FADH) are oxidized, releasiitdy energy @nd protons
- Free enerdrsom series oédox reactiorffom ETC) is used to pump H+ iongas the membrane into
intermembrane space
- Uneven distribution of H+ ions across membrane estaldisineshemical gradient
- L ¢Bytéegytrd eNt4ie daz3zgd? e6ZoBgHZ tBteB) No
channels, so H+ pass througggiral membrane protein ATP synthase, turns & adds phosphate group ti
ADP, forming ATP
- Chemiosmaosis is widely distributed for ATP produdtionitochondria, chloroplast, bacteria etc.
- ATP drives all cellular work !

o As electrons {e”) move through the 0 A hydrogen lon gradient is formed, G When hydrogen ions flow back into

electron transport chain, hydregen with a higher concentration of ions the matrdx down their concentration
ions (H*) are pumped from the matrix in the intermembrane space than gradient, ATP is synthesized from
into the intermembrane space. In the matrix. ADP + P; by an ATP synthase complex.
intermembrane
space
@ inner

matrix

Enzymes
- Enzymesnacromolecules (most often proteinskpeatd up chemical reactions by lowering activation energy
barriers
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- Specific to the reactions they catalyze
- They remain unchanged (can be reused)
- Total Energy released/absorbed in catalyzed/uncatalyzed reatt®theesame
- Substrates bind to the enzyme at the active site
- Activesitd XZ? oF 6ZF ANéesaBti ZNeet tdvw gtabg? éB¢I
sequences, structures, and proteins create a very specific chemical environmeuwtivatsitethe
- Al tde 3ae/i ¢BOT Néesaa2?t daet ad det éazaée 3|

Environmental Effects

Substrates are subject to influences by local environments

- Increasing environmental tegemerally increases reactiorfumatié a certain point)
Temperture

- Optimal temps are different for different enzymes

- Different organisms have different optimal metabolic temperatures

- High temperatures will eventually cause enzymes to denature (lose its conformation)
- pH

- Optimal pH varies by location in an organism

- Enzymes are suited to function best within a certain pkraxigeme pH values can cause enzymes to

denature

Substrate Concentration

- As substrate concentration goes upathef enzyme activity levls o

- There are not enough active sites for the substrates to bisdttozaited

Induced Fit Model

- Expands upon the leakdkey model; states that as enzyme and substrate come together, their interaction cat
mild shift in both enzyme and substrate conforntladibconfirms aileal binding arrangembetween enzyme
and transition state of substrate
- When enzyme binds to substetzymesubstrate complexformed (transition stage)
- Lowers the activati@mergy of reaction (for example by contorting substrate molecules in ways as to
facilitate bondbreaking, or by participating in chemical rxn itself)
- Brings the substrates together in optimal orientation
- After enzyme done catalyzing reaction, releasefli e 0 BO g € @

Control of Metabolism Through Enzyme Regulation

- Enzymes can be regulated in waystimadte or reduce their activity
- Competitive InhibitionWhen a molecule tmaimics shape of subst(areinhibitor) occupies the active
site, preventithe actual substrate from entering active site
- Allosteric InhibitionWhen inhibitor molecules bind to enzymiesation other than active aid
changes shape of activefsBe d gEde o Net? éNtA1e Eatd 6B ase

Created by Christina Yoh, 2Q089. Pag&20f58
Made available under the termnass@feative Commo@ BY-NC-SA 4.0icense



https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/

- Similarly, allosteric activation is the ¢amwhen the active site conformation chramgases
the affinity of substrate
- Molecules that help enzymes
- Cofactorsinorganic ions such as iron and magnesium that promote optimal conformation and functio
for respective enzymes
- Coenzyme®rganic Hper molecules required for enzyme action (Ex: dietary vitamins)
- Feedback Inhibition in Metabolic Pathways
- In a efficient and elegant way, cells have evolegtoducts of their own reactions for feedback
inhibition of enzyme activity
- Feedback Inbition: involves use ofesmction product to regulate its own further production
- Ex: abundance of specific products leads to slowing down of production (ex: by changing

conformation)
- ATP is arallosteric regulatof some enzymes involved in catabolic breakdown of sugar, which
produces ATP
- When ATP is abundant, cell prevents further production, as too much ATP would go t
waste
1st intermediate 2nd intermediate
substrate substrate End
product
,‘/_>>’ ")‘ AA" ). -A>‘. ). 7 7)
Sugate Enzyme 1 Enzyme 2 Enzyme 3 )
\ / Cellular
\ )
o et . .
Vg’ S Respiration
Inhibition of the pathwa
o o - Performed

by all organisms;
ATP is produced through the breakdown of nutrients
- CeH106+ 60, ~ 6 G6OH0 + ATP
- Oxygen is the final electron acceptor (+ protons and becomes H20)

Aerobic Cellular Respiration

1. Glycolysis

2. Formation o&cetyl CoA

3. TheKrebs/Citric Acid Cycle

4. Oxidative Phosphorylation/ETC

A. Glycolysisthe splitting of glucose
a. Glucose split into 2 pyruvic acid (3 carbon) and2yiéelsE ATP and 2 NADH
i.  Requires seriesasizyme catalyzed reactions
b. Located in Cytoplasm

IN ouT
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1 Glucose 2 pyruvate
2 ATP 4 ATP
2 NAD+ 2NADH

B. Formation of AcetyToA

a. Each pyruvic acid is converted to acetyl coenzgr@arhdn) and releases 1 L£0
acetyl,+2QNADH

i. 2 pyruvic
C. The Krebs Cycle
a. 1 Turn;x2 for each glucose

eases

In Out
AcetylCoA 2CG
3NAD* 3 NADH
1 FAD 1FADH,
1ADP 1ATP

b. Since cycle begins with 4 carbon molecule (oxyacetate) + Acetyl to form Citric Acid, also has to end
carbon moleculep loses 2 CO2
D. Oxidative Phosphorylatigorocess in which ATP is formettdaysferring electrons from electron carriers to O
a. Electron Transport Chain
i.  Electron carriers split apart, and high energy electrons pass down the ET&ktieougheiox
reactions
i.  Free energy produced by moving of elegtromgs protons from matrix to intermembrane space
1. Hydrogen ions can only diffuse across inner membrane by passing through channels
synthase; therefore flow of protons through channels produces ATP hygcADBini
and phosphate on matrix side of channel

. Eloctron transport chan

B ATP synthase

Intermembrans space

Maochondnial matris 2 how 2 slecimns
hydiogen  exsing ETC 4
ons

Process

Location

Output
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Glycolysis Cytoplasm 1 Glucose 2 pyruvate

2 ATP 4 ATP

2 NAD* 2 NADH
Formation of AcetyToA As pyruvate transported | 2 pyruvates 2 AcetyiCoA

into mitochondria 2 NAD* 2 NADH

2 Coenzyme A 2 ATP
Krebs Cycle Matrix 2 AcetyiCoA 6 NADH

4 NAD* 2 FADH 2

2 FADH 2 ATP
Oxidative Phosphorylatior] Inner mitochondrial 10 NADH 2 HO
Chemiosmosis membrane 2 FADH; 32 ATP (varies)

20

OVERALL: 36 ATP

Anaerobic Cellular Respiration

- ATP produced through breakdown of nutrientsBSENCE of oxygen
- Carry out initial step gfycolysiandfermentation

- Pyruvic acid converted to either lactic acid/ethyl alcohol (ethanol} and CO
- Results in 2 net ATP; aRé\D * is regenerattiirough fermentation (NADH oxidized)

/ (dufaﬁ.t.

6’-\-{_0‘!\!%!5 < ; AD? i
| 289
k (ned)

v

AU Nvag

k:? yACINTY

BN < 2 app

/ z 9\"'“\‘0‘!’& \
| ke
O NAD*
| y 20, Mggmmr\on
NAD* < 7 heeldehyde
%ege.nc(a‘\*m.
— 2 [NATH]
2 MAD*
7 E¥avo)
Photosynthesis

- Process in whitight energy is converted to chemical energy

- 2 stages:
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- Light dependent reactions
- Light independent reactions/ Calvin Cycle

The Light Reaction
- Visible light ofpecific wavelengli® ¥ of bgaot d A: 1Y Eoftt ad of3)téae
- Lightabsorbing pigments like chlorophyll a, chlorophyll b, and carotenoids complexed with proteins makes u
Photosystems

A. Noncyclic Phosphorylatigiist step needs Water)

a. Produces ATP using both PSI and PS I

b. Photons hit PSII, and chlorophyll in it produces high energy electrons which are passed to a molecul
primary acceptor

c. Electrons then pass down to carriers in ETC smR@8lgnergy thdissipated through this process is used
to pump protons across membrane from stroma and thylakoid lumen

i.  *Photolysis: when PSII absorbs ligtytlitswater into Oxygen, Hions, and electrons; replaces
the missing electrons in PSl|

d. Hydrogen ions accwlate inside thylakoids, and proton gradient is established; protons diffuse throug!
ATP synthase to create ATP in the stroma

e. PSI captures light and passes excited electrons down ETC to produce NADPH

B.
C. Cyclic Photophosphorylation6 Bt dt A6 oFf Gy detebhBbgedDBBT uHT £ A
a. Electrons in PSI are excited, passed to carrier in ETC, and eventually returns to PSI
i. !e TtoN Btyu ' £u ad eoBOgéroM oBirdtAe voB
b. uy Nbed gdt ezZad XZ?tt e6Zt ot NottAe TEBQgHZ c! 61

[SYCLC PHOTOPHOSPHORILATION] H*

Pa (ADP ATP
H
stroma _ @

HY liat
iy ATP
) syhose
Hr - Jl’
H+ H*
K R thylakoid lumen
(interior)
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Calvin Cycle

A. CO;brought into cycle and combines with RubP through series of enzymes controlled reactions to
produce G3P (3 carbon molecule, precursor of glucose)
B. Take molecules produces afticalion and use ATP & NADPH to convert back to RubP 5 carbon
molecule € be used again!)
a. 3turns of the cydie producd NET G3P molecule
EnzymdruBisCCOcarries out the carbon fixation stegificient so lots of it is needed
D. ATP thatis produced in light reactions (released to stroma) is used

o

3L O

5 . [CAxEeN Foation
EL™ 3 100000000
ool

3 i i '0 & 3-70A
3o S

(e

¢ worml  (EEbocTion)

6'5’" ot © [Masp
-re '“Ud

E s o e reses
Stages of Photosynthesis| Location Input Output
Light Dependent Rxns Thylakoid Membrane of | Photons NADPH, ATP, &
chloroplast H-0
PSII, PSI
Light Dependent Rxns Thylakoid Membrane of | Photons ATP
(Cyclic Flow) chloroplast
PSI
Light INdependent Rxns | Stroma 3CO 6 NADP*
3 RubP 9 ADP
9 ATP 1 G3P
6 NADPH

Significance of Photosynthesis:
- Only after photosynthesis that other metabolic pathways (like aerobic CR) could evolve!

- All oxygen needed for C.R. comes from photosynthesis
- Produces biological molecules that every orgarRANET consumes to remain alive!
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Chloroplast

Metabolic Considerations

- Increased complexity requires increased cooperation
- Ex: inc compartmentalization of eukaryotic cells leads to increased cooperation
- **NOTE:Aerobic Respiration & Photosynthesis DO NOT require eukaryotic organelles; can occur with any p
with membranes
- Animal Complexity requires cooperation
- Cells T Tissues ~ Organs ~ Organ Systems
- Organ systems are tightly coupled
- Ex: Intestinal Villi (Digestion/Circulation Interface)
- food enters into circulatory system by diffusing through cells that make up villi, enterin
circ system via capillaries
- Ex: Lung Alveoli (Respiration/Circulation Interface)
- Air enters through alveoldéfuses through walls to circulatory system, while waste (co2
diffuses out of capillaries into the air
- Cooperation in plants
- Shoot system & root system

Shoot and Root g g
Systems Fo
Shoot system E S
»
“'( Shiset

photosynthesis

- carrios out
reproduction

Sawten

- produces sugars by ‘m )

=

Root system

- anchors the plant !
A

- ponetrates the sall 7L Root

and absorbs water Sywten
and minerals

- - stores food

- Cooperation in microbes
- Ex: Rumens w/ 4 stomachs

Created by Christina Yoh, 2Q089. Pag&8of58
Made available under the ternass@feative Commo@€ BY-NC-SA 4.0icense



https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/

Information

|. Historical Development of the DNAodel

A. Understanding thidature of Inheritance
1. Gregor Menddbund that inheritance patterns are scientifically investigated and predictable
a) Pea plant Experiment
B. Understanding Role of Chromosomes
1. Walter Sutton & Theodore Boyroposed that chromosorhear hereditary factors in
accordance with Mendelian Laws
a) In eukaryotic cells, remain in nucleus as chromatin until separates into chromosomes
during cell division
(1) Chromosome: DNA + Proteins
C. Understanding Nature of Inheritance
1. EnagzgzaezAd / NéstoaNj £oNtd3Bog¢NesaBt
a) Sstrain (pathogenic) anesRain (nonpathogenic)
b) When mice injected with live r strain (live);divairs (die), heat killedtsain (survive)
all acted normally
¢) When injected w/ livestrain + DEAD-strain, mie diedMeans some sort of
transformation occurred
d) Particulate Nature of Inheritanseme sort of molecule is allowing for transfer &
heritability
D. Avery, McCarty, McLeaddentifying théransforming principle
1. Isolated purifiedstrain protein andssain DNA, and added-&rain bacteria
a)y ugoazarodo eoBgT at pufied QNASEuUton Daasiobméds 6 o Nt d
b) Observed thatroteasggnzymes that degrade proteins) did not affect transformation
E. DNA as Genetic Material
1. HersheyChase Experimemtmonstrateleritability of DNA
a) Grew phagesiiadioactive P (DNA) and S (Prottortag
b) Allowed phages to infect 2 diff cultures, and see which bacteria now radioactive
(1) P transferred in, but not sulfur
c) CONCLUSION: DNA is heritable material, NOT protei
F. Composition and Structure of DNA
1. Chargafbobserved Diff % of 4 bases in diff organism%Aw#bT and %G=%C
a) RULE: Any DNA from any organism should have 1:1 ratio of pyrimidine (@)&)ring
and purine(two ringh,G); more specifically %A=%T and %G=%C
2. Maurice WilkandRosalind Franklin
a) usedX-ray crystallograpkwhen Xray shone, creates diffraction pattienmd that
DNA created helical, 2 stranded structure
3. "NedB¢t 0Ocaénid bBdY ) B3 6¢c! 1
a) Sugar Phosphate backh@mel Hbond in nitrogenous bases between strands which
holds them together
b) Nucleotides within one strand connected by cophtsmthodiestéonds
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c) Base Pairing: A&T, G&C allows for each strand to be a template for opposite strand
(1) For replication
d # deoNEdd ANt awpposiNgdjrettionrs at Boat teNgaB
()aA4A +4 T EO AZudoBtuy HoBgeA
(a) Strands read in this direction
(2) A 44 T LD AezZBdeZNet? HoBgeA
DNA Replication!

A. Different Models of Replication
1. Semiconservative Modelach strand of DNA molecule serves as template for new strand (1 str
old, 1 strand new)
2. Conservative Modelxisting DNA molecules stay as yrithesis of entirely new dotgitand
molecule (1 full old, 1 full new)
3. Dispersive Modetach o.g. Strand replicates portion of each of the 2 new molecule (combo of
+ new in 1 strand)
B. Meselsoistahl Experiment

AN ONA Is nivatly
“N-isbaled

AARRAAR
AN
1. ProvedSemiconservative Model
a) The results of the density centrifugation after many gensugtiomss semiconservative
and refutes other models
(1) Refutes dispersive (no band w/ only light nitrogen), conseovegieatire
conserved, new one made (no band w/ only heavy nitrogen)

Gend Gen3 Gen2 Gen1t

C. Replication Process
1. Replication starts @ origin sequence and proagieggibinally, creatimgplication bubble

2. @
Overview either end, containsplisome
Origin of replication all of enzymes functioning
Leading strand Lagging strand together to enable DNA
» G replication
/Lagging strand * .73
-
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a) Helicase opens up double helix structure
b) Topoisomeraserotates helix to release tension by creating nicks
c) Primase makes @RNA primer(short stretch of nucleic acid complementary to
et e Net A B eoB2aotr ¢4 T O 3Bo 6¢c! eB
(1) RNA primer later replaced w/ DNA
d) DNA Polymerase adds nucleotidesdioo BXat H deoNtdd Bt 6Z7
e) Ligase repairs breaks (phosphodiester bonds) in strands
3. DNA Polymerase
a) Using preexisting strand, takes free flowing nucleotides and incorporates into sequenc
(1) Autocatalyticenergy to form bonds comes from breaking off terminal 2
phosphates on new
nucleotide

Energy of Replication
Where does energy for bonding usually come from?

y modified nucieotide

b) Sometimes makes mistakes; other DNA polymerase do proofreading, reducing error r
to 1/1 billion base pairs
D. Leading and Lagging Strands
1. DNA polymerase can only mdakNA ins -/ v A Qs 2 strandsasyhthesized differently

a) LeadingStrand é BteatgBgd) n dxt erZIT B&BXTND ddie 0N te

b) Lagging Strandynthesized discontinuously, creates fragments
(1) Okazaki Fragmemtsnnected b®NA ligase
(2) Needs new primer every time
B u; NnatH AéNeézZ geli
(4)
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lll.  Transcription

A. Types of RNA
1. mRNA = carries A.A. sequence info from DNA to ribosome
2. tRNA = brings specific A.A. to ribosome
3. rRNA= structural components of ribosomes
B. Goal of Transcription:miak N xc! éBenx B3 N HY P Ad 6¢c! dPbgt
1. RNA Polymerase uses a single strand of DNAAtot 6 ZT daet? éBge ] T ¢7 tal
v/ ODANOD®e BBE vA4 T LOA
C. 3 phases of Transcription
1. Initiation
a) RNA polymerase binds to promoter, tegrarates DNA atrds
2. Elongation
a) One strand of DNA (template strand) acts as template for RNA polymerase
b) RNA transcript holds treame info as the a@mplate (coding) straofIDNA except T
replaced with U
3. Termination
a) Sequences called terminators signal RNA trarsscoptiglete; transcript is released
D. Eukaryotic RNA modifications
1. & A OaNckar 4 -A Bajladded to prsnRNA
2. Introns(contains unnecessary info) are spliced ougxehifere stuck together
a) O3 ateoBtd t£Be or¢gB27r 0V éoFrNerd Ao0gEEa
3. Alternative Splicing
a) Process where more than 1 mRNA can be made from the same gene
(1) Can encode more diff proteins than we have genes
E. Prokaryotes vs. Eukaryotes
1. Transcription Location
a) Eukaryotic = nucleus; Prokaryotic = nucleoid
2. mRNA processing
3. Coupling w translation
a) Only in Prokaryotes (not in nucleus)
b) Direct CouplingAs RNA polymerase produces transghipsome simultaneously
translates transcript as it is produced
F. Gene Regulation in Eukaryotes
1. Transcription Factors
a) Proteins that help turn spac HT £ T d by @nting toBi@arbW BNA at tertain
target sequence
b) RNA polymerase can attach to promoter only w/ help of proteins called general
transcription factors
c) heZt o eoNtdéoaesaBt 3NésBodV HBRNAT asAid
polymerase to bind to promoter of the gene
(1) Activators Transcription factors thattivate transcriptipoan help general
transcription factors & RNA polymerase assemble
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(2) Repressorkepress transcriptioblocks general transcription factors & RNA
Polymerase
Turning genes on/off in specific body parts
a) Enhancers regulatory items that increase rate of transcription

Aovolovs Represaoy

Thim ve only expressed
* bﬂ’:fw o.g-:, -
e Presced vepresnoY
GG onset.
1 4 1
ey oNA
L
Birdiva, shves
'&-nscv\‘oﬁm! Achwokors
Uiile fro tromoniphon  owiy one
‘‘‘‘‘ > ackhvoior
e 1 presevi.
@ Vo duracriphon “d'“""”"m
e —— e
S ] ':‘ y

b) Silencers regulatory items that decrease rate of transcription

G. Gene Anatomy

¢. Single Gene Components

(A)

Promoter region
P e

Anatomy of a gene

PolyA
addition
site

Translation Trans-
initiation codon Translation cription
or {Amino acid 1) i ¢ termination
Transcription terminator codon )
BN ) ] sequence
mitsation Amine acid numbers

(cap sequence) E A \

[o———u 30 5 104 105 146
| \ \ I

e s v, r—Exon | = Intron | =Exon 2+ Intron 2 i Exon 3 |
Upstream o S ——’
promoter Leader sequence 3UTR
region (5 UTR)

Exon means sequence that exits the nucleus
Intron means sequence that stays inside the nucleus

DEVELOPMENTAL BIOLOGY, 9e, Figure 2.5 (Part 1) T
1. UTR: transcribed but not translated (Untranslated region)
2. GeneA DNA sequence that is going to be transcribed into RNA, and the sequences that regL
its transcription
3. Upstreamelements of a gene that priistto start of transcription
4. Downstreamelenents of a gene that exiistr end of transcription
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V. Translation

A. The Genetic Code
1. 473 =64 unique codon combinatioh&0 diff A.A.
a) Some diff codons code for the same A.A. (redundant)
b) Each codon codes for only 1 specific thing (unambiguous)
c) Start codon = AUG; stop Codon = UAA, UAG, UGA (punctuated)
d) **Codon a sequence of three DNA or RNA nucleotides that corresponds with a specifi
amino acid or stop signal during protein synthesis

B. tRNA
1. Made of 1 continuous strand of RNA, base pairs wbitsedfite 3D conformation
2. Diff tRNA

a) Bring in diff amino acids
b) Have aliff anticodonloop( @ bott om of tRNA) ~ compl e
bases of codons on mMRNA

Il
0 — C—+—CHR——Amino acid
NH3

Ester bond

tRNA
molecule

Intramolecular
base-pairing

mRNA 5" G-C-C 3
Codon

3. Major Steps of Translation
a) Initiation: ribosomes (2 parts) forms around mMRNA, so startAdd@hstart codon) is
at 86zZ7% AuAd daagt
(1) MettRNA binds to first AUG codon
(2) Ribosome assembles so thatRMA is on P site
(3) Remaining tRNA enters @ A site
b) Elongationpeptide bonforms between A.A. chain (P site) and A:8ité and creates
a longer and longer A.A. chain
Q) Ri bosome then moved, so that A site

site T E (exit) site and dissociat e
c) Termination
(1) Release factor binds to stop codors@ A
2){ até? etreecad?r EBtoO éeNtJise EFT 3Bo¢rtd
released and ribosome assembles
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Mitosis

0 A type of cell division, resulting imaughter cells having same # and kind of chromosomes as parent nucleus

Cell Cycle
O MostofcglAd | a3? ad detrte at OtetoezZNd? Aétv )] HoBXd
3 Gl1=cell grows, prepare to replicate DNA

3 S=synthesis/replication of DNA
3 G2= preparation for Division

0 In mitotic (M) phasegll divides, producing 2 genetically identical daughter cells
0 Many cells are in terminal, wldriding state (GO)
0 ApoptosisCell death

DNA
Replication
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Chromosomes

Homologous
chromosomes

Homologous
chromosomes

Centromere

Replication
o o g
Sr;tel Si;lef
chromatids chromatids
Mitosis
0 n=haploid numbemhich is # of unique chromosomes found in organism (n= 23 in humans; 46 chromosome:

diploid cells (2 pairs of 23))

3 Diploid: 2 complete sets of chromosomes (ex: 23 pags 1 dad46 total in humans)
Homologous chromosomes: same glemgsh, what it codes fbut different alleles
2n = 2 sets of number of haploid

3 Haploid single set of chromosomes (23 chromosomes; gamete cells in humans)

0 Replication occutsefore mitosis
0 Prophase, Prometaphase, Metaphase, Anaphase, TitgdsEesePee on the MAT)
Phase Description Image
Prophase Chromosgmes condense, SRR TROPHISE
mitotic spind® starts to
form, and nucleolus
. ptokie 6 pndhs -
disappears gt —5
5%
E /£ “%\,"V’ﬂ“"m:::uv\st
1"':’, .‘\' 2 i pudeo\us
i - ‘S,..‘./
Prometaphase Chromos.omes finish C TIOPWASE
condensing, nuclear (FROMETAMASE)
(before envelope breaks down ‘
metaphase) i X
achas e
£ eneiopt
—_t e oreaks dewin
e ChvomarSovaLd
fu\\y CMV‘QA
Y
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Metaphase Chromosomes align @
metaphase plate and attaq
to spindle (@ kineticore) :
"xx‘ Q. Avromoronts v
wp ok ma.#q\fﬂ
Pl
Anaphase Sister chromatids separats
centromere, migrate to pol
(backphase) | of the cell
U
\'wwl-odt\ot
wiortubules T 2 A N N Y wicrotwoulss
push peles aport | Prardn goas
Wy
b
Telophase & | Nuclear membrane reform
Cytokinesis | chromosome decondense
(cell spindle disintegrates and Vo (=, spndla dagpears
movement) | membranes divide P m— raclape
sort to o o
&cev:‘)-t-m L / ;‘ h‘ My:witm:-
Creates daughter cells, bg k T, wcleokns
with 2n amount of materia reappenrs
(:‘L
\
4 1)

0 Inanimal cells, there are no centrioles, and new cell wall plate also forms

Meiosis

0 Meiosisproduced genetically unique garsatdthhalf the normal amount of genetic maftealéas many
chromosomes as starting lcaplpid cel
3 All sexual life cycles require Meiosis
3 2 rounds of cell divisiom replication between Round 1 and Round 2

Created by Christina Yoh, 2Q089. Pagd70f58

Made available under the termnass@feative Commo@ BY-NC-SA 4.0icense



https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/

Daughter
Nuclei | II

Daughter
Nuclei /

_%

UL AR
Interphase ‘ Meiosis |. N l\ai

Homo|ogous MeIOSIS “ | U'

Chromosomes

Meiosis 1

0 Prophase: Crossing overccurs: homologous pairs of chromosomesgeaenetic info (form tetrad)
3 Homologous paif®ne from mom, one from dad) are similar but not identical: same genes in same or¢
butalleles might be different

Homologous Chromosome Recombinant
chromosomes Crossover chromatids

-8 R

Non-recombinant
chromatiis

~

0 Metaphase: Independent assortment

3 Homologous paiadignwhile still attached to each gthech pair aligns independent of each other

3 Oe/d oNLOB¢ XZaéez Adadtr 4 B3 ¢ireNezZNd? wej] Netb |
3 Variation due to independent assortménhfwhere n in # of homologous pairs)

Meiosis 2
0 No replicatioroccurs between Meiosis 1 & 2
0 Meiosis creates arotindctionally infinite variation of gamédwetsich is why each is unique!)
3 b/c ofcrossing over, independent assortment, and fertilization
0 Creates major source of variation for natural selection!

Mendelian Genetics
0 brtor ) Ad :tetoaé¢fttas
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Used peas béasy to grow, short generation time, lots of offspring, and obvious traits
Developegurebred lineer 7 diff traits
Control mating between diff lines
Counted F1 generation offspring
Found that only ghenotype observed
Self crossed F1
3 Count # and type of F2 generation
He found that phenotype that disappeared reappeared, in ratio (3:1)

W (W W W

[\%)

by tdoFv | Ad ] NXd
0 Law of Segregatioonlyone of two gene coppeesent in an organism is distributed to each gamete it makes, an

allocation of the gene copies in random
3 Only transmit 1 allele to offspring (Punnett Square)

0 Law of Dominancédn organisms that have 1 copy of each allele (heteralygmas)t allel determines the
phenotype
3 Biological reason for dominance: proteins are created in presence of dominant allele
Ex: Purple pigment made with P, but with p no pigment is made
3 Dominant != Good/Strong
0 Law of Independent Assortmeilieles of 2 (more maild) genes sort into gameéteependently of one another
3 Ex: Dihybrid crossggrobabilities for each trait are determined independently
RrYy x RrYy Ve Yoo SRRAYY
R r 174RR 12 Yy --=neene >178 RRYy
Rl RR Rr VR YY <mvemnen 1116 RRyy
= = VA XYY ennnnnn » 11 R¥YY
m2Rr 172 Yy -------- » 14 RfYy
Y Y VAYY -waenee- > Rryy
Y YY Yy 14 YY === s rYY
VA T 12 Yy =mereees *118 frY
yl Yy | wy : y
3 1 yy - *1/16 Fryy

3 Biological Reason for independent assortihetaiphase (Bach also an independent event!)

Beyond Mendelian Geiost

Co-dominance

0 When heterozygotespress BOTH phenotgEx: Roan Cattle)
3 Genotypic ratio: 1 homo dominant, 1 heterozygous,1 homo recessive
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3 Phenotypic ration, 1 Red, 2 Roan , 1

Incomplete Dominance

0 When heterozygous expres8ed @ew) phenotype
0 Ex: Snapdragons

3 1 homo dom.; 1 hetero; 1 homo rec.

3 1red, 1 pink, 1 white

Blood Type: Multiple Alleles & Codominance

O«

6 different combinations®Ift, I*i , BI®, B, I*18, ii)
3 Type A can only get type A/O blood; type B: type B/O; type AB (universal acceptor); type O (univers:
donor)
3 A & B areodominan{show up together)
Type A= A antigen, B antibody
Type B= B antigen, A antibody
Type AB= A & B antigen
Typeo O= A & B Antibod
Multiple Alleles3 or more alternative forms of alleles that can occupy the same locus

O« O« O¢ O« O«

Linked Genes

0 Linked Gene§&enes that are on the same chromosome that are close together
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