
Serik Sagitov, Chalmers Tekniska H�ogskola, November 23, 20055. Quantitative geneti
sTypes of quantitative traitsmetri
 traits (
ont. data): height, weightmeristi
 traits (dis
rete data): litter size, #bristlesthreshold traits (
ategori
al data): a�e
ted or not5.1 broad sense heritabitily5.2 narrow sense heritabitily5.3 trun
ation sele
tion5.4 resemblan
e between relatives5.1 Broad sense heritabitilyAs a rule a QT is in
uen
ed by many genes (polygenes)ea
h gene exerting relatively small e�e
t
onsiderable environmental variationEx 1: bristle numberFig 9.1, p. 399: D:melanogasterX = number of bristles on 5th abdominal sternitehistogram with N( �X; s2) 
urve, �X = 18:7, s = 2:1phenotypi
 varian
e �2p = Var(X) � (2:1)2
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Phenotypi
 value of an individual: P = M + Egenotype value M = � +G (mean �)environmental deviation E (mean 0)Assumption: independent deviations G and EP = �+G+E, varian
e de
omposition �2p = �2g +�2eBroad sense heritabitily H2 = �2g=�2pAbsen
e of genotype-environment intera
tion:
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AaAAno intera
tion
phenotype value6ttttttttt ������������((((((������((((((PPPPPPE1 E2 E3

aaAaAAintera
tionExamples of environmental e�e
ts:nutritional and 
limati
 fa
tors, maternal e�e
ts
ultural environmentEx 2: estimation of varian
e 
omponents1) estimate �2e observing inbred populations2) �nd �2g + �2e from random-bred populationsThorax length in D:melanogaster (in 0.01 mm)inbred populations �2e = 0:186random-bred populations �2p = 0:366 (= �2g + �2e)�2g = �2p � �2e = 0:180, H2 = 49:2%2



Ex 3: LDL-
holesterol levelHuman Apo-E lo
us binds LDL re
eptor proteinthree 
ommon alleles e2 (0.1), e3 (0.7), e4 (0.2)LDL-
holesterol level in mg LDL�
holdL blood plasmagenot e2e2 e2e3 e2e4 e3e3 e3e4 e4e4freq 0.01 0.14 0.04 0.49 0.28 0.04 sum = 1M 76 90 115 100 110 106 � = 102G �26 �12 13 �2 8 4 �2g = 54:2A �16:8 �9:4 �0:7 �2 6.7 15.4 �2a = 39:2D �9:2 �2:6 13.7 0 1.3 �11:4 �2d = 15:0Broad sense heritabilitygiven �2p = 554:2 
ompute �2e = 500:0, H2 = 0:098High LDL-
hol in
reases risks of 
oronary heart deseasee2e4 genotype is at greatest riske4e4 genotype's 
hildren are at greatest riskBreeding value of a genotypeA = twi
e the average G a
ross possible o�springfa
tor 2: only half of genes 
ome from one parentDominan
e e�e
t D = G� A, whithin lo
us intera
tionP = � + A +D + E5.2 Narrow sense heritabitilyOne lo
us modeltwo alleles A1 and A2 with frequen
ies p and qassuming random mating and HWE3



genotype A1A1 A1A2 A2A2frequen
y p2 2pq q2M �� + a �� + d �� � aG 2q� � 2q2d (q � p)�+ 2pqd �2p�� 2p2dA 2q� (q � p)� �2p�D �2q2d 2pqd �2p2dGenotypi
 values M given around �� = M11+M222do not depend on the allele frequen
y pGenotypi
 deviation G = M � � depends on psin
e population mean � = �� + (p� q)a + 2pqdAverage e�e
t of gene substitutionwhen a randomly 
hosen A1 is repla
ed by A2� = p(a� d) + q(a + d)Breeding value of A1A1 genotypeA11 = 2(pG11 + qG12) = 2q�random mate 
ontributes allele A1 with probability pA and D values are un
orrelatedadditive varian
e �2a = 2pq�2, additive gene e�e
tswhithin lo
us intera
tion 
omponent �2d = (2pqd)2�2g = �2a + �2d, so that �2p = �2a + �2d + �2eNarrow sense heritability h2 = �2a=�2pNarrow heritability h2 is more important than broad H2sin
e parents pass their genes not genotypes
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Ex 3: LDL-
holesterol levelNarrow sense heritability554:2 = 500:0 + 39:2 + 15:0, h2 = 0:071Ex 4: inheritan
e of rare diseasesautosomal disease allele A2 of low frequen
y q � 0assuming �2e = 0Rare re
essive disease: d = a� = 2qa, �2a = 8pq3a2, �2d = 4p2q2a2Low inheritan
e h2 = �2a�2a+�2d = q1+q � 0a�e
ted o�spring 
ome usually from una�e
ted parentsRare dominant disease: d = �a� = 2pa, �2a = 8p3qa2, �2d = 4p2q2a2High inheritan
e h2 = 2 p1+p � 1a�e
ted o�spring have one a�e
ted parentDependen
e on allele frequen
yPhenotypi
 value distribution is a (p2; 2pq; q2) mixtureof three distributions for three genotypesA2A2 A1A2 A1A1 �� = 0, a > 0d < 0{a d 0 a5



Draw two pdf 
urves for phenotypi
 value1) at p = 12 with negative � = d22) at p = 34 with positive � = a2 + 3d8Ex 5: 
oat 
olorationx = proportion of bla
k 
olor on the guinea pig 
oatNormalizing transformationif 0 � x � 1, thenP = ar
sinpx often has near normal distributionFixed environment: P = M and �2p = �2ggenotype x P P � ��A1A1 0.87 68.87 a = 68:87� 61:60 = 7:27A1A2 0.76 60.67 d = 60:67� 61:60 = �0:93A2A2 0.66 54.33 �a = 54:33� 61:60 = �7:27Varian
es as fun
tions of p�2a = �6:92p4 � 40:25p3 � 33:22p2 + 80:39p�2d = 3:46p4 � 6:92p3 + 3:46p2�2g = �3:46p4 � 47:17p3 � 29:76p2 + 80:39pFig 9.15A-C, p. 433: varian
e pro�lesEx 6: 
hromosome inversionsD. pseudoobs
ura : inversions in the 3rd 
hromosomeA1 = standard, A2 = arrowhead 
hromosomesoverdominan
e w11 = 0:47, w12 = 1:00, w22 = 0:62Fig 9.15D, p. 433: varian
e pro�les6



p 0 0.2 0.418 0.8 1� = 0:38� 0:91p 0.38 0.198 0 �0:348 �0:53�2a = 2pq�2 0 0.0125 0 0.0388 0�2d = 0:83(pq)2 0 0.0212 0.049 0.0212 0�2g = �2a + �2d 0 0.0337 0.049 0.06 0h2 = �2a=�2g { 37.1% 0 64.7% {equilibrium frequen
y p̂ = 1�0:621�0:47+1�0:62 = 0:418Fundamental theorem of natural sele
tion:the in
rease in average �tness at any time is theadditive geneti
 varian
e in �tness at that time5.3 Trun
ation sele
tionArti�
ial sele
tion aiming at a 
ertain phenotypi
 valueuse a trun
ation point T for parent sele
tionso that the o�spring of sele
ted parents havephenotypi
 distribution with a desired biasTo estimate heritability 
ompare phenotypi
 mean values� = parent mean before sele
tion�s = mean for sele
ted parents�0 = mean for the o�spring of sele
ted parentsR=S = realized heritabilityS = �s � � sele
tion di�erentialR = �0 � � response to sele
tionPredi
tion equation: R = Sh2 irrespe
tive of T7



Ex 7: seed weightFig 9.6, p. 409: edible beans of the genus PhaseolusP = weight of seed in mg, trun
ation point T = 650� = 403:5, �s = 691:7, �0 = 609:1, RS = 205:6288:2 = 71:3%Ex 8: drosophila bristles2116 5 1818 17 2020 12 1322 3 524 1 parents total 115parents sele
ted 22
2 416 7 1618 17 1320 14 1222 6 324 3 226 2o�spring total 101

Trun
ation sele
tion with T=22verify that � = 19:304, �s = 22:727, �0 = 20:149realized heritability h2 = �0���s�� = 0:8453:423 = 0:247Repeated trun
ation sele
tionSele
tion program over n generations withnew trun
ation points 
hanging in 
ertain dire
tion�0 T0! �s0 h2! �1 T1! �s1 h2! : : : �n�1 Tn�1! �s(n�1) h2! �nS0 = �s0 � �0, R0 = �1 � �0, R0 = S0h2S1 = �s1 � �1, R1 = �2 � �1, R1 = S1h2; : : :8



Total response to sele
tion assuming 
onstant h2�n��0 = R0+R1+ : : :+Rn�1 = (S0+ : : :+Sn�1)h2
umulative sele
tion di�erential Cn = S0 + : : :+ Sn�1Ex 9: body weight in mi
eFig 9.19, p. 445body weight in mi
e plotted against Ctlinearity supports the assumption of 
onstant h2whi
h is usally true for at least ten �rst generationsEx 10: oil 
ontent in 
ornFig 9.4, p. 407: sele
tion for high oil 
ontent in 
orn seedsover 76 generations, �0 = 4:8%, �76 = 18:8%Given that Ct in
reased by 1.1% per generationestimate h2 = 18:8�4:81:1�76 = 0:1685.4 Resemblan
e between relativesAnother 
hara
terisation of h2 via 
omparison ofPo = male o�spring's phenotypi
 valuesPf = father's phenotypi
 valuesRegression linePo = �o + b(Pf � �f) with the slope b = Cov(Po;Pf )Var(Pf )Dialleli
 model negle
ting the environmental 
omponentCov(Po; Pf) = E(Po � Pf)� �2 = pq�2 = 12�2ab = �2a2�2p = h22 9



joint distribution O = a O = d O = �a totalP = a, A1A1 p3 p2q 0 p2P = d, A1A2 p2q pq pq2 2pqP = �a, A2A2 0 pq2 q3 q2total p2 2pq q2 1O�spring and midparent valuePh = 12(Pm + Pf)Cov(Po; Ph) = 12�2a, Var(Ph) = 12�2p, b = h2Ex 11: pupa weightFig 9.2, p.401: pupa weight of 
our beetle(son, father) regression line slope b = 0:11, ĥ2 = 0:22Ex 12: shell breadth in mm in 119 sibships of snailObserved frequen
ies in 119 sibships of snailshell breadth in mm (midparent value, o�spring mean)22 (16.25, 17.73) 11 (23.75, 22.84)31 (18.75, 19.15) 4 (26.25, 23.75)48 (21.25, 20.73) 3 (28.75, 25.42)Sample means and sample varian
es�Ph = 20:26, �Po = 20:18, s2h = 8:18, s2o = 3:31Sample 
ovarian
e= 1118[22 � (16:25� 20:26) � (17:73� 20:18) + : : :+3�(28:75�20:26)�(25:42�20:18)℄ = 5:18Estimated narrow-sense heritability ĥ2 = 5:188:18 = 0:63410



Observed heritabilitiesFig 9.17-18, p. 438-9: animal and plant h2, human H2low heritabilities of �tness related traitsGeneral 
ovarian
e and slopeTable 9.7 p. 436: 
ovarian
es between 
lose relativesCov(X;Y ) = r�2a + u�2d b = (r � u)h2 + uH2r = 2FXYu = FACFBD + FADFBC A B�� �� C D�� ��X Y��� ����� ICoeÆ
ient of 
oan
estry for two individualsFXY = FI = P(IBD genes of hypotheti
al o�spring I)Ex 13: full siblings A BHHHHH�����X Y�� ��ITwo genes in I are IBD if they both 
ome1. from the same grandparent2. from the same 
hromosome of that grandparentFXY = 0:5 � 0:5 = 0:25r = 2 � 0:25 = 0:5u = FAAFBB + FABFBA = 0:5 � 0:5 + 0 � 0 = 0:25Covarian
e and slopeCov(X;Y ) = �2a2 + �2d4 , b = h24 + H2411


