DNA Replication

| All the DNA in a cell constitutes the cell’s genome
L DNA moleculeS in a cell are rackaged into chromosomes

W@ T.H. Morgan Showed that genes are iocated on chromosomes

L3 2 componentS of chromosomes— pNA & protein— became candidates for the genetic material
Ls Fredricy. Griffith discovered the genetic roie of DNA
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Gene Expression: Transcription & Translation

M Alternative RNA Spiicing  occurs when many genes can give rise to 2 or more
different polgpeptides, depending on which segments are used as exons.
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DNA V5. RNA Trans\ation

@ DNA has deoxyribose sugar wnile RNR has ribose sugar
M In fransiation, tne cew reads a genetic message (mRNA) and builds a polypeptide

mw’i 70" e il accordingly
[l The transSiators are called transfer RNRS (tRNRAS)
! " HQ Ls tRNAs read the codons i MRNA & bring correct amind acids o e rivoSome, which builds
oH (H oH (OH he polupeptide
@ RNA has the base ‘wracil (V) while DNR has dhymine(T) ‘ s.m‘m.,ﬂ.
Ay Rl oes o, §52§Jsfw 64 HripletS ; 61 code for amino acids & 3
: — N 4riplets are stop codons

|UAG Stop

-6 c-6
redundant : More than one codon Moy Specify
a particular amino acid
ex.) C6U & C6C both are Arg
not ombiguous: no codon specifies more than

one amino acid

ex.) AGU = Ser NOT Arg

@ RNR i5 usuany Singie stranded & has a very Snort half-1ite while DNR is double Stranded
and quite stable

;%

Template Strand : ' - ATGCGCCATGCCAGTTACETAGS

First mRNA base (5' end of codon)
“Third mRNA base (3’ end of codon)

lwanscnpﬂon reading frame
MRNA AUG UGC ARG uCC 6GA €AG
RNA TNSCHpt: 5' - yACGLGEUACGEUCRRUGC AVC-3’ tRNA  UAC ACG UUC “'IGE C'IWGUC
v
codons Met CuS Lys Ser 6ly oin
) o N ESite  p-site
During fransiation, the MRNA base tripiets (codons),ave @assembled in the 5* o 3' direction. each tRNA iS attached o a specific amino acid --exln" (pfé'nae chain
ll‘lm,?'l'bﬂ et oc. forming)
- - S
Transcription ' . is €longation Y L
[
I RNA iS5 synthesized by RNATPOIYMEIOSE, which prieS he DNA strands apart and
assenbieS RNA nucieotideS in e s* 10 3' direction without he aid of a primer VAC UACACG A6 UUC
(unlive DNA replicarion) AUGUGC ARG UCC 66ACAG H AUGUGC ARG UCC 6GA CAG 4>AUGUGC ARG UCC 66ACAG
B Tnree stages:
Ly nitiation: Promoter i3 recognized,a bubble iS5 created, and RNA suntnesis beging
1 1 rib Next codon will enter e ™e first tR!IR aemcues_ &
small ribdsomal unit ribosome & the amind acid Ir(::;w:wm: n::ca:r;li,:h‘;ch
LIl Small ribdsomal Subunit binds to will be covalently bound o Met v OVEY, makin
an MRNA & initiator ¢ RNA. Then oom for the next tanA
he large ribosomal subunit
j0ins 10 complete ne fransiation
L>Elongation: bubbles moves along the DNA tempiate and transcript is elongated initiation complex
5 AT NS [l Dduring elongation, AMino acids are added one by one to e previous amino acid at the
2 ST s C-ferminus of +ne growing chain
T L occurs in three steps:
MRNRA S built 5 0 3 ®codon recognition - codon binds to A-Site
Ly, Termination: transcript and RNA poiymerase are reieased and the bubble closes @ reptide bond formation- amino acid on P-Site bvinds ¥0 A-site
6 Transiocation— A-site shifts 10 P-site
mﬂ\ carries e code in the gene
WL L Il Termindtion occurs wnen a Stop codon in the MRNA reaches the A site of the ricosome.™e R sire
I GCCEPS a protein caled release factor that causes the addition of a water molecule instead of
(ENINENINENN RN an amino acid- e poiypeptide & ribosomal SubunitS and other components dissociate.
S .
B EnzymesS in the eukaryotic nucieus modify pre-mRNA (RNA Processing) before the hydrolysis
genetic messages are dispatthed +o the cytoplasm
L>both endS of primary transcript are atered.Some interior parts of tne moiecule dre NN we SNy o
cut out and the other parts spiced together. NN=C—C MN-c—C NMN—C—C—N-C—C
- ’ ) H7 1 S M7 T Mo oo [
modified guaning nucieotide . H H H H
added to &' end §0-250 adenine nucleotides \(
/ added to the 3 end dehydration H20
6-@—C©-CII ARA-ARR M0 yH H
H A H 1,0 H 1,0
, “roig-n Tail SN=C-c-N-C—¢ SN Sn—c—c]
5’ cap H | J OH H Il Yo M J' OH
Il M0St eukaryotic mRNRS have (10ng noncoding stretches of nucieotides (introns) that lie hydrolysis

between coding regions
Lyregions that are usually transiated into amino acid sequences are caned exons.
LyRNA spiicing removes introns and joinS exons, creating an MRNA molecule with a
continuous coding sequence.

Pre mRNA: ;
‘[ intvon ¢ exon

introns cut out and
exons spliced togetner

Mature MRNR:
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M Introns are removed in eukaryoteS by a targe complex caied a spliceosome tnat is
composed of different snRNPs (*snurps™) whiCh contains small nuciear RNA and a

set of protiens




DNA Mutations

I Point mutations are chemical changes in just one or few nucieotide pairs of a gene
L nucieotide -pair subStitution - repiace one nucieotide & itS partner With anptner pair of
fucieotides

e 5jlent mutations nave no effect on #he amino acid produced by a codon because
of redundancy in the genetic code.

@ Missense mutations still code for an amino acid,but Not the correct amino acid.

®Nonsense mutations change amino acid codon into a Stop codon, nearly aiways
ieading to a nonfunctional protein.

DNA Tempiate Strand:3' TAC TTC AAA CC6 ATT S’
MRNA: 5" AUGAAG VLU 6GC VAA 3’
protein: Sop

silent mutation: 3°TAC TTC AAA CCA ATT 5’
v instread of C

——
[Fet oo Here HEW ] ‘Sop

Missense mutation: 3’ TAC TTC AAA TC6 ATT S
A I‘msteado&é

5'AUGAAG VUV AGC vAaA 3’
[Fre] ‘Sor

Nonsense mutation: 3'TAC ATC AAR CC6 ATT S’

v IinSfead of A

5"AUG UAG VLU 66GC vAA 3’

——
ST0P

H Frameshift mutation: aiter e reading frame of genetic message

Lnsertions—additions of nucieotide pairs in a gene
L Deletions — 1055€S of nucieotide pairs in a gene

nsertion: 3°TAC ATTC AAA CCG ATTS’
/E)HYOU
5AVG UARG VUV GGC vAA 3’

——

peietion: 3°TAC TTC AACCG ATT 5
v missing

5'AUG ARG UléGC vap 3’

Cause of Mutations

W SpontaneouS mutations - genetic changes that occur in the absence of mutagens & have
no known cause

L Errors in DNA replication
Ls Toxic Metabolic products : reactive chemicals Such as free radicals
Ly changes in nucieotide Structure

L TransposoNs :SMall segments of ONA that can insert at various Sit€s in the genome. If ey
insert into a gene,they may inactivate the gene.

H Induced mutations— a mutation that arises from exposure of an organism’s DNA t0 &
mutagen (pnysical or chemical)
L higher rote than Spontaneous mutations
Ly chemical agents: cnemical substances,such as benzola) pyrene, a chemical found in  cigarette
Smoke

Lphysical agents: UV Lultravioiet) light & X-rays

W Physical Mutagens

Ls (onizing radiations (ex.) X-rays & gamma rays) — cause deletions or breaks in one or
both DNA strands

Ly Nonionizing radiations (ex.) uv light)

Ay
an
UV lignt & Some chemicals can cause thymine
Pavavavad dimers to form. These dimers produce a kink in tnhe
v light > DNA strand and block ONA replication

EERPYARE

T —— thymine
AR dimer

& Repair Mechanisms

Repair of Mutations

BB Two Components : Defection of damage & Repair of damage

Il DNA repiication is very accurate.ONA polymerase matches bases with high accuracy. it inserts
an incorrect base about ONCe every 100,000 bases

> Repair enzymes remove defective bases and replace them with 4ne correct one.

L> DNA polymerase can proofread its work . DNA polymerase will add a nucieotide oniy it the previous
base pair is correct

@ If the enzyme finds a MiSmatch, it removes the mismarched base

Il ™e nucieotide excision repair (NER) system recognizes different types of damage:
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Gene Regulation & Development in Eukaryotes

B Programmed ceil dedth is highly requiated and essertial part of deveiopment
Ly occurs in botn plants and animais

L Helps fissues and organs take shape

Ly Apopiosis i the mMost common type in animals

@cels that form webbing between toes die )
@ Avout half of neurons die as nervous system is wired

@ Harmful immune cens are eliminated
W Pattern formation is the deveiopment of a spatial organization of tissues and organs. Beqins
in the eary embryo,in animais, with the establishment of the major axes.Positional
information iS the molecular cues that control pattern formation,tells a cell \ts location
reiative +0 the body axes and to neighboring cels
porsal
Right
Anterior posterior

Left
ventral

B Maternal effect geneS —mom’'s qenes effect phenotype
Lynurse cels: dumps mMRNA in egg before fertilization (effects orientation)
L picoid gene affects the front half of the body
® An embryo whose mother has no functional bicoid gene 1acks the front half
of itS body & has duplicare posterior structures ar both ends

@ Bicoid MRNA i$ highly concentrated at the anterior end. After the eqq is
fertilized, the mMRNRA is transiated into Bicoid protein,which diffuses from the
anterior end (a gradient of Bicoid protein)

B Lewis discovered the ‘homeobox (Hox) genes: master control (homeotic) genes that
initiate pattern formation (organs development in specific parts of the body) in late
emoryo, \arva, and adult stages.

L Homebox (Hox) genes quide pattern formation in emboryos — fell the cels of the

body how fo differentiate as the body grows.

B Homeosis i the transformation 0f one organ iNt0 another Via mutation. Homeosis
i5 caused by mutationS in Hox genes.

Hox genes

Hox Proteins

g

B Hox genesS each encode a 180 nucieotide stretch that is transiated into a homeodomain
in the protein ; homeodomains bind different DNA sequences.Hox proteins are franscription
factors that regulate many oiner genes.




B Microevolution is a change in allele frequencies in a popuiation over generations
> THREE Mechanisms cause allele frequency change

@ Natural seiection
@ Genetic Drift (chance events aitering auele frequency
@ Gene flow (transfer of alleles between populations)
L only natural selection causes adaptive evolution (improving the match between organisms
and their environment)
W variation in heritable traits iS a prerequisite for evolution. without genetic variation,evolution
CANNOT occur.
W New genes and alleles can arise by mutation or gene duplication. only mutations in gameies
can b€ passed to 0ffspring.
Ly e effects of point mutations can vary
1) Mutations in noncoding regions of DNA are often harmiess
2.) Mutations to genes can be neutral because of redundancy in genetic code
3.) Mutations that alter tne phenotype are often harmful
4.) Mutations that resutt ina change in protein production can sometimes be beneficial
s puplicated genes can take on new functions by further mutation
@ An ancestral odor-detecting gené has been duplicated many times: Humans have 350
functional copies of the gene
B A populdtion i3 a locatized qroup of individuals capable of interbreeding and producing
fertile offspring.
H A gene pool consiSts of all the aneles for au loci in a population.
W The Hardy-weinberg Principie States that frequencies of alleles and genotypes in a

populdtion remain constant from generation o generation.The Hardy-weinberg principle
describes a population that is NOT evoving.

>Tne frequency of an alele in @ population can be calculated
@8y convention, if #nere are 2 aueles of a locus, p and q are used to represent their
frequencies (example: p represenis A ;q represents g
@ e frequency of all aueles in a population Will add up to 1.
W For example, consider a popuiation of wildflowers that iS incompietely dominant for color
320 red fiowers (cRc®)
160 pink flowers (cR c¥)
20 wnite fiowers (cwcW)
Ly calculate the number of copies of each auele

cR = 00
cW- 200
w Calculate the frequency of each aiele
R __800 . 0.8 (80%)
(800 1200)

cV=1-0.8=0.2(20%)
Ly The sum of aueles is aiways 1

[ Hardté- wellnberg equilibrium  describes the constant frequency of alleles in such
a gene pool.

LyFrom the exampie above, if p (C?) and q(c%) represent +he frequencies of the oniy
tWo PpoSSible alleleS in G populdtion aF a parficular 10cus , then 3 genotypes Will
occur in the following proportions:

P*+2pqt 9% =)
L The frequency of genotypes can be caiculated
CReP: p?= (0.8) = 0.6 = 64%
CRcY=2pq=2(08)(0-2)032=32%
cWev=g: (0.2)- 0.04 = 49
W The (Hardy=weinberg theorem describes a hypo+nerical popuiation that is NOT evowing

B Te five conditions for non-evolving populations are rarely met in nature
1.) No mutations

2.) Random mating (no inbreeding)
3.) No natural seiection (no differences in Survival or reproductive success)

4.)Extremely large popuiation Size (smail population—more bias auele)
5) N0 gene flow

W Three modeS of natural seiection -
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pirectional seiection— favors
individuals at one end of
the phenotypic range

pisruptive selection— favors
individuals at both extremes
of phenotypic range

stapilizing selection—
favors intermediate
variants and acts
against extreme
phenotypes.

W Genetic Drift describeS how allele frequencies fluciuate unpredictably from one
genevation to the next.The smaller a sampie or population,the more likely it iS that
chance alone will cause deviation from a predicted result.“Chance® events aftect
survival and reproduction. 6enetic drift tends to reduce genetic variation through
10555 of alleles,especially in Small populations.

L subtypes: Founder Effect and Bottleneck Effect

] Tht;u fgggﬂer effect occurs wnen a few individuals become isolated from a larger
PO P

> Allele frequencieS in the small founder population can be different from those in the
larger parent populafion du¢ fo chance.
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Il ™e_bottieneck effect can resuit from a drastic reduction in population size due o a Ssudden
environmental change.

By chance, the resuiting gene pool May no longer be reflECtive of the original population’s
gene pool.

L |f the population remains small, it may be further affecred by genetic drift.

= 1f the population recovers, it may not be very genetically diverse.

n
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W Genefic drift is significant in smail populations; alleies can be disproportionately under- or over-
represented in te next generation.

W Gene flow consistS of the movement of aleles among populations

s Allgles can b transferred through the movement of fertile individuals or gametes (ex: polien)

s 6ene flow tends fo veduce genetic variation among populations over time.

W Genetic drift and gene fiow do not consistentiy 1ead to adaptive evolution,as they increase
or decrease +he match between an organism and S environment,
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Muzroevolution & Ghylogeny

[ ] Macroevomﬁon'.biqqer changes that nappen above the level of species (ex:the origin
of moammais or radiation of plants

W Speciation is the process by which one species splits intd two or more species

Il PhylogeNyY iS the evolutionary history of a specieS or group of related Specics

Il Toxonomy is tne ordered division and naming of organisms

l ™e two-part scientific name (Latin) of a species is called a‘binomial

Sy Tne first part of he name iS the ‘genus ! o
s e second part, called the specific epithet,is unique for each Species within the

genus.
TaxonA }Basal taxon —outqroup
Toaxon 8
ANCESTRAL sister taxa— groups that
LINEAGE snare an immediate common

Toxon ¢ ) oncestor

Taxon D

Taxon E

Toxon F

A polytomy is

a branch from
which more than
W0 groups emerge.

Il Phenotypic and genetic Similarties due 10 Shared ancestry are calied homologies.

L3 0rganisms witn Similar morpnoiogies or DNA/profein sequences are likely to be more
closely related than organisms with different Structureg or sequences

[l Phylogenic trees show patterns of descent, N0t pnenotypic similarity

H Phylogenic rees do not generally indicate when a specieS evoived or how much
change occured in a lineage.

B 1+ should not be assumed that a taxon evowved from the taxon next to it (€X: woives|
didn't evoive from coyotes; they both evoived from a common ancestor nat+ was
neither wolf or coyote and no longer exists.)

[l Homology is similarities due to Shared anceStry (close common ancestor)

[ ] nnalogu)is similarities due fo convergent evolution (100K the same but different
ancestor

L convergent evolution 0CCUrS When similar environmerntal pressures and natural
selection produce Similar (analogous) adaptationS in organisms from different
evowtionary lineages.

L5 ANAIOgOUS StructureS or molecular sequences nat evolved independently are aiso
calted homoplasies.

W A clade is a group of species that inciudes an ancestral species and ail its descendants

[l ™e princCipie of maximum parsimony : the tree that requireS the fewest evolutionary

events
example: | 2 3 1 5 3
Anceeties: [C [C A [T |6 |T
species #1:|A [T [C | T |6 | C
species#2: [C [C |T |G |G | T
species#3: |[A |[C [C [T |A|C
1 2 3 3 2 i
i 1 4 3
2 H 3 ¢ s 15
EE S A : 36
¢ 1
CCATGT CCATGT CCATGT
123456 123456 123456
Tree A Tree B Tree C
10 nucleotide 7 nucieotide 10 nucleotide
changes changes changes

Parsimonius Tree: Tree B




