
Serik Sagitov, Chalmers Tekniska H�ogskola, February 11, 20052. Mutation, migration and seletion2.1 mutation2.2 migration2.3 seletion2.4 diretional diploid seletion2.5 overdominane2.6 other types of seletion2.7 mutation-seletion balaneEvolutionary fores interfering in HWEmutation and migration inrease geneti variationseletion and RGD derease geneti variation2.1 MutationOne lous two alleles model: A wildtype, a mutantforward mutation rate � per generation: A! abakward mutation rate �: a! ATypially � is about10�4 � 10�6 mutations per gene per generationpt = population frequeny of allele A in generation tIrreversible mutationIf � = 0, then pure loss of alleles A eah generationpt = pt�1(1� �) = p0(1� �)t � p0e��tFig 5.1, p. 165: pt ! 0 under mutation pressure�p = �p� inremental frequeny �p = pt � pt�11



Half-life of an alleleThe number of generationstaking to halve the wildtype allele frequenyt0:5 = ln 2� = 0:693� solves equation pt = 0:5 � p0If � = 10�4, the half-life is t0:5 = 6; 930 generationsif � = 10�6, the half-life is t0:5 = 693; 000 generationsEx 1: mutation rate estimationFig 5.3, p. 167: infetion resistane gene in E:oliif the umulative mutation rate �t is small, thenpt � p0(1��t); if moreover p0 � 1, then qt � q0+�tEx 2: transposon deletionD. mauritania, a site with transposon mariner insertionspontaneous deletion at rate � = 0:01: A! aIf, D0 = 1, �nd t needed to reah Rt = 0:05:assuming random mating qt = pRt = 0:224linear approximation qt = 0:01 � t gives t = 23exat formula qt = 1� (0:99)t gives t = 26 generationsReversible mutationIf � > 0 and � > 0, thenthe allele A loss and gain interplay:pt = pt�1(1� �) + qt�1� = pt�1(1� �� �) + ��p = �p(� + �) + �2



Equlibrium frequeny p̂ = ��+� solves �p = 0pt = p̂ + (p0 � p̂)(1� �� �)tFig 5.4, p. 169� = 10�4, � = 10�5, p̂ = 0:091Ex 3: intrahromosomal reombinationSalmonella baterium:swithing between two forms of agelladue to an intrahromosomal reombinationswithing rates are high: � = 8:6 � 10�4, � = 4:7 � 10�3Observed results for two Salmonella ulturest 0 30 700pt 0 0.16 0.85 t 0 388 700pt 1 0.88 0.86Expeted frequenies1: pt = 0:845(1� (0:994)t), p30 = 0:13, p700 = 0:832: pt = 0:845 + 0:155(0:994)t, p388 = 0:86, p700 = 0:85Expeted equlibrium frequeny p̂ = 0:8452.2 MigrationImmigration rate m into a subpopulation= the subpopulation proportion quota fornew immigrants arriving eah generationIf m = 0:05, then 5% of the subpopulation individualshave immigrated during the last generation period3



One-way migrationFig 5.14, p. 190: mainland to island migrationmainland frequenies are �xed p�, q�Island frequenies hangept = (1�m)pt�1 +mp�= fnon-imm. with Ag + fimmigrants with Ag�p = �pm +mp�Convergene to the mainland frequenypt = p� + (1�m)t(p0 � p�) so that pt ! p�Ex 4: migration rate estimationWhite (Georgia) = mainland, blaks (Georgia) = islandgene M S Fya Jka Jsa �sblaks (W.Afria) .474 .172 .000 .693 .117 .090blaks (Georgia) .484 .157 .045 .743 .123 .043whites (Georgia) .507 .279 .422 .536 .002 .000m̂ per generation .035 -.013 .011 -.028 -.005 .071MN data: t = 10, p0 = 0:474, pt = 0:484p� = 0:507, (1�m)10 = 0:507�0:4840:507�0:474, m = 0:035Variation in m̂ is mostly due tounertainty of the origin of blak Amerians andvariablility of gene frequenies aross West AfriaMost reliable is Du�y blood groupssine allele Fya is absent in W. Afria4



Island model of migrationpt = allele A frequenyin a ertain subpopulation�p = allele A frequenyin the metatpopulationonstant over time ����4
����1 ����2

-� n = 4����3
-� ���I���R�������	6? 6?

The same dynamis as with mainland to island migrationpt = (1�m0)pt�1 +m0�p, where m0 = m � nn�1Gene ow eliminates di�erenes among subpopulationspt = �p + (1�m0)t(p0 � �p) so that pt ! �pFig 5.16, p.194evolution similar to reversible mutationdi�erene in rates: m� �2.3 SeletionHaploid seletionAbsolute �tnesses WA, Wa= o�spring numbers for two bateria strains A and aFig 6.1, p. 213: two potential growth ratesCarrying apaity of the habitat is limitedfous on the allele ompetition within a populationrelative �tnesses wA : wa = WA :WawA = 1, wa = 1� s, haploid seletion oeÆient s
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Two potential growth ratesXt = Xt�1WA number of alleles A in generation tYt = Yt�1Wa number of alleles a in generation tAllele frequeniespt = XtXt+Yt , qt = YtXt+Yt odds ratio ptqt = XtYtptqt = pt�1qt�1 (1� s)�1 = p0q0 (1� s)�tpt = p0p0+q0(1�s)tHaploid seletion �p = spq, if s � 0Fixation of the favored allelept ! 1 if s > 0 and pt ! 0 if s < 0 as t!1Estimate s using linear regressionln(ptqt ) = ln(p0q0 )� t ln(1� s) orln(ptqt ) = ln(p0q0 ) + st, if s � 0Ex 5: seletion oeÆient estimationEnzyme 6PGD in E.oli:involved in metabolism of gluonate not riboseTwo alleles RM43A (p) and RM77C (q) ode fortwo allozymes of 6PGD in natural populationsgrowth medium p0 p35 ln(p35q35 )� ln(p0q0 ) ŝgluonate 0.455 0.898 2.36 0.065ribose (ontrol) 0.594 0.587 �0:029 �0:0008Allele RM43A is better �t to the pure gluonate mediaontrol result is not signi�ant6



Diploid seletiongenotype AA Aa aarelative �tness wAA wAa waaThree types of the diploid seletiondiretional seletion:wAA > wAa > waa or wAA < wAa < waaoverdominane: wAa > wAA and wAa > waastabilizing seletion against homozygotesunderdominane: wAa < wAA and wAa < waadisruptional seletion against heterozygotesBiologial omponents of human �tnesssurvival to maturity, mating suess, and fertilityTwo stage life history modeladults ! random mating ! newborns ! adults�tness is proportional to P(Survival to maturity)Genotype frequeniesin adults (D;H;R) and newborns (d, h, r)From newborns to adults survival to maturityD : H : R = dwAA : hwAa : rwaaFrom adults to next generation newbornsrandom mating dnext = p2, hnext = 2pq, rnext = q2Two relations ombinedDnext = p2wAA�w , Hnext = 2pqwAa�w , Rnext = q2waa�wAverage �tness �w = p2wAA + 2pqwAa + q2waais lose to one if seletion is weak7



�p = pq�w (p(wAA � wAa) + q(wAa � waa))2.4 Diretional diploid seletionDiretional seletion favoring allele AwAA = 1, wAa = 1� hs, waa = 1� sdiploid seletion oeÆient s > 0Degree of dominane or heterozygous e�et hh = 0: harmful allele a is reessive in �tnessh = 1: harmful allele a is dominant in �tness0 < h < 1: inomplete dominaneh = 0:5: additive seletion�p = spq(ph + q(1� h)), if s � 0Allele �xation dynamisDiretional seletion eventually �xes the favored alleleFig. 6.3, p. 225: three di�erent urves of allele �xationh = 0, �p = spq2 ln(ptqt ) + 1qt = ln(p0q0 ) + 1q0 + sth = 0:5, �p = s2pq ln(ptqt ) = ln(p0q0 ) + st2h = 1, �p = sp2q ln(ptqt )� 1pt = ln(p0q0 )� 1p0 + stRare diseases: natural seletion eliminatesdominant diseases more e�etively than reessive ones8



Additive seletion is similar to haploid seletionwith haploid seletion oeÆient s2Ex 6: industrial melanismmelani allele A, wildtype allele aFig 3.4, p. 86: if no lihens, then A is a favored dominantmelani moth frequeny: 1% in 1848, 95% in 18981 generation = 1 yearSeletion oeÆient estimationp20+2p0q0 � 0:01, p0 � 0:005 ln(p0q0 )+ 1q0 � �4:291� q250 � 0:95, p50 � 0:776 ln(p50q50 ) + 1q50 � 5:72Solve equation5:72 = �4:29 + 50s to �nd s = 0:20Ex 7: pestiide resistaneUS in 1940's 7% rops lost to insetsnew environment: use of hemial pestiidesUS in 1985 13% rops lost to insetsnatural seletion: 400 pest speies evolved resistaneIf p0 and pt are small, thenh = 0: ln(pt) + 1 = ln(p0) + 1 + st and t = 1s ln( ptp0)h = 0:5: ln(pt) = ln(p0) + st2 and t = 2s ln( ptp0)s = 0:5 pt=p0 = 102 pt=p0 = 104 pt=p0 = 107h = 0 t = 9:2 t = 18:4 t = 32h = 0:5 t = 18:4 t = 36:8 t = 649



2.5 OverdominaneOverdominane favors heterozygoteswAa = 1, wAA = 1� s1, waa = 1� s2�p = pq�w (qs2 � ps1), �w = 1� p2s1 � q2s2Equlibrium frequenies p̂ = s2s1+s2 , q̂ = s1s1+s2Fig 6.4, p.229: equilibrium frequeny p̂ maximizes �wif p = p̂, then d �wdp = 2q̂s2� 2p̂s1 = 0, �wmax = 1� s1s2s1+s2Segregational load L = 1� �wmax = s1s2s1+s2Due to gene segregation �w is always less thantheoretial maximal genotype �tness wAa = 1Equlibrium genotype frequeniesD = 1�s1�w � p̂2, H = 2�w � p̂q̂, R = 1�s2�w � q̂2exess of heterozygotes F = 1� 1�w = � s1s2s1+s2�s1s2Ex 8: sikle-ell anemiaFig 6.5, p. 231: regions in Afria withinidenes of malaria and sikle-ell anemiaGene oding for � hain of hemoglobinA = normal allele, S = anemia alleleRelative �tnesses in Afria regions with malariawAS = 1, wAA = 0:9 (malaria), wSS = 0:2 (anemia)Seletion oeÆients and equilibrium frequeniess1 = 0:1, s2 = 0:8, p̂ = 89 = 0:89, q̂ = 19 = 0:1110



q̂ = 0:11 is lose to the average q aross West Afriaonsiderable variation in q among loal populationsEx 9: multiple alleles seletionWest Afria: S is prevalent, it is found a rare allele Cgenotype AA AS SS AC SC CCpremalarial environment 1.0 1.0 0.2 1.0 0.7 1.0malarial environment w 0.9 1.0 0.2 0.9 0.7 1.3Historial stable equilibrium A : S = 8 : 1, �w = 0:911genotype ratio for new allele AC : SC : CC = 8 : 1 : 0marginal wC = 0:9 � 89 + 0:7 � 19 = 0:878 less than �wFig 6.11, p. 252: �xation of C starts from pC = 0:073Ex 10: rat ontrol in WWIIWarfarin environment: a blood antioagulanttwo alleles S = normal, R = resistant to warfarinRelative �tnesses in two environmentsno warfarin: wSS = 1, wSR = 0:77, wRR = 0:46warfarin: wSS = 0:68, wSR = 1, wRR = 0:37Equlibrium warfarin frequeny q̂ = 0:320:32+0:63 = 0:34after stopping with warfarin how many generationsit takes to go from q0 = q̂ down to qt = 0:01?Additive seletion ase1 : 0:77 : 0:46 � 1 : 0:75 : 0:50 implying s = h = 0:5ln(0:990:01) = ln(0:660:34) + t4, t = 16 generations11



2.6 Other types of seletionUnderdominaneHeterozygote inferiority: wAA > wAa and waa > wAawAa = 1, wAA = 1 + s1, waa = 1 + s2�p = pq�w (ps1 � qs2), �w = 1 + p2s1 + q2s2Fig 6.7, p. 235: three equilibriatwo loally stable equilibria p̂ = 0, p̂ = 1one unstable equilibrium p̂ = s2s1+s2Ex 11: disruptive seletionNorth Amerian laewings (insets): green or browntwo extreme olors provide amouage in two di�erentnihes, but intermediate olor o�ers no protetionThis type of seletion maintains population diversityit might even ause one speies to evolve into twoFrequeny-dependent seletionGenotype �tness dereases with its frequenywAA = 1�  � p2, wAa = 1� 2 � p � q, waa = 1�  � q2 is a positive onstant of proportionality�p = �wpq(q � p)(p2 � pq + q2)Stable equilibrium p̂ = q̂ = 0:5despite heterozygote inferiority in the equilibrium statewAA = waa = 1� 4, wAa = 1� 212



2.7 Mutation-seletion balaneDiretional seletion favoring allele Ainreases p �p = spq[ph + q(1� h)℄Irreversible harmful reurrent mutation of rate �dereases p �p = �p�Combined e�et �p = spq[ph + q(1� h)℄� p�Equilibrium equation: pqh + q2(1� h) = �sEqulibrium frequenies of the harmful alleleq̂ = r�s , if h = 0 q̂ = �hs, if 0< h � 1, p � 1Typially � = 10�5 to 10�6 while s = 10�1 to 10�2h = 1 (dominant disease): q̂ = 10�3 to 10�5h = 0 (reessive disease): q̂ = 3 � 10�2 to 3 � 10�3Fig 6.8, p. 238: let � = 5 � 10�6 and s = 1q̂ = p� = 0:0022 if h = 0 ompare withq̂ = �h = 0:0002 if h = 0:025Ex 12: Huntington diseaseSevere inherited dominant disorder: degeneration ofthe neuromusular system after age 35Mihigan sample frequeny q̂ = 5 � 10�5wAA = 1, wAa = 0:81 due to late onset, waa = 0Estimation of mutation rates in humans�̂ = q̂hs � 10�5 mutations per gene per generation13



Ex 13: ysti �brosisTwo possible explanations of the polymorphism q̂ = 0:02mutation-seletion balane wAA = wAa = 1, waa = 0overdominane wAA < wAa = 1, waa = 0Mutation-seletion balane s = 1, h = 0� = q̂2 = 0:0004 unrealistially high mutation rateOverdominane q̂ = s11+s1 , s1 = 0:02heterozygotes are resistant against typhoid fever2% advantage in heterozygous �tnessMutation loadMutation load = redution in average �tnessaused by reurrent harmful mutationMutation load L = 1� �w for 0 � h � 1, s > 0Haldane-Muller priniple1. if h = 0, then L = � is independent of s2. if h > 0, then L = 2� is independent of s and hThe e�et of deleterious mutation on the meanpopulation �tness depends only on mutation rateand not on severity of mutationsMilder mutations are present at higher frequenywhereas more severe mutations have lower frequeny
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Segregation distortionNon-Mendelian segregationheterozygotes Aa produe a skewed ratio k : (1� k)of A-gametes and a-gametesSegregation distortion without seletionleads to �xation of allele A if k > 0:5Assuming random matingpt = p2t�1 + k2pt�1qt�1, qt = q2t�1 + (1� k)2pt�1qt�1�p = pq(2k � 1) like add. seletion with s2 = 2k � 1Ex 14: segregation distortion hromosomeSD hromosome in D:melanogasterA = SD hromosome, a = wildtype hromosomesegregation ratio = 0:75 : 0:25Seletion against SD hromosomeAA is lethal, wAA = 0, wAa = waa = 1Combined e�et of segregation distortion and seletionpt = 1:5pt�1qt�1 1�wqt = q2t�1 1�w + 0:5pt�1qt�1 1�w�w = 2pq + q2 = q(1 + p)Inremental and equilibrium frequenies�p = p(0:5�p)1+p and p̂ = 0:5
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