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Stochastic Processes
in Evolution and Genetics
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DNA (Deoxyribonucleic Acid) M
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Transcription ' M
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RNA Transcript
TACTGCCTAGTC GGCGTTCGCCTTAACCGCTGTATT
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Genetic Code ,M

RNA codon table

2nd position

% U | C | A
position position

Phe Ser Tyr CyS Ala: Alanine
U Phe Ser Tyr Cys Arg:Arginine.
Leu | Ser | stop | stop | A | i
Leu Ser StoD Trp Cys:Cysteine

GIn: Glutamine
Glu: Glutamic acid

Leu Pro His Arg
Leu | Pro | His | Arg

C | Leu | Bro | Gin | Arg e
Leu PrO Gln rg lle: Isoleucine
le | Thr | Asn | Ser D

A lle Thr | Asn | Ser
lle Thr | Lys | Arg
Met | Thr | Lys | Arg

Val | Ala | Asp | Gly
G Val | Ala | Asp | Gly

Val | Ala | Glu | Gly
Val | Ala | Glu | Gly

Amino Acids

Met: Methionine
Phe: Phenylalanine
Pro: Proline

Ser: Serine

Thr: Threonine
Trp: Tryptophane
Tyr: Tyrosisne

Val: Valine

HD>P>OCO>OCO>OCIO>OC
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Amino Acid M

Polypeptide Chain

Amino Acid
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Point mutation ,M

@ Protein

,,

Ribosome

Normal
Amino Acids Ala lle Arg Leu Gly Tyr Ser Ala Cys lle His Val Ala lle Arg «=--»
tRNA—IIIIIIIIIIIIIII
anticodon ...CGAUAUUCCGAUCCAAUGUCACGUACGUAUGUGCAUCGAUAUGCG. Protein
mRNA IchAUAlAGGIcUAIGGdUAdAGdGCAIUGdAUAICAdGUAIGcdAUAICGd

5 codons 3

Missense mutation

Amino Acids Ala lle Arg Leu Ala Tyr Ser Ala Cys lle His Val Ala lle Arg ....p
,tRNA—J_J_LJ_J_L_I_J_J__I_J_J__I_LJ_ y
anticodon , ., . CGAUAUUCCGAUCGAAUGUCACGUACGUAUGUGCAUCGAUAUGCG.
MRANA . IGCUAUAIAGdcUAIGIUUAdAGUGCAIUGdAUAICAdGUAIGcuAUAICGcI A

5' codons

N Missense mutation

Nonsense mutation

Ala lle Arg Leu Gly Tyr Ser Ala iLsstop —_—
mA—. L L. L. | L

|
anticodon . . . CGAUAUUCCGAUCCAAUGUCACGUACGAUU

mRNA . . .lccuauaacdcuaccuuadacuccAUGdUAlICACGUAGCUAUACGC. . . g

5" codons

Amino Acids

Protein

\ Nonsense mutation
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DNA Sequencing
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NNACTCATGTGGTGGA TTC CTATCCTG AC AAGTGAT TGCAAACTG GTAACTC TG AG GCAGATAACCAGGG CAAAAAGGTGTATAAG

90 100 120 160 170
TAAAACAAAGC CTAACT TG G/\AG: ;\;’\G;\GI\G;\: AAAGT TC“GT T TTACACA TC T TTATA TGI\AGC/\ GAAGTCCGGAAAATCATTTAAAGAT

180 190 200 210 220 230 240 250 260
TATTCTATTAATGTCCTGTTATATTTGTCATAATCATAAAGTTGTCACAGTATATT TCAAACCAACTGTTTAAAAACAAACTGAAATAAA

\ﬁxzi\)f YWY i A AN ANV ‘/\/\A/\/W vy

290 300 310 320 330 340 350
AAATTTAAA T/\CCC TTATGTAAAATAGGCTTCCCTGGTGGCTCAGGGGTAAAAAACTCGCCCGCCAACGCAGGAGATGTAGAT TTGATCCCT

oo oo oy

360 410
GGGT TAGGA/\GP\TCCCCTGGP\G’\MGG/\}‘\/\TG/\.“\}\/\/\C CACTCTHG TATTCTTGCCTG GGJ’\/\J\TCCC/‘\TGGI\C’\G P\GGMGCGTG GAG G GC
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510
T/\C»\GTCC/\TGGG’\GTCGCA/\A/\G/\GT TG Gr’\CMTGMCT/\ /'\»'\C/\J’\C/'\J".C/\TF\T/\ AAATAACCT TACTC C/\T;\/\TGTCA/\»’\CT TATGTCACAC
fl
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590 600 630
AAATGCAAAGTTCT T/\C/\TCT/\TT}'\/\CT TTTATGGT TAAATATAACCTAATGCACTGTTTTATACAGCAACAACTACT TTTTTATT T TAAA
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670 690
TG GTGA/\/\MAT T/\GTG/\»\CMGAGGGTC TC/\G.’\G'\TGCT/\I\}'\CTTJ’\TG/‘CT TATAAT TAACAAGATGT TAT/\GT TCTAG /\C/\T TTTTG r\TA
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Daskalakis & Roch
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beyond the molecular clock

A=D'(a,c)+D'(b,d)—D'(a,b) - D'(c,d)
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back to Darwin’s finches
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Sato et al.,, PNAS (1999)



genetic variation

Mucleotide position in the control region

L L
[ Wnd M=il
™~ Sh
=K
[ =]
il=
[ = NS ]
M=
Ll |
L o el
[ NE REy]
[ A ]
Lo B0 ol el
[ Nl
[ Mo W]
[ =]
=l o =
Ao
— O
— L
=l = N
— ] =g
L = RN ]

[= s |

0 o0

LA

CGCTCTGTCCCCGEGCCCTGTTCTTA

TC

ST T ol o G o o 1

)

DB N
UL LD DD
R T
AAAAAAAAAAA - Coa e
- NSRILSR S
C e B T HBEBRBBRBEBB -
HEEBEEB « o« o« o« 00 s o -
+ @ @ @ a4 w a oa e .-ﬂh
v T T T T T T T T
P S EHE e s
S T S T o N Y N N N
D -
T A - L
. + [ ¢ + a4
. a + a4 a [
BB
AAAA e
‘[
TTTTTTTTTTT Coae e
NS 3 - s
T = s S [ e B = el R I P R L
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zooming in on populations
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looking backwards in time
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Marjoram & Tavare, Nature Reviews Genetics (2006)



mutations

Rosenberg & Nordborg, Nature Reviews Genetics (2002)



Homologous recombination M

Paternal Chromosome Maternal Chromosome

v DNA replication Crossing Over

Paternal Maternal Crossing over Resulting
recombined
chromosomes
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ancestral recombination graph
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Marjoram & Tavare, Nature Reviews Genetics (2006)



population genomics

Novembre et al., Nature (2008)



