Lecture 11. Theories of molecular evolution. Sequence divergence rates. Rates
corrected for multiple hits.
4.1 Theories of molecular evolution
most mutations are deleterious and quickly removed

Classical theory
natural selection is the major evolutionary foree
predicts little genetic variation
because positive mutations are quickly fixed
Balance theory
most polyvmorphisms due to balanced selection
fails to explain protein electrophoresis results
15-50% of enzyme coding genes are polymaorphic
with two or more widespread alleles
Neutral theory
most polymorphisms are nearly selectively nentral
RGD s a major evolutionary force

Ex 1: heterozygosity and population size
neutral theory prediction for IAM: H % #— AN
j = mutation rate per nucleotide site per generation

Fig 8.2, p. 319: 77 species data do not fit the prediction
variation in i ig lower than expected under neutrality
given the huge variation in EPS

Possible explanations
several evolutionary forees involved
different species - different magnitudes of the forees
incorrectly estimated N,

4.2 Sequence divergence rates
Two homologous sequences
sequence length: Laminoacids. { — 3L nucleotide sites
d — observed nucleotide differences per site, ) < d < 1
D — observed amino acid diff. per site, (1 < D <1
t — divergence time between the homologuos sequences
Parameter estimation problem: using d. ) estimate

nucleotide substitution rate A i).
amino acid replacement rate A ﬂ‘T

k. K — actual mumbers of differences per site



Multiple hits examples
1) obgerved A — C_ full history A =T - G —= C
2) abgerved A — A, full history A = T — A

Fx 2: bacterial gene
Coding region of trpA in two related bacterial strains
K12 (K .coli) and LT2 (Salmonella typhimurium)

diverged ¢ — 80 MY ago (mammalian radiation )

OF0d 004% 004 002 002 002 002 004 00d D02
GTC GCA CCT ATC TTC ATC TGC CCG CCA AAT
Val Ala Pro Tle Phe Tle Cwvs  Pro Pro  Asn
ATC GCGC COG ATC TTC ATC TGC CCOG CCA AAT
Tle Ala Pro Ile Phe Tl Cys Pro Pro Asn
N 5 5
nog* 002 002 o o02%  204% 0 204 004 002 0%F02F  004F
GOC GAT GAC CGAC COTG CTC OGO CAG ATA  GOCC
Ala Asp Asp Asp Len Lea  Arg Gln Ile Ala
GOG GAT GAC GAT CTT CTG CGC CAG GTC GCA
Ala Asp Asp Asp Len Len  Arg Gln Val Ala
S S 5 NS 5
Observed differences: 9 mucleotide, 2 amino acid
I — 60 d ﬂ;‘lﬁf‘. lh Lo 200 2}:“2(‘. .1

Uncorrected estimates of the rates A and A

A=4
\ D

o

|.I

(1.94 - 10 ¥ substitutions per site per vear

063 -10" replacements per site per vear

Substitution and mutation rates
Diffusion approximation prediction of A

A = F#(mutations per gener) x (fixation probability)
AN % ul5) = —=h= (additive selection)

If most substitutions are
deleterious; A decreases with 1V,
advantageous: A increases with N,

|?“~.'E*.11‘[r-;1l substitutions: A = g is independent of N,

Ex 3: diffusion simulations

Fig 8.1, p. 317: neutral substitutions for different p
4N,

average time between substitutions 7

average fixation time



4.3 Rates corrected for multiple hits
Corrected replacement rate
Poisson process model for one amine acid site
replacement number X € Pois{Au) during time u
no reverse mutations for amino acids (20 letters)
Proportion of differences per site
D — +(1xy=0p + - -+ Lxp=op)
E(D)—1- e 2tA Var( D) f["| e zfﬁ.}f. S

Method of moments estimate: D = 1 ¢ *" implies

Y i1 I7)

Corrected replacement rate A

Estimated K: K Inil — D), s =/ D

saturated D — 1 gives K — oo
Ex 2: bacterial gene

K = 0.1053, s, = 0.0745, A = 0.66- 10 "
Markov Chain models
MC ig a stochastic model assuming that

given the current state future is independent of past
Transition rates
To A [ To O To G| To 'l

From A T A TAG N
From C| roa oG Tl
From G| raa | rac Tyl

From T | rra | rro | i
Equilibrium base composition
F = (ma,mp, mg, ) with ma + mo + w7 + 7 = 1
bubstitution rate
A =malrac + rag + rat) + mclrea + reg + ror)
+ma(roa +rec +ror) + T(rTa + Tre 4+ Trg)

Jukes-Cantor maodel
jc|la 1T C G

A o F— (0.25,0.25.0.25,0.25)
T | a oo A= da
Cla oo 0

G la a o



JC genetic distance corrected for multiple changes

; | " Jop 1
E=32In(—2) g =X
e ST FYNE

= dif dis amall

Corrected substitution rate A

saturated o —:‘ when § of sites match by chance

gives kB — o0

Fx 2: bacterial gene
ko~ 0.1674. s = (L0576, A=1.05-10"

Kimura two-parameter model

Transitions are more usual than transversions
transversions: purines { A.G} +— pyrimidines {T.C'}
transitions: 4 +—— G and T +—— C

Kor|A © G OT

A g a 4 F o= (0.250.25,0.25,0.25)
i i i | A=a+28

[ fa el ol

1 i a g

K2P genetic distance
i sin(l — 2P Q) ;In{l — 20
F — differences per site due to transitions

() — p— P — differences per site due to transversions

i

Fx 2: bacterial gene

4 transitions, P .,_:J (0667
A transversions, ) = = = (L0833

: il
b= 01221 4+ 0.0456 = 01677T. A = 1.05 107

Ex 4: transition-transversion ratio

a [ 3 ratio for different sequences:
125 rRNA = 1.75, alpha- and beta globins — 0066
pseudo etaglobing — 2.7, mtDNA — 9.0
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