Lecture 5. Mutation. Migration and selection.

2.1 Mutation

One locus two alleles model: A wildtyvpe, o matant
forward matation rate g per generation: A — «
backward matation ate v a0 — A

Typically e = abont
10 * — 10 Y mutations per gene per generation

||m = population frequency of allele A in generation

Irreversible mutation

If v =0, then pure loss of alleles A each generation
I T f L ot
= b ) =l ]t A= e

Fig 5.1, p. 165: py — 0 under mutation pressure

|j.;; = —pp incremental frequency Ap = p —

Halflife of an allele
The number of generations

taking to halve the wildtype allele frequency

fos = L'] = M solves equation g = 0.5 oy
{0 = 10 % the hall-life 1= 4, 5 = 6.930 generations

=10 5 the hal-life i= #; 5 = 693, 000 generations

Ex 1: mutation rate estimation
Fig 5.3, p. 167: infection resistance gene in & coli
il the cumalative matation rate g i= =mall, then
ez + it

g =2 g1 — pit); if moreover py &= 1, then g, &= g

Ex 2: transposon deletion

D). manritania, a site with transposon meariner insertion
spontaneons deletion at rate g =001 A — «

I, 2y = 1. find ¢ needed to reach K = 0.05:
assuming random mating g = 1, = 0,224
linear approsimation g = 001 - gives § = 23

" ¥ f 1 [ T4 3 .
exact formuala g, = 1 — [0.99)" pives § = 26 generations

Reversible mutation
e = 0 and = 0, then
the allele A loss and gain interplay

pe=p 1 —p)+g ww=p 11— p—v+wv

Ap=—plu+rv+v




Equlibrivm frequency p = —— solves Ap =10
p=p+(po—p)1 —pu— )

Fig 5.4, p. 169
=10 e =10 " p=0.001

Ex 3: intrachromosomal recombination
Salmonella bacterium:
switching between two forms of fagella
due to an intrachromosomal recombination
switching rates are high: g = 8610 % » =4.7-10 °
Observed results Tor two Salmonella cultares
£ o] an | oo oo ass | oo
pe | 0016 | 0.85 pe | L] 088|086

Expected frequencies

L py = 0.845(1 — (0.994)1), pyy = 0.13, pyyy = 0.83

2 pr = 0.845 + 0.155(0.994)f, pass = 0.86, prgn = 0.85
Expected equlibrivm frequency p = 0.845

2.2 Migration

[tmigration rate e into a =ubpopulation
= the =subpopulation proportion guota fm
new immigrants arriving each generation

[ e = 0,05, then 5% of the subpopulation individuals

have immigrated during the last ceneration period

One-way migration

Fig 514, p. 190: maindand to island migration
mwainland frequencies are fixed p*, g°

[<land frequencies change
=11 —mlp  + mp

= {non-imm. with A} + {immigrants with A}

|_"'-.|r,' = —pnt 4 mlrf|

Convergence to the mainland frequency

.I|| i

pe=p + (1 —m)] (po— p") sothat gy — p°



Izland model of migration

[ 1 ,— 2

p; = allele A frequency NS N
i a certain =ubpopulation J >§< ‘ J n—4

p = allele A frequency - 1

in the metatpopulation {4 '—( 3"

M M

constant over time — —
1 he =ame dvoamices a= with mainland toi=land migration
pe= 1 —m'|py |+ m'p, where ' = m - 1
Gene flow eliminates differences among subpopulations
p=p+ (1 —m") {py— @) sothat p, = p
Fio 5.16, p.194
evolution similar to reversible mutation

difference in rates: m 3 u

2.3 Selection

Haploid selection

Abs=olute fitnesses W4, W,
= oflspring munbers for two bacteria =traing A and «
Fig 6.1, p. 213: two potential growth rates

Carrving capacity of the habitat i= Hmited
foeus on the allele competition within a popualation
relative fitnesses wy - w, = Wy o W,

|rr'_1 =1, w, =1 — & haploid selection coefficient .~'-c|

Two potential crowth rates
X = X Wy number of alleles A in generation
= onummber of alleles o in generation
Y, =Y, W, | { allel o t !

Allele frequencies
X, oy
s s R L S 17
LTI W < I puy @l t
T '}.] o )

Pt = o =

odds ratin & = 2t
it i

|“':1!Jil]i[1 selection Ap = spg, if s = []|

Fixation of the favored allele
po— lils=0and p, = Dils < Dasf — o
Fstimate & usine linear repression
] ]

In(Z) = () — £In{l — 5] or

In() = In{{) + st if s = 0



Diploid selection

stabilizing selection apainst homozy potes
underdominance: w g, < w gy and wy, < w,,

Y T . e g quneer T . e
:l.".’.|.'i.:'.|||. =EECLION ARAIN=1 [elerogy 2obes

Biological component= of hnman iness

survival to maturity, mating =ucees=s, and fertility

['wo stage life history model
TR N | 1% il 1 '1: il FIRAT ST - i1 e
adults — random mating — newhborns — adalts
{5 3 3 | F £ F . 297 A
fitness = proportional to P{Sarvival to maturity)
Lienotype Irequencies

in adults [0, H. R and newborns (d, b, r)
From newhborns to adults survival 1o maturity

D H R =duy g by, g,
From adult= to next generation newhborns

random mating dye = p7) fuen = 200, Tye =
'wo relations combined

‘Ull xl .'"':;IJ.*L- ”” xf 2."”.";.."4_.- ”n” xt r.":%
s itness I|'-'-_I|'|"_|_| £ AP g, rl,':l'f'....

: clo=e 1o one il =election = weak
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