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INTRODUCTION

The basic tools for plant and animal breeders to
improve upon characters of economic importance are
(1) selection and (2) proper breeding system. éausing or
permitting some kinds of individuals to produce more off-
spring than other kinds do 1s known as "Selection®.
Selection modifies the -relative frequencies of the genetic
factors and effects a permanent change in the average genetic
composition of the population. The control on the way in
which the parents are mated defines a breeding system. The
systems of breeding can be broadly grouped into (a) inbreeding
{b) outbreeding end (¢) mating on the basis of phenotypic
appearance, Inbreeding is the mating of individuals which
are more related than the individuals of the population on
an average whereas outbreeding is mating of unrelated indi-
viguals. In inbreeding the relative frequencies of differ-
ent genetic factors in the original population remain
constant, It breaks the population into lines such that
the individuals within & line are as genotypieally alike as
possible and those between lines are genotyplcally as differ-
ent as possible, On the other hand, outbreeding creates
genetic variation by bringing together the genetic poten-
tialities of different individuals involved in the mating.
Mating two individuals on the basis of phenotypic appearance
may be either (i) 1iKe to like, or (il) like to unlike.



Mating like to like means mating big with blg, little with
little, medium with medium, coﬁﬁact with compact, rangy

with rangy, sluggish with sluggish etec. This 1s known as
‘Posgditive Assortative Mating!', Mating like to unlike means
big with small, high with low etc. and is known as "Negative
Assortative Mating" or simply “Disaséortaxive Mating®.

The positive assortative mating has been studied
theoretically by Jennings (1916), Figher (1918) and Wright
(1921). - In the wild animals it has been studied in Blue-Snow
Goosae (Cooch and Beardmore, 1959) and the Aretic Skua
(0'Donald, 1959)., In man, Pearson and Leé (1803) demonstrated
this type of breeding for various characﬁers such as stature
and fore-arm length., ¥Fisgher (1030) argued that this mating
gystem is potentially an important aéent progoting evolution-
ary change., Rendel (1944) found in Drosophila gubobscura

that yellow males tended tc mate with yellow females far
more readily than with females of other genotypes. Breese ]
(1856) studlied the genetic consequences of such a system with
quantitative charscters using Mather's biometrical method
(1948) in the analysis of some specially designed experiments
with Nicotiana rustica.

wright (1921) showed that provided the number of genes
involved is large, positive assortative mating is not likely
to achieve a grester genetic correlation than is obtained
under random mating, In particular he showed that with two
factors the percentage of heterozygosis for a given pair of

aellelomorphs in successive generations form the seriaes
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/2, 3/8, 10/32, 17/84, 29/128 etec., The assumptions involved
in obtaining this result are (1) the two pairs of alleles are
equally numerous, (ii) the population i1s in equilibrium
before the starting of assortative mating and (iii) there 1is
no dominance in either of the factors. It is held by Wright
that assortative mating leads to the greatest diversification
of the population as a whole. It is always accompanied by
selection either in naturé or in livestock breeding. If there
is no s'eleotion, the asgortative mating leads to increased
variability in the population as a whole,

Breese (1956), probably for the first time, studled
the possible corisequences of a gystem of assortative mating
with quantitative characfers considering situations invol-
ving different conditlons of dominance, Experiments were
devised to investigate within a common parental population
changes in heriteble varlation @ffected by essortative mating
as compared with selfing and random mating. The experiments
demonstrated a significant incisase in ths genetic variability
of famlily means under assortative mating compared with that
found under random mating. 3Breese, however, did not take
into account the complex genetical situations like genic
interaction and linkage, but he anticipated that these disturb-
ing factors would retard the process of fixation of the extreme
expression of;h;hmmters involved. The demonstration of the
significant changes in the distribution of heritable variation,
though considared for a single generation of mating, suggested
that assortative mating may profitably have wider use as a



techniquse 1n plant or animal bregding, ospecially where
inbreading methods are 1mpract1;able or undesirasble. Further
assortative mating can gffect divergence within a popﬁlation
and 1f sufficlently strong cen, by itsalf, form a basis for
speciation. From evolutlonary point of view it is, therefore,
a force which provides impetus for divergence and speciation.

In the studies made by Breese (1866), it assumed that the
two allelomorphas of a paiyr of genes have equal frequencies
in the population and that the genus are equal in effect,

Only few. conditions of dominance are studied., The complex
genetlce phenomenon of linkage and genle interaction are
avoided, Various results on first and second rank statistics
though given for aeny finite number of genes, relate to the
case if the assortative mating is resorted to for 4éns genera-
tion only. Further the effects of assortative mating. combined
with selection have not been studieds The object of the |
present 1nva§£;gaxion is, therefore, to discuss some of these
untouched aspects of assortative mating with quantitative ’
characters.

The present study is divided into four chapters. In the
first chapter only one locus with two alleles with given gene
frequency is considered. In the second chapter, the consequen-
ces of any number of genetic faotors, all independent in aetion
and distribution are worked out; whereas in chapter three, the
effects of linkage are conslderéd. In the last chapter, the
effects of positive assortative mating combined with selaction
are investigated.



CHAPTERS-1

Genotypic composition and variation with
one locus segregating

The effects of assortative mating debends upon how
similar are\the' parents to be mated in regard to the character
under study phenotypically. As Wright (1821) suggested it
depends on the %"degree of determination by heridity® and
the phenotypic correlation between the parents, It may be
assumed at the very ocutset that the environmental effects
are negligible so that by resorting to assorative mating,
almost perfect genetic correlation is achievedy This would
allow studies on assortative mating to be made from first
principles. With such an assumption cne can find out the
composition of genotypic intra-mating groups by considering
the genotypes of a population and the particular action of
genes like dominance or epistasis and the particular distrie
bution of genes like independent distribution or linkage.

Consgider a random mating population with one locus
segregating, Let the three genotypes AA, Aa and aa be in
the proportions pa, 2pq and qa respectively where p is the
frequency of gene 'A' and q = (1-p) is that of gene'a', With
regard to dominance we can consider the following three cases:

(1) There iz no dominance so that all the three genotypes

are phenotypleally different.

(11) Gene 'A' is-completely dominant over gene ‘'at

so that AA and Aa are phenotypically elike.
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(111) Gena 'a! is completely deminant over gene 'A!
so that Aa and aa are phenotypically alike,

1.0, dominance in the negative direction.

-

1,1, No dominance

1.11. Genotzpi\c Composition

When there is no dominance, all the three genotypes
are phenotypically recognisably distinct. Therefore, the
tendency to assortative mating will yleld the mating types
with the corresponding frequencles given below:

Mating type Frequency
AA X AA 7 pP
s x An 2pq
ea x aa q@

The proportion of genotype in the next gensration would

be ~ N

AA p.{p+ 1)
2

Aa Pq

aa alq + :
2

This shows that the heterozygosity has decreased by 50%.

1,12 Calculation of means, variances and covariance

Let dp and -d, measure the departure of AA and aa
respectively from the mi&—parent. The frequenclies, mean values

and within family variances for various mating types would be



as given in the table below:

Table 1 -
4 § 4 !
Mating type ) Frequency jParental J Family § within family
jmean value] mean |} variance
i 1 i
A X AR o2 g da 0
2
Aa X Aa . gpq 0 0 ta3
aa x ea q@ ~dg ~dy 0

Therafore, mean of parental mean values (M )
' = Mean of femily means (M)
= (p - q) dge
go that there is no change jn-the mean as a result of assor-
tative mating.

The variance of family means termed ag first rank-

variance is given by
v = dz
x'a, 2pq dg

The mean variance within families termed as second rank
variance is given by
2
2¥a, = pq dg
The total variance is, therefore, given by
\'J = Vit oV
2

= gpg d° % pqdo

= 3pq d2 .



The variance in the parental generation (V) is,
however, 2pq di, go that the effect of assortative mating,
in this case, is to increase the total genetic variations
in sueh a way that the within family variance iz halved.

The covariance between family meang and parental mean

values is given by
AN

. 2
wAOI = qu da

1.2 'A' is completely dominant over ‘a!

1,21 Genptypic compositiont

If 'A' is completely dominant over 'a', AA and Aa are
not phenotypically recognisably distinct. There will be two
intra-mating groups, one comprising of the genotypes AA and
Aa, and another comprising :1;‘ aa only. The tendency to assorta-
tive mating will yleld the following mating types with fraquen-

cles given below 3-

“Mating type Frequency

A x AL p° / (1+q)
AA x As 4p9q/(1+q)
Aa x Aa 4pq? / (1+q)
2a x 8a . q8

The distribution of genotypes in the. next generation

would be
AA p /(1+q)

As 2pq / (1+q)
aa - 2q2 / (1+q)



This shows that the proportion of heterozygotes has
decreased by 2pq2 / (1+q). _In this case, therefore, the

decrease in the heterozygo;is depends on the gene frequency.

1,22 Calculation of Means, Varlances and Covariances

Let dy, hy and -dz measure the departures of AA, Aa
and aa respectively from the mid<parent: The frequencies,
mean values and within family variances for various mating

types would be as given in Table below:

Table 2

b e

Mating type ’gFrequency jParental § Family J within family

jmean velue} mean I wvariance
AA x AA p%/(1+g) - dg . dg 0
AL x Aa ap2q/(1+q) ¥dgthy) #(da*ha) #(dg - hy)?
Aa X Aa 4pg®/(1+q)  hg thy #@g“" i na
as X ea q2 -dgy -dg 0

Therefore, mean of family means is given by

Mp, = (p=q) dg ¢ —%{%— h,

The mean of parental mean values is given by

Mpo = (p=q) dgy + 2pq ha,

2
Thus the mean value has decreased by 323_ h
lvq &

= (decrease in the proportion of
) heterozygotes) x (effect of heterozygote).



The variance of family means is given by

- 3gq-1
W, = pq (3¢ + 1) dﬁ + Pa(1+d-4pq) hi + 2pa3q-1) daba
A (1+q) (1+q)2 (1+q)

The mean variance within families is given by

_ 2 . _pa_ 2 . 2%
szl = . pq d’& <+ +q ha 1+q dah&

The total variance is, therefore, given by

Vap, = Vay v 2Vag

2
2 2 2 2
= (2pq +-T£3- ) &g + / 3pq(1-2pq) - 2P 2 (2q3+2q2-3q+lLZh
(1+q)

4pql{q - p)

The parental variance is, however, obtalned as

2 -
Vap = 204 dy + 2pa(1-2pq) h?2 + 4pq(q = p) dahy

Comparing Va, and Va,, it is found that while the
coefficient of dg has increased, the coefficients of hg and
dghy have decreased. The decrease in the coefficient of hg
is apparent since (2q3 + 2q2 -3¢ + 1) is a positively increas-
ing function of ¢ for admissiblo values of q between O and 1,
The increase in the coefficient of da? is such that the cooffi-
clent of d2 in the within famlly variance is halved whereas
the decrease in the coefficient of hﬁ is such that the
coefficient of ho in the within famlly variance vis.,

Pq _ 2pq(1-2pq)
1+g 2(1+q) (p2+q2)

proportion 1/ 2(2+q) (p2 + ¢®).

is also decreased in the
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‘I;he covariance between family means and parental

mean values 1s given by

H

Vo, © pa(3q + 1) a2+ PAI%a-4pq) ), 2, 2pq/ 2q(1+q)-l_7daha
l+q 1+q - 1+q '

1,3 'a' is completely _Gominant _over ‘'A'

1.31 Genotypic Compositions:

If 'al' is compietely dominant over ‘A , 88 and Aa are
not phenotypically recognisably distinet. 8o there will be
two intra-mating groups, one comprising of the genotypes
Aa and sa, and another comprising of. AA only, The tendency
to assortative mating will yleld the mating types with the

corresponding frequenpies given below i-

i*!aisi‘ng type 'Frequency

AA X AA p°

Aa X Aa 4p2q / (1 + p)

Aa x aa ape® / (1 + p)

. ea x 8a ; q® /(1% p)
The distribution of the genotypes in the next generation
would be |

aA 2p2 /{1+p)
As. 2pq /(1+p)
ag, g/ €X+p),

so that the decrease in the proportion of heterczygotes 1s
obtained as apzq / (1+p), and consequently it dapends on the

gens frequency.



1.32 Calculation of Meana, Variances snd Covariance

Let d4,, hy and -4, measure the departures of AA, Aa
and aa respectively from the mid-parent. The frequencies,
mean values and within family variances for various mating

types are given in the following table.

Table 3

Mat ing typeg Froquency g Parental mean {Family § Within feamily

value fmean § variance
AA x AA pa dg dg 0
Aa x Aa 4p%q/(1+p) hy % n, yas + 3 hﬁ
Aa xea  4pg%/(1%p)  #(ha-dp) #(ng-dg) ¢ (ag+h )2
aa x aa q3/ (1+p) -dgy ~dg 0

Therefore mean of family means is given by’

Moy = (p~-q da*—%-%

Hean of parental mean values is given by

Myo = (p-4q) da+2pqghy

Thus the mean value has decreased by 2P-d hg
1+p
= {(decrease in the proportion of heterozygotes) x (effect
of heterosygota)

The variance of famlly means is given by
( 38p + 1) 1¢p-4 2 2 -
Wa, = Dal3e £ JRalI*p-dpq) 3 _ 2pq(3p-1) g p.

a
1+p (1+p)2 1+p

It may be noted that this expression can simply be obtained



by replacing 'q' by 'p' in the exprassion of first rank
variance given under 1.22 and changing the sign of da.

The mean variance within familles is given by

2 2
aVa; = (pq) dg + pq ha + 2p97

dgh
T ata

The total variance is, therefore, given by

vAl L] 1VA1 + 2VA1

2
= (2pg + _P_‘L) da + [apq( 1-2pq) - 2p7q (ap +2p2 313“‘1)_71"3
(2+p)2

4pq (q-p)
+ Zr2 M1 ¥ d.h
T+p a'tta

Comparing Va, with VAo already given under 1,22, it

is found that while the coefficient of di has increased, the
coefficients of nﬁ and dghg have decreased. The decrease in
the coefficient of hg is apparent since (2p3 + 2p2 - 3p + 1)

is a positively increasing function of p for admissible values
of p between 0 and 1. The increase in the coefficlent of d‘g

is such that the coefficlent of dg in the within family varlance
is halved whereas the decrease in the coefficient of hﬁ is such
that the coefficient of h2 in the within family variance viz.,

Pa_ = 2pq (1 - 2pq)
1+p 2(1+p) (pZ+q?)

is also decreased in the

proportion 1/2(1+p) (p2+q3) .

The covarlance between family means and parental mean

values 1s giveh by
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. pa(3p +1) .2  pq(l +p - 4pq) ,2
a01 1% 75 ha
apq/ 2p (1 + p) -1_7
dghg
1l+p

It may be noted that this expression can simply be
obtained by replacing 'q' by 'p' in the expression of the
covariance between family means and parental mean values given

under section 1,22 and changing the sign of dg.

1.4 Genotypic Composition and Variation after
another round of positive assortative mating

When posgitive asgortative mating is again adopted in
tho progenies of the earlier generation, the following results

under various cases of dominance are obtained:

l1.41., No dominance

1.411 (Genotyplie Composltion

As we have seen under 1,11 the proportions of genotypes

in the earlier generation are

AA pilp+ 1)/ 2
As <]
an qlg + 1) / 2

The tendency to assortative mating in this generation
will yield the mating types with the frequencies as given below:

Mating type Frequency
AA X AA p(p+1) /2
Aa x Aa Pq

aa x sa q{g+l) /2
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The distribution of genotypes in the next generation
would be
A pp+3)/24
Ae pq /2
ea qf{q +3) /4

This shows that the heterozygosity has again decreased
by 50%.

1.412 (Caleculation of means, variances and covariance

Let d, and -dg measure the departure of AA and aa from
the mid-parent. The frequencies, mean values and within family
variances for various mating types are given in the table

baelow:

Table 4

Mating type % Frequency § Parental mean | Family meanj Within

§ value in A7 § in Ap i family
i i i ] _varisnce
AA x AA p(p+l)/2 a, dg 0
Aa X Aa Pq 0 0 $ d§
as xaa a(q+l)/2 ~dg -dg 0

Therefore,

= (p -q) d,
2

It is thus seen that the first rank variance has incresased
from 2pq aﬁ to 3pg da.

2
2¥ag = t pg dg
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The second rank variance is, therefore, halved after
another round of assortatiwa mating.

Therefora, the total varience is given by

Vag = ag + 2V

2
=  3pq daz + % pq 45
= 7 2
5~ Pq dg
as egainst
vAl = lvAl - EVAI
= 2pq dﬁ + pg dg.
=  3pq dssl.2

This shows that again the total genetle variation is
increaged in such a way that the second rank variance is
halved whercas the first rank variance is increased to 3/2 of

its value in the previous generations.

2
Vaio = 3pq 4,

This 1s found to be more than Wpgi.

1,42 A' 1s comgletely dominant over ‘a‘’
1.42]) Genotypic Compositions

As we have seen under sectlon 1,21, the proportions of

genotypes in the resulting populatlon would be

AA p/ (1+q)
Aa 2pq/(1 + q)
aa aqe / (1+q)

The tendency to assortative mating in this generation
will yleld the mating types with the corresponding frequencies
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as given below:-

Mating type Freg usney

AA x  AA - p/ (1L+ q) (1+ 2¢)
AA X As 4 pq / (1l+q)(1+2q)
Aa X Aa 4 pqa / (1+q) (1+ 2q)
aa X aa 2¢2/ (1L+q)

The distribution of genotypes in the next generation
would be

AA pli+tg) / (1+2q)
An 2pq / (1+2q)
aa 3¢2 / (1+2q)

This shows that the proportion of heterogygetes has
dacreased by 2pge / (1+q) (1+2q). Relative to the initial
proportion of heterogygotes the decrease is, howaver, '

4 pge / (1 + 2q).
Writing Hy = 2pq; we have Hy = %%;. and

Hy = Eg.
1+2q
= i1+gq
Alsgo Hz { I+ 25 ) 1!

where H;, measures the heterozygosity in the rth gaeneration,

1.422 Calculation of Means, Variances and Covarlance

Let dy, hy end -dg measure as ususl the departures of
AA, Aa and aa respectively from the mid-parent. The frequencles,
mean values and the within family varlances for various mating
types are glven in the table below:



Table &

Mating type ﬁ Frequency I Parental meanf Family mean) Within
§ value in A3 g in Ag § family

L ¥ } variance
AA X AA P a o
* (I+q) (1+2q) da a
AA x Aa 4pq $(dgtha)  #(dgtha)  3(dg~hg)?
(Tvq) (1+2q)
4pq 2 2
A Aa (hy) (ag)+(h3)
ax T (T hy 2(hy,, 3(dag)+3(hy
2¢° -d -d 0
aa X aa W a . &

From the sbove table the following results are obtained:

MAa = (p-q)dg + 2 pq h, , whereas

1+ 2q
“Al‘ {(p=-q) G, +-m- a 80 that the mean value
hag agaln decreased. .
WA, = (Pai*i6q - 8pq) 2, pal 1 v 29 - 4pg) 2 ,
(1+q) (1+32q) (1+2g)2

EPQ (ﬁq - 4pq - 1) ) da.ha.

(1+q) (1 + 2q)

pq 2, Ppq 2 2pq
V + -
g'hz = T¥g %a 1+ 2q T 1+q) (1+2q

The total variance is then given by

Vag = 1Vag + 3V,

- 2pg(l + 4q) d§+2pq( 1+ 2q2)ha 4pq(3q -~ 1) 4 oaha
(1+ 2q) (1+2q)2 (1+29)

The comparisons of these vdriances with the variances

in the previous generation are made graphically later under

saction 1.6.
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- - 2 -
Vayo = pq( 1+16q-8pq) d§+ pq( 1+2q-4pq) Ko 2pq(3q-1) dghs
(1+q) (1+2q) (1+q)(1+2q) (1+q)

1.43 ‘'a' is coxg_jletely dominant over ‘Al
1.431 Genotyplc composition:

As we have seen esarlier under section 1,31 the proportions

of genotypes in this generation would bhe

AA 2p2 / (1 + p)
Aa 2pq / (1 + p)
aa q / (L+p)

The tendency to assortative mating in this generation
will yleld the matings with the corresponding frequencles as

given bhelows

Mating type Frequency

AA X AA E_E__z
1+p
4p2q
Aa. x Aa
(1+p) (3+2p)
Aa x aa 4pq
(1+p) (1+2p)
aa x aa q

(1+p) (1'+ 2p)
The distribution of genotypes ih the next generation
would be glven by

AA 3ap2 / is2p
Aa 2pq / 1+2p
as q(1+p) / 1+2p

This shows that the proportion of haeterozygotes has
decreased by BP% /(2+p)}(1+2p). Relative to the inktial propor-
tion of heterozygotes of 2pq, the decrease is 4p2q /(1+2p).



20

The recurrence relation for the heterozygosity in this casge,

would bs glven by

Hy = i+p
1 +2p

-~

1,432 Calculation of Means, Varlances and Covariance

Let.-dg, hy and -dg measurs, as usual, the departures of
AA, Aa and aa respectively from the mid-parent. The frequencies,
mean values and within family variances for various mating types

are given in the table below t-

Tabla 6

e

Mating { Frequency ﬁ Parental Mean § B’emlly Mean § Within family

Type 1§ § value™in A1 1 in Ag § variance
2
2p 4 .
ap?q 2 w12
Aa x Aa . hy t hy t dg 2 b3
(1+p) (1+2p) -
4pq
Ao x 8a  (1ep) (vzp) Plha-da) #(h,-dg) $(dgthy)?
88 X aa - a 'da "da_ o

(1+p) (1+2p)

From the above table the following results are obtained:

2
Mo, = (p-q) 4y + £3 ha ,

1+ 2p
whersas
2
MAI = (p"Q) da + - pq hat
1 +9p

This shows that the mean has decreased as expected,



21

pa(1+16p-8pq) 42 , pa(l1+2p-4pq)
(#p) (1#2p) (1 + 2p)2

. Vag = ha

2pq (6p - 4pq - 1) g.p,
(1ep) (1+2p)

It may be noted that this expression can simply be
obtained by replacing q'by'ptin the expression for variance
of family means under ssction 1,422 and changing the sign of

dg- 5

8 a
1+p 1+2p (1+p)(1+2p)

Again this expression can simply be obtained by replac-
ing 'q' by 'p! in the expression for mean variance within
families given under section 1.422 and changing the sign of d,.

The total variance 1s then given by
Va, = 20 (3%4p) 2 Spa(le2p?) \2,4pq(1-2p)

) o dghg
1+ 2p (1 + 2p)@ (1 + 2p)

The covartance between family means in Ao and parental

mean valuas in Aj 1s given by

Pa(1+16p - 8pa)g2 +pall+2p-4pq) n2 _
(2+p) (1+2p) (1+p)(1+2p)

WA]B

2pq(3p - 1)
(1+p)

Again this expression can simply be obtalned by replacing

dahg

'q' by 'p' in the expression for covariance obtained under
section 1.422 and changing the sign of dg.
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1,6 General results for a population assortatively
mated for n gensrations

If positive assgortative mating is again resorted
to in the population already sublected to thie type of mating
for n generations, the following results are obtained under

various cases of dominance.

1,51 No dominsance

1.511 Genotyplec Composition
It can be easily seen by induction that the proportions

of genotypes sfter n generations of positive assortative

mating would be
AA plp +2° - 1) / 2"

An pqa / gh=1 \
aa q (q + 2 1) s 2®

If the positive assortative mating is again adopted
in this generation, the mating types and the corresponding

frequencies would be

Mating type Frequency

AA x AA p(p+21) /20
Aa X Aa pg / gh-1

aa x &8 g(q + 2"-1) / 2B

The distribution of genotypes in the (n + 1)“h genaration
would be as follows:
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AA p(p + 2““‘-1) / 3n+1
Aa pq /2"

+1 m+l
as ql{q + " -1 /2

O
This shows that the heterozygosity has agaln decreased

by 50%. Relative tc the initial random mating population,
the haterozygosity has, however, decreased by

1
21'3*1

( 1-

) per cent. In thig case, therefore, the

recurrence relation for the heterozygosis H is the gsame as

that found under selfing viz.

Hpey = ¢ Hy
The positive assortative mating with no dominance

involved, hence, leads to the same results as those found
under selfing.

1,612 Calculation of Means, Varlances and Covariance

Let dg and -d, measure the departures of AA and aa
raspectively from the mid-parent. The frequencies, mean values
and the within family varlances for various mating types are
given in the following table:
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Table 7

Mating type § Frequency EParentalaMean [Family Mean jWithin
}

fvalue in A,  Jin Ap¢ §family
i 3 : 1 n+l _jvariance
(p +2"-1)
2n
2
Az x Aa oY 0 t a2
ght
n-
8a x 88 alg ¢+ 27~ g4 -4 0
an

Therefore, mean of femily means (Mp,,.)

Mean of parental mean values ( ma,)

= (p -qld, -

Variance of family means is ¢iven by

n+l _
J.VAIH.]_ = { -z'ﬁ:-l—-—& rq } ﬂg whereas,

n
-1 2
Va, = { 2 Pq } da

2!1"2

The increase in the 1st rank variance over the previous generation
therefors,

Mean varliancevithin families 1s given by

Pq 2
2vﬂn+1 = —= dg
ol



2
go that it is decreased by zﬁq d

&

Therefora, the total variance is given by

Vanes = Vaper * 2Vape
n+l_ 2
= 2 1 pq & + = pq dgy
an-l 2
= ( 22- -.-}.-..) Pq dg.
. 2n

Covariance between family means in Ap,j and parental
mean values in Ap 148 given by

o+l y 2
Pq dg

W
An,nel nel
a2

1.62 'A' is completely dominant 'over at

1,521 Genotypic Composition:

Continuing positive assortative mating in eaeh generation,

the proportions of genotypes after n generations would be given
by

{ ) .

AA psl-l»(n-l)q;

i+ nq
As 2pq

l+ng

2
an ge(n + 1)

1+ ngq

If the assortative mating i1s adopted in this generation

also, the mating types and the. corresponding frequencies would
be
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Mating type Fraquenay
2
p /[ 1¥(n-1)qg 7
AA x AA -
(1+ng) / 1#(n+l)q _/
4pq / 1+ (n-1)q _/
AA x Aa
(1+nq) / +(n+l)q _/
4pq®
Aa X Aa pd
(1+nq) / 3+(n+l)q 7/
(n+l) q‘?'
a3 X aa
1+ ngq

The proportions of genotypes in the next generation
would be

AA plivng) / /[ 1e(n+d)q _/

As. 2pg / [ I¥(n+llq 7

aa q%(n+2) / [ 1v(n+l)q _7
Therefore, H .y = 2pg/ /[ i(n+l)q 7 and

Hp = 2pq/ (1l+ng)

This leads to the following recurrence relation for
the heteroszygosity H.

2p Hp

Bpey =

Since the initial heterogygosity Hg = 2pq, we also have

He

n

Hnel
1+ (n+llq
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Unlike the recurrence relation for inbreeding based

on relationship, this recurrence relation is not independent

of gene frequency.

1,622 Calculation of Means, Varlances and Covariance

Let d,, hg and -dy measure as usual, the departures
of AA, Aa and ea respectively from the mid-parent. The
frequencies, mean values and within family varilances for

various mating types are given in the following table 3

Teble 8
Mating | Frequency § Parental Mean {Family mean] Within
type | § value in A {in Anel I family
i aﬁ i } variance
1+(n~1)
AL x AA P[ ‘L7 da dy 0
(1+nq)/ 1+(n+l)q_7
b xae SBLHEDLT jawng) ddgehy)  H(dg-hy)?
(1+nq)/ 1+(n+l)q_/
4pg® 2 ,.2
As x As 2 hy R
(1+nq)/ 1+(n+l)q_/
q®(n + 1)
a8 X asa D ————] -da "'da 0
(1+ ng)

Therefore, mean of family means is given by

M = (p-Q)dy + 2pq h
- a
An+1 1+ (n+l) q &

Mdan of parental mean velues is given by
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2pq h
My = (p-@dda * —F__ by,
1+ ng
2pq°
so that the mean value 15 defreased by . hy
(1+nq) /[ 1+(n+l) g 7/

Compared to the initial population it is decreased by

a2 2
[zpq_ ____LJ ha = 2(n+1) PG
1+(n+l)q 1+ (n+l) q

- Varlance of family means is given by

lvAni-l = P4 /71+(n-1)q ) (l+2(n+1)q ) + 2(n+l)q (1+(n+1)q)j

(1 + ng) [ 1+(n+d)q _7/

da.

« P/1*(n+q - 4pg/
[1+(n+1)q 7%

2pq £ 2¢(n-1)q - 2(p-q) (l¢nq) _7 dahg
(1+nq) /[ 1t(n+l)q 7

Mean varliance within families is given by

{4 P 2
(1+ nq) {1+ (n+llq )
2pq / ¥ (n-1)q _/ in
aa

(1vnq) /[ 1+(n+l)q _/

The total veriance is then given by
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\
VAner © Vaney + 2'ne1

- 2pg / 1+(n+l)2q -7d§_ +2pq Z 1#(n + 1)q - 2pq Jh:?.
a

#+(n+1) g [+ (b)) q T

4 -
palq-p) daha,

1+ (n+l) q

The covariance between family means in Apy] and

parental mean valuas in Ap is given by
I /El*(‘n - 1)q ; E 1+2(n + l)gq g+2q(n+1)§l+(n+1)q;ﬁ

{1+ nq) E le(nel)g g

M [+ 1q - 4pq 7 2
_ na
(1+nq) / 1+(n+l)q _7

YAn o+l

2pg /1 + (n-l)q—(p-q)ég"(zn"'l)q; _/
dehy

(1+nq) / 1+ (n+l) q _/

1,63 'a' is completely dominant over ‘Al

1,531 Genotypic Composition:

Continuing assortative mating in each generation, the
proportions of genotypes in Ap would be
AA (n+1)p2 / (l+np)

-

Aa 2pq / (1+np)

as [ i+(n=1)p 7q / (l+np)
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If the positive assortative mating is adopted in this
generation also, the mating types with the corresponding

frequencies would dbe

Mating t&e Frequeney
2
AA x AA (n+l) p
{l+np)
2
4
Aa x Aa ra

(3+np) / 1+(n+¢l)p 7
Aa x 82 4pq[1+(n—1)p_7ﬂ

(2+np) /[ I+(n+l)p _/

. 2
as x aa o/ 1#(n-1p /7

(1+np) / 1+(n+l)p _/

The proportions of genotypes in Aps+)] would ba

AA {(n+2) };)a
1+(n+l) p
Aa 2pq
i+ (n+l) p
a8 (1 + nplg
1+(n+l) p

In this case the recurrence relation for H is
obtained as
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Hpel = 2 4 Hn

3q+Hn

As usual, this also can be obtalned by replaecing 'p!

by 'q' in the recurrence relation obtained under 1.521.

Hy

Also, now Hpey =
1#(n+l)p

1,632 Calculation of Meangy variances and covariance

Let d5, hg and -dgy measure the departures of AA, Aa
and ea respectively from ‘the mid-parent. The frequencies,
mean values and within family variances for various mating

tyres are given in the rollo,_\y}ng table:

Table 9

b

Mating typel Frequeney { Parental mean [Family mean] Within
| I value in Ap  § 1n Apey I family

| S i {_yariance _
2
AA X AA SmtDp” g dg . 0
i+ np
2 | 2
A8 x An 4P h, thy fdg *%hg
(1+np)/ 1+(n+1)p_7 '
4apg/ 1+(n-1)p |
Aa X aa . P : . -7 thg-fda thg - 4dy  1(dgthy) 2
(1+np)/ 1%(n+l)p_7
 1¥(n-1) ¥
S 1elne -.
as x aa e (n-lp 7 . =Gy ~da o

(1+np)/ 1+(n+l)p /
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Therefore, ean of family means 'is given by

—

2pq h,
T+ (n+l) P

My = (p -qldy + o

Mean of parental mesn values is given by

2
My, = (paldg + —F— g,
i+ np

so that the mean value is decreased by

3paq

‘ — . By
(+np) / 1+ (n + 1) 9_7'

Compared to the 'inltigl population it 1s decreased
,-a/

2(n*l)p‘2q

lvy(n+ 1) p

~ The variance of family means is given by

Vaay ® Pq /(1+(n-1)p)(1+2(n+1)p§+2$n+1)pE1+(p+1)p3 j dg

(+np) / 1#(n+l)p 7

pq[1+(n+l)p-4pq_7

- ! -

[1+(n+1)p _72

2pg /[ 1¥(n-1)p - 2(q-p) (1i¢np) 7
- - d, ha
(L+np) /[ 2+ (ntl) p _7

*

ﬁFN

Mean variance within families 1s given by
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%,

2 1+(n-1)p_/ :
. M e ral S
1+np 1+ (n+l)p (i+np) / 1+(n+l)p 7

Therefore, the total variance is glven by

Vanel = Vaper ¥ 2Yanm)

2pq [1#2(114-1)1} _Zg 2pq / l+(n+l)p - 2pq 7
_ . )

1+(n+l) p [ 1#(n + 1) p 7

2
hf —

4 pqg(p “JQ) dghg
1+(n+l) p

The covarience betwsen family means in Ape} and

parental mean values in Ap is g@ven by

| )
. m /gl-c-(n-l)p)(1~«a(nf1)p§+2(n+1)p§1+(n+1)p§ _/a 2

(l¢np) / 1+ (n+Q)p 7

pa/ 1+ (n+1)p-4pg ./ 2B
a

( )}
(l+qp) ( L+ (n+td) p)

)
_ 2/ 1e(n-Dp - (q-p) E_a*(aml)p) _77 4
(#np) /" ¢ (n+ 1) p 7

aha.

1.6 G hical Studie

It may be observed from the results obtained in the

previous sections, that the variances and covariances in
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a particular generation depend not only on d, measuring the
differsence of effect betwean homozygétes and h ;masuring the

gffact of heterozygote, but also on the gene frequency. This

dependence on the gene frequency ig such that the coefficients

of da, W% and dh all change characteristically from one

statistic to another, excepting that the coefficient of d°

in the first rank vaz;iance i{s the same as that in the covariance,

this being true in each of the dominance situations studled.

Further, the variances and covariances change from ons generation

to another in a significant manner. To study these changes

over the admissible range of values of the ge;le frequency a

set of graphs are shown in Figs.l.61 to 1,67. Since the

case of no dominance is similar to that of selfing and the

case of 'a' dominant over 'A' is Just the complementary to

that of 'A' dominant over 'a', graphs for the case 'A' dominant

over 'a' have only been drawn.
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From the graphs presented before (Figs. 1.61 to 1,67)
the following observations are made.

The coefficient of d® is more in the first rank
variance and covariance than in the second rank variance
(Fig.1.61) for O < p < 1. The difference in the two
coefficients is moré for intermediate values of p, being
maximum at p = 0,4 approximately and less at extreme values
of gene frequency. The coefflicient of h2 is, however, less
in the first rank varliance than in the second rank variance
and covariance (Fig.l1l.62). The difference 1s quite substan-
tial between the two rank variances. The coefficient of h2
in the covariance is more than that in the secongﬁsgriance
for O«<p «< 0.25, but is less than that in the second rank
variance for p » 0.2856. The coefficient of dh 1s positive
in the first rank variance and covariance but negative in
the second rank variance (Fig. 1.63). The coefficient is
more in the covariance than in the first rank variance for
0«p <« 0.5, whereas the order 1is feveraed for p > 0.5, At
p = 0,67 approximately, the dh term vanishes in the first
rank variance and also in the covarisnce. In the second
rank variance, the coefflclient, negative in value, is maximum
for p = 0.7.

The first rank variance increases due to positive
assortative mating, variance in A3 being less than that in Ay
(Fig. 1.64). The increase is very small for values of p less
than 0.2 and g?eater than 0.7. - It is agbstantial for values of
p between 0.35 and 0.6. In the second rank variance the
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situation is, however, reversed, variance in A, being more
than that in Az (Fig. 1.65). The difference increases

rapldly upto p = 0.4 and then .slowly decreases. The covarisnce
WAoo 18 more than the covarience VA—O].‘ (Pig. 1.66). The differ-
enco is almost negligible for values of p leas than 0,25, The
total genet{e variance 1s, however, decreasing from generation
to generation for values of p less than 0.3, but it is increas-
ing from generation to generation for values of p greater

than 0.3 (Pig. 1.67), The decrease or increase from Ao to Ay
is found to be more than that from A; to Ag.
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CHAPTER -~ 1II

Genstic variation with any humber of lpci segregating

Consider a random mating population with two loei,
A-a and B-b, segregating. The nine possible genotypds are
in the proportions as given belows-

AABB - pa? p%

asBb - 2 2 Py
AAbD - »2 a

AaBB - 2Pa g p%
AaBb - 4pa 4 Pp Qp
Aabb - 2 py Gy q%
aabBB = q§ p%

agBb’ - 2q3 p, a
aabb - 2 q%

where P, and py, are respectively the gene frequencies of A
and B and g3 =1l-py4 qp = 1l-py, are respectively those of a and
b, We will assume that the two pai;a 9£ genes are 1ndepe;dent
in action and distribution i.e., there is no epistasis and

linkage, The following four types of dominance situations

can be considered:
(1) No dominance
(i4) 'A' 1g completely dominant over 'a' and there is
no dominance in B-b,
(141) 'A' 15 completely dominant over 'a' and *B' is

completely dominant over 'b', and
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{(iv) 'a' is completely dominant over 'A' and 'B!Y
is completely domifiant over 'b?,

2.1 No_ dominance
In this case, all the nine possible genotypes will

be phenotypically recognisably distinet leading to nine
intra-mating groups, each group consisting of identical
genotypaes. It may be remarked that there will be five intra-
mating groups if we also assume the equality of additive
effecte ¢f the genes as considered by Breese (1956) with an
additional restriction pg = gqg = Pp, = qp = t. The tendency
to positive assortative mating will yleld the mating types
with the corresponding frequencles as given balow :-

¥

Mating t;pe Frequenecy
AABB x AABB pa2 p%
AABD. x AABD 2p§ Ppab
~ AAbBD x AAbD ) pZ o2 H
ASBB x AaBB . 2paaq, P
AaBb x AsBb 4p, qla Py 9
Aabb x Aabb 2Py Qo 9
asBB x eaEB 42 o2
aaBb x aaBb 2¢2 py, ay,
aabb X sabb qg q%

d

2.11 Calculation of Means, Variances and Covariance

Let &y, 4y -d, and -dy, measure tlie departures of AA,
BB, aa and bb respectively from the mid-parent, The frequéncies,
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mean values and within family variances for various mating

types are obtalined as given in the following Stables

Table 10

Mating type} Frequency g Parental Mean | Family Mean} Within

£ { family
R § } ' _{ variance
AREB x AABB p5 12 a .t dy dg + dy 0
2
AABD x AABD 2p2 p qp dg a +a
AADb x AABD 3 q2 d,- & d, - 4 0
. )
ASHB x AeBB 3p q, D5 a, dy, L™
a
__,,/
AaBb x AeBb 4pa 4g Pp 9y 0 0 ida-&id‘a)
2 2
Aabb x Asbb  3p_ q_ qy, -4y, -d, +d
acBB 2 a, - a a
X 83BB  qq By, b~ *a 9 = 4y 0
. 2 2
asBb x aabb 2qg By, U -dg -d, t dy
asbd x asbb g3 q2 ~d,-dy, ~d_-d, 0

The following rasults are obtailned from the above table,

Yoo T Map

Va;, =

= (pg-qz) 43+ ( pp = gy ) 4

2 2
Palg g * Ppap Gy

2p, 9 42 + 2p,ap 45
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In particular, when pg = qu = pp, = qp = % as in Fg
derived from a cross between two true breeding parents,
wa get results identical to those obtained under selfing Fo
with no dominance.
f.6., My = My, = O
Vay = Wap ° %(di*dﬁ)'

2a; = ¢ (2+d)

2,2 'A' is completely dominant over ‘a'’ and
thore is no dominance in B-b,

In this case, the nine possible genotypes can be
assorted phenotypically into six intrs-mating groups as
(1) AABB, AsBB (ii) AABbL, AsBb (iii) AAbb, Aabd (iv) aaBB
(v) aaBb and (vi) aabb, The tendency to positive essortative
mating will yield the maiing types with corresponding

frequencies as given below 3-
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Mating type Frequency
AAEB x AAEB pi Po / Palltqa)py
3 4 2
AABB x A8BEB 4p; 4g Py / Pgl 1""13.)1’1,
- 2 2 2
AsBB x AaEB 4pg g p%‘/ Pall%q5) Py
4
AABb x AABb 4p, p% q%./ 8pall*a, )py, qy
8 2 2
AABD. x AsBb 16p, qa Py ab / 3P,(2*qg) Py qy
AsBb x AaBb 1602 € q% / 2p,(1%q,.) Py qy
AADD X AADD p2 ¢/ p (+ae) o
a Y o al dp
| ‘ 3 4 2
AADD x Asbb 4P, 4, 9y, / Palltq,d a
Agbb x Aabb ap? qﬁ qg / pallvqy) q%
asBB x aaEB qg p%
2
aaBb x aaBb an Py, 9
aabb x aabb 2 q2

where p,( 1“11&_)3712,, 2pg(1%q) ppay and p,(1vqy) q% are the total
frequencies of groups (1), (11) and (111) respectively.

2.21 Calculation of Means, Variances and Covariance

Let d,, &,y hyy -4y and -d, measure the dapartures of
AA, BB, Aa, aa and bb respectively from the mid-parent. The
frequencies, family means, parontal mean values and the

within family vai¥iances of the above mating types are glven



in the following table :-

’ Table 11

Mating type 1§ Frequenoy |} Pamily Msan j Parental Mean] Within family
B } i variasnce

AABB X AABB  ky/k dgt+dy dg+dy 0

ABB x ASEB  4kjk,/k Bathgltdp  #(d thgd+dy  H(dg-hy)?

ASBB x AaBB  4kSkp/k  dhgedy  hvdy 38 + 4n 2
2 2
asBb x aaBb 2k [k dg dg #ay,
2
AABb x AaBb 8k Ky /K #(dgthy) #(a +h) #(dy-hy)Ba?
2
AsBD x AsBD  8K3 k/k  —h] hy i + in Peig2
AADD X AADD kg/k Gg-dy, dg-dy, 0

AGD X Astb  4kgk3 /K Blagthy)-d,  Ha +h)-dy  $(dg-hg)?

8.3 2] 2
@sBB x eaBB  K3k,(142k:)/k dyedy dy - dg 0
. , . 2
asBb x asBb zﬁkg(haxl)/k “dy -a, #a,
K> 3( '
asbb x asbb 1k 142k, )k -d,-dy, -4, ~dp 0

-

Pal14q,)Pra
Whereklz ’:4 4apbb' y By = qa/pa andkgnqb/p.b
a

are introduced to reduce the algebra involved in calculating
variocus statistics.




1VA1 =

] 43
The following results are obtained:

(pg = 9g)d, + 3pg Qahy *(Pb < Qp) G

Pals(39,+1) di + Pada (1%qg-4psq,) 3

( - ) d ¢ + - d
9a’ % e ha (pp = ap’ 4y,
paqe_wq +1) a2+ pq,qa( 1+q,~4pgQg) n2
1+q, (1+qa)§—
B g, 1y + 2Ry 0

l*qa_

Padad? + _fala  p2 . 2 aa dh + pbqbdg

1+qa & 1§qa

By

i+ q 1+q,

2peq.. £ 2q.(3¢q ) -1 _7 e
elda a**"da — agh ¢+ 2pbqbd§

+

1+ qa

—_

#hy
ihy
a5 + &)+ ihz
2, 1 ,3
.ig....dﬁq-*db-r-ﬁ-—ha-t—%-daha

BVAI = *dg*"‘db"‘s 'Je"daha

Therefore,

Val =

Y01 ©

ga2 « 3 +
1,2, 1
2 B¢ ddf 5t * 5 e
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Comparing Vi, and VA we find that the coefficlent
of dg is increased from § to § and the coefficient of d%

is incroased from § to 4 whereas the coefficient of hi is

2
decreased from 3 to g~ ¢

Also when pa = pp, = & and qq = qp =4 the first rank

variance is given by

2.3 'A' 13 completely dominant over fa' and ‘Bt is
completely dominant over "t

In this case, the nine possible geriotypes can be
assorted phenotypicdlly into four intra-mating groups as
(1) AABB, AABD, AsBB, AaBb (ii) AAbb, Aabb (1ii) aaBB, aaBb
and (iv) asbb, In addition if we assume the equality of d
increments there would be three intra-mating groups.u This
situation already congidered by Breese (1956) with additional
restriction py, = qg = Pp = qy = § will not be dealt with here.
The tendency to positive assortative mating will yleld the
mating types with the corrésponding frequencies as given

below 3~



Mating type Frequency
44
AABB x AABB PaPb / PgPbll*ag) (1+qy)
AABB x AARD 4papSay / Papy(1+ag) (1+qp)
3 4
AABB x AsEB 4PalaPy, / PaPpll+q ) (1+qy)
AAEB x AsBb 89295030y / PaPp(1+qa) (14qp)
42 2
AABD x AABb 4paPrdy / PaPplltqgld (14qy)
AABb x AsBB Bpiqapgqb / PaPp(1+qa) (1t+qp)
2 2 ;
AABD x AsBb 16p§qapbqb / papb( 1+qa)(l+qb)
224 )
AsBB x AsEB 4Pad, Py, / PaPplltqy) (1eqy,
AsBB x AsBb 16p2qSpd 1+q, )
PadaPbly / PoPpli+qg) (2+qy
a a2 2 2
AsBb x AaBb 16P.9a Py Qp 7/ PaPpli*qy)(1+qy)
4 4 2
AADD X AADD P qy / P(l%q)qy
3 4 2
AAbb x Aabb 4P, 904y, / P (1%q,)ap
Asbb x Aabb 4520248 / pa(1+q) ¢
asBB x aaBB qug / qub( 1+qy)
aaBB x aaBdb aqp3 3p. (1+q,)
x QPR 5Py, 1%y,
aaBb x aabBb 4q:p%q% / qg_pb( 1+qy,)

aabb x asbb %ie,”
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where pgPy, 1+qa)(1+qb) is the total frequency of the first
intra-mating group, pa(1+qa)q% that of the second and
@pp(1tqy) 1s that of the third,

‘2,31 Calculation of Means, Variances and Covariance

Let da, dp, by, Iy, -d, and -d,, measure the departures
of AA, BB, Aa, Bb, aa and bb respectively from the mid-parent.
The frequencles, famlly means, parental mean values and the

within family variances for the gbove mating types are given

in Table 13,



Table 12
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Mating tyj:e}ﬁ Frequengy

§ Pamily Mean

% Parental Mean § Within family

§ variance

AABB x AABB 1/k
ARBB X AABD 4k, /k
AABB x AgBB 4kj/k

AABB x AeBDb 8kjk,/k

AABD x AABD 4K5/k

AABb x AsHB 8KkiKp/I

MBD x AaBb 16kqka/k

ASEB x AsBB 4K5/k

-

2
AsBB x AaBb 16kjko/k

 hsBb x AsBb 16k7K3/k

AAbD x AAbD @( 143k, ) /K

MDD % Asbb 4Kok,(1+2ky)/k
Aabb x Aabb 4@1:?( 1+2k,) /K
aBB x saBB k3(1+2k,)/k

WD x'eaBb 4kkg( ¥2ky)/k
saBb x aaBb 4k1 kZ(1+3k;)/k

da"'db

avHayeny)

#(a a"'ha) "’db

¥(a_*h +a +h )

datity

tdgthtageh,)

#(dg*hgthy)

*ha"'ab

Hhg+dythy)

$(hy+hy)

dg=dy

# da*ha.) ~dhy
th,~dy
dp-dg

- $Ldp+hy) =dgy

thp~dg

2 i
esbb x aabb k1k8(1+2k1)(1+2k2) -da-dp

3

ag¥dy
agri(dyeny)
#( d a-rh&) *db

#a #hovdythy)

dg*hy

2dgthatdythy)

4 ¥hy) +hy

Batdy, .

hy+H(d, +hy)

0
'l‘(db-hb)a
#a, -hy)?

$(ag-hg)2+
#(dy-n,)2
2
i), +4h]
$(dg-h )2 :
1(dy-hp)
$(d -hg)3e
#(a)+i(n3)
$a wn?
deZainge
#(dy -myy)2
faZeind +
$af+ 412
o

#(dg-hy)2
b 24n]
0

$(a,-n )2

_ gaping

o
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where k = paPp(l+ay)(+ap) / pip2, ki = o / py ana

= qy/Py+ The k's are introduced for simplification of the
algebra, The following results after converting back to

p's and q's are obtalned,

My, = (pg~qaldy * 2DPyqa by + (Ppy-qp)dp + 2Dy by,

2paq 2

¥, (pPa-qgld, + —T&.—- h, + (py-apldy + ZPoib hy
1*q, 1+ qp

ay = PeleBUD | rta(etrge) 2

2
1+gq, (1+q,)
2p,q5(3q,-2) dn (3qy + 1) 2

d b, + b “Ip a2 +

1+ da 1+qb

Ppap{l + qay = 4ppap) h% +  2Ppap{8gy,-1)

2 dbh'b
( i+ qb ) 1+ qb
v, = pegq d§+_2gsg_ha 2024g
2¥a, a e, T dhy
2‘1
* Ppdp Gt il mp? - ZPpdp aphy
1+g
- b
v, ., = PedalSiaty 3 Pada{1*d,-4p d,) n 2
AQl "
149, 1+q,
+« 2Padg/ 2qa(leq,)-17 daha.,.pbquqbﬂ) dﬁ

< qub( l+qh-42] q-b)hba . ZqubZ- 251{( l+qb)-1 _7 d'bhb
1+ dy 1~ qb
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In perticuler, when Py = qa = P, = qp = t as in Fy,
we get -

Mpy = #(ha + hy)
2
1VA1 = '1%' (daz-tdbz) + 1-'.-1'8—(11& -mba) + "'é'(daha+dbhb)

1 .
Vap =3 (daPeal) ¢ F-(n,2en, 2) . F-(dgh +aphy)

B_ (4 24q 2
Vaop = To-(dg tap)+ 1-33-‘-“‘&3*%2) + 2—(d h vdphy)

In this case, the total varlance is given by

2 2 2 a 2
Vay = § (a,%va) ") + =5 (ha +h,“) as against the

parenﬁal varlance

Vao = g 2eaB) « d(ng2 + n?)

It is interesting to note that though each of the first
and second rank variances involve the product term d,h, and
dbhb s the total genetic variance does not. Further, comparing
| VAl ad Va, we find that positive asportative mating with
complete dominance for either of the genes leads to increased
additive genetic varlance, but decreased variance due to
dominance action,

With py = pp, = & and q, = qp = ¥, we £ind that in the
first rank variance the product term disappears and the value
is given by 1Vap = % (452 + &2) +—pr-(h2+n 2),
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2.4 'a' is completely dominant over 'A' and

'B' 45 completely cjxominant over 'b!

In this case, the nine possible genotypes can be
assorted phenotypically into four 1ntra;mat1ng groups as
(1) AaBB, AsBb, aaBB, aaBb (i1) AABB, AABb  (iii) Aabb,
aabb and (iv) AAbb, The tendency to positive agsortativa

mating will yield the mating types with the correspondipg

frequencies as given in Table balow: .



Mating type

AaBB
AaBB

AaBB

aaBB

anBB

AaBb

AaBDh

asBb

AABD
Aabb
Aabb
aabb

AADD

X AsBB

X asBB

X AaBb

x aaBb

X aaBB

X AsBb

X aaBb

X AsBb

X aaBb

X aaBb

x AAEB

X AABD

X AABD

X Aabbd

X aabb

X aabb

x AADD

Freguency
ap2a2p? / (2+pg) qgpp(ltay)

4pa.qg_P% / (1+pg) q py( 1tap)

22

lﬁpaqapgqb /' (1+p,) qapy(1+qy,)

3Paqub3 @, / (1+palq Py (1+qy,)

qipf; / (1+py) qaPy( 1*qy)

Bpaqugqb / (1+p )P, (1+qy)

4q:n%qb / (1+pg)ggPp(ltg,)

2222
16Pod,Pply, /' (1+Py)q Pyl lvay,)

2
16paa3ppa / (1+p,) (I¥qp)agpy

ﬁqu%q% / (1+pg) (1+qy)q py,

4
Pavs / pipb( 1+qy)

4parady / P2p, (1vay,)

422 , 2
4p Py, / PP (1+qy)

2 4 2
4p§qaqb / (1*93) Qa4
2
4paq§q§ / (2+pglq,qy
4.4 2
a9y / (1+pglq ap

2 2

51
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-

. -~

where (1+p;)qapb( 1+qy,) , ngb( 1+qp) and (1+p,) qaq% are the
total frequencies of the intra-mating groups (1), (1i) and

(111) respactively.

2.41 Calculation of Means, Varlances and Covariance

Lot dg» Gpy h,, by, -d4g and -dp measure the departures
of AA, BB, Aa, Bb, aa and bb from the mid-parent. The
frequencies, family means, parental mean values and the
within family varlances for the above mating types are

given in Table 13.
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kpk3(2+k1) (1+2k) /K dg-dyy

. Table 13
L SN
Mating type Frequency Family Mean gz.;:ntglme Witegim&y
ABB x AcHB 4kS / k $hgtdy ho¥d, . paleind
ASBB x asBB 4k / k #(hg-ddedy  B(hg-dg)+a, #(dg+h)3
AsBB x Ae&Bb 16k§k2 / k #(hy+dpthy) ‘hgti(dythy) &dﬁ *&hg
+}(dp~hy)2
AgBB x aabBb ak?_ka / k (hy-d +dythy)  d(hg-d)) #(dat*ha)a
“iapeh,)  +H(dpehy)?
wBB x aaBB K3 / k dp-a, ay-d, 0
aaBB x AsBb Sikokg / K Hhg-dgtdpthy)  Hhg-dy)  H(dgthy)®
HHagthy) i (dp-hy)’
238 x asBb 4K3K, / k #(dpthy ) -dg Hapthp)-d, 3 (dp-hy)?
ASBb x AsBb 16K5IE / k #(hghy) hathy 3a2 + 32
gty
AsBb x agBb mk:;?[kz / k #(hg-d thy) ﬁ(ha-da)mb *(da-rha)a
RS
wBb x asBb 4KGKe / k 3y -dgy hy=dg jafeind
MBB x AABB k(2+k3) / k Qg +dy, dgtdy, 0
MEB x AABL 4kik,(2+k3)/k  dgh(dyety) dati(apthy)  4(dp-hy)°
ASBD x AABb 4kiko(2+ky)/k  dgvdhy dgvhy 3 2
Asbb x Aabb AIGKZ(1+2kp)/k  dhg-dy hy-dy, $a2+3n2
Abb x eabb 4kko(1+2kp)/k  #(ha-dg)-dp ¥ hg-dy)~dy (dg+hy)2
ashb x esbb KJRS(1+2i)/k  =dg-dy -, -4y 0
ADBb x AAbD

d.a"db 0
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whera kzu (l+pa)qapb(l+qb) / ngg. ky = q / Py and
k3 = qp / Py, are introduced to reduce the algebra involved
in ecalculating various statistles,

The following results are obtained after converting

back into p's and q's.

My, = (Pg-qa)da * 2Paly Na *+ (Pp-ap)dp*2Ppap My

2p
ﬁAl = (pa-qgld, ¢ ada hy + (pp=gpidy ¢ 2Py p
s I4pgy 1+qy, 8
+ -
Vay = Palda(3Patl) a4 Pada(1+Ps-4pals) w2

1+ ps (21.11'1;:&)2

2paq.(8p4-1) 3q,*1)
ada(38Py an, Ppdnl3da d%
(1+p,) ( 1+ q)

Ppapll * ap - 4p.qy,) 2pna5. (3q,.- 1)
. b b Pbbhba* Ppipeay, ayby,

(1+ qp)? (1 + qp)

Pad 2 2p
V, = DPga, a2+ _Fala n®4 “Pad; an
2&1 8%y a 1"'138. a 1+pa a

- +pbqba%+._pb_b_ E‘.’b_h_ dyhy

WAO = paqa('?’p *1) g + paqa_( 1 + pa = 415&‘1& ) hﬁ
i
1+ p, 1+ pg
. 2Paqa[ 2pg(l+p,) -1 7 d b, + Ppdp(3ay*1) d%
1+ pa 1+qp

« Polp(3*ay= 4ppap) hba 2Ppp [ 2qp(1+qy) -1 7/
1+ gy 1+ q

Aty

e T ey

T W .
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- In particular with pg = qg = Py, = qp = &

we got |
Map = ¥ (g +hy) -~
Myy = 4 (b, +1Iy)
2.2 1
2
ay =t (at &) + 2(Bend)e FAah -aphy)
- =..§_<dz..a%),._;..(h2+h2)+.;_( -d.h)
Ag) 12 e 75~ (Ha ¥ Bp) + g-{dphy-dgh,

In this case alse all the conclusions drawn in the
previous section (2.3) will hold good, The only change &n
this case is that the.sign of the preduct term dg h, is
changed. -

2.5 Results with any number of locl

The results obtained in the previous as well as in the
present chapters suggest interesting generalisation to any
number of loci. Provided the genes involved are independent in
action and distribution, it has been found that the contri-
bution of each of the genes involved to the means, variances
and covariance depends only on the dominance situation
characteristic of that géne, being uneffected by the dominance
situation of the other genes and further that these centributions
are simply additive. The contribution is alsoc similar in the
form if two genes are exhibiting the same type of dominance,

If each of the genes A-a, B-b, C~¢, «ssseses OcCUrring

respectively, with gene frequenciss pa, ppy Pe ++... in a random
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mating population exhibits no dominance, the positive assortative
mating would result in the following expressions for the first
and second degree statistics.

—

a
e
IVA,_ = Va1 ¥ L 2Palada
3
aVa; = 2;. Pala 9q

where means summation over all genes.

In particular, if positive assortative mating is
resorted to in Fgq, we get

-
—

where D = T d2, as gilen by Mather (1949)
a

If each of the genes involved exhbits complete dominance
in the positive direction, the positive assortative mating in a
random mating population would result in the following express-

ions for variocus first and secord degree statistics.
MAO = %: (pa - qa) dy + g apaqa_ hgy

Mp, = L (pa~qalda + T SPade hy

a « 1l+gq,
Pata{3q,*l) PR
Va; = Y alal=dg a2 + 5 Padg{1+qs-4Paq,) n2




&7
2 Paly ,2 2
2Vap = :-Z:‘ Pada dy + ¥ 228 pS - ¥ 2pady, a b,

+
a Itgy a 1+qg
' a 1""13, 1+Qa

+ E_ —_zpa_Qa [ zq.a( l*Qa)"'l _7 daha

In particular, if the random mating population is an

Fo, we get
Vap = WAy ¢ oV
1
5 g, L + =2-Y a h j
=/_;__2_,§da+lagha 6§aa
/~ 2 _1 2 1
+ 1 —— - —t— d
L "a"éda* 6 éha 6 E aby _/
2 .2 2
= @ E}da.+-§- %_ha

]

§D + -g'_ H, in the notation of Mather (1949).

In this particular case, we can also express the
various second degree statistics in terms of D and H, but
the definition of D would change from one statistic to
another. Thus

Map = D' +qhg¥ vwhere D' = T (4 L ny?

o] a2
a¥ay, = 1 D% + 3 Z— da-3 Ry

and Vpor I B
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CHAPTER III

The Effect 9f Linksge

When two genes are lo¢ated on the same chromosome,
they have a tendency to remain together during the process
of inheritance rather than assort independently of each
other. This tendency is known as "linkage®™. With two gene
pairs A~a and B-b, when the genes come from the same parent
(AABB x asbb) they tend to remain together and enter the
same gamate. The linkage between A and B 4s then said to
bs in ®coupling phase?, whereas if these genes come from
different parents (AAbb x aaBB) they tend to remain apart
and enter different gamates. This is known as ®repulsion
phase® of linkage. The intensity of linkage 1s measured by
p, the probabllity of recombination with which the homologus
chromosomes exchange parts at the time of meiosis or in other
words the probabllity of crossing ovar. '

In the. following discussion we assume that there is
no eplgtatic interaction and that the population is either
a random mating population with pg = gq = py = q = % or it
is an Fy derived from a cross between two true breeding
parents. With the linkage in coupling phase the ten possible

genotypes occur with frequencies as given below.
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Genotype Frequency
AB / 4B 3q?

AB / Ab $vq -~
Ab / Ab p°

AB / @B pq

AB / ab- 3q?

Ab / @B 2

Ab / \é.b +p4q

&8 / aB i $p?

g8 / ab 301

ab / ab 3¢°

where q = (1-p), p being the recombination fraction.
%o consider the following three conditions of dominance:
(1) No dominance o
(41) 'A' 18 completely dominant over 'a' and there is no
dominance in B-b,
(111) 'A' is cOfnpletely dominant over 'a' and 'B' is completely

dominant over 'b',

3.1 No dominence ,

The ten genotypes can be assorted phenotypically
inte nine intra-mating groups since the two genotypes
AB/ab and Ab/eB give the same phenotypic expression of a
double heterozygote., The tendency to positive assortative
mating yields the mating types with frequencies asg given

below.
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v Mating type - Frequency
AB/AD 3 AB/AB $q®

AB/Ab x AB/Ab £Pq

Ab/Ab x Ab/ADL $p°

AB/eB x AB/aB #pq?

AB/ab x AB/ab q4/2(p2*q2)
AB/eB x Ab/=B 2p2q3/2(p>+q2)
Ab/aB x Ab/ab pd/2(p2+q2)
Ab/ab x Ab/ab g

aB/eB x eB/aB ip®

aB/ab x aB/ab $Pq

ab/ab x ab/ab 3q2

3.11 Calculation of Means, Variances and Covariance

Let 4, dy,, -d, and -dp measure the departures of
AA, BB, sa and bb respectively from the mid-parent. The
frequencids, mean values and within family variances are

obtained as given in Table 14.
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Tabla 14

Mating type 'Frequency Parental Means Famlly Means Within family

. - veriance
AB/AB x AB/AB #q° dg+dp dg+dy 0
AB/Ab x AB/Ab #pq dg da td%
Ab/Ab x Ab/Ab 1p° dg-dp dg-dy 0
AB/eB x AB/eB pq ay dp A
AB/eb x AB/ab q3/2(p3+g®) 0 0 #(a2+ad) +
AB/ab x Ab/eB 2p2q3/2(p2+q?) O 0 #a2 + &
Ab/aB x Ab/aB pl/2(p2¢®) 0O 0 #(a+a?)

| - (q=-pldgdp

Ab/ab x Ab/sb tpg ‘ -dy, ~dy, 3
eB/eB x aB/aB 3p° dp-dg dp-dg 0
eB/ab x eB/ab $pq a, -dg #a
ab/ab ® ab/ab $q° -dg-8y, ~dy-dp 0

The following results are obtalned:

MAO = nAl . o 0

VA = Wagy = i-['dgy d% + a(q-p)daﬁb,;7
2

aVa; = $ /a3 +ap+ 2(q-p)? dgdy, 7

Comparing these results with those obtained with no linkege
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(vide 2.1), it is observed that the linkage has no effect
on the méén values but it increases the variances and
covariances. The increase in 1MA1 and WAol 1s, however, more
than that in gVaj. 1t may egain be noticed that these results
are parallel to those obtained by Mather (1249) under selfing
where the definition of D change in the second rank variance
in exactly the same manner as found above.

3.2 'A' is completely dominant over ‘a’ and there is
no dominance in B-b

In this case, the ten possible genotypes ﬁan be assorted
phenotypically into six intra-mating groups as (1) AB/AB,
AB/eB (11) AB/Ab, AB/ab, Ab/aB (1ii) Ab/Ab, Ab/ab (iv) aB/=B
(v) 8B/ab and (vi) ab/ab. The tendency to positivae assortative
mating will yleld the mating types with the corresponding

frequencies as glven below,



Mating type
AB/AB x AB/AB
AB/AB x AB/sB
AB/sB x AB/aB
AB/Ab x AB/Ab
AB/Ab x AB/adb
AB/Ab x Ab/eB
AB/ad x AB/ab
AB/eb x Ab/AB
Ab/aB x Ab/aB
Ab/Ab x Ab/AD
Ab/Ab x Ab/ab
Ab/ab x Ab/ab
aB/eB x aB/aB
aB/ab x aB/ab
ab/adb x ab/eb

_—‘f

Frequency
0%/a(1+p)
paZ/(1+p)
r2q/(1+p)
p2q%/2(1-pq)
pa®/(1-pq)
p5q/(1-pq)
q%/2(1-pq)
p2¢2/(1-pq)
p3/2(1-pq)
p3/4(1+q)
p%q/(1+q)
P2/ (1+q)
ir°

2pq

. 3q2

3.21 Calculation of ﬁeans, Variances and Qovariance

Let dy, dpy h,, -d, and ~-dy measure the departures

of AA, BB, An, 23 and bb respectively from the mld-i;arent.

The frequencies, mean values and within family variaences

are obtained as given in Tabls 156.
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Table 16

iating ty}e Fregquency  Parental Mean Family Mean Within family varliance
B/AB x AB/AB ¢3/4(1+4p) 4 ¢dy ay+dp 0

AB/AB x AB/eB pa/(1+p)  #(dgthy)+dy  #(dgh)+dp  4(8a-hy)?

AB/aB x AB/sB p°q/(1+p) - hy+dy, Bhgtdp 248 + 48

AB/Ab x AB/Ab p2q2/2(1-pq) &, dg #dﬁ

AB/Ab x AB/sb pg3/(li-pg) #(dg*hy) #(dgthg) - (dg-hy)Bedafe
AB/Ab x Ab/aB pSq/(1-pq) $(dgthy) #(dgthy) t(da-hy) 3+~td§ -

‘ # (q-p)ay(da-hy)
|8/ab x aB/eb q872(1-pq)  Hhg #hy #(a2+af) +(q-pldgay
iB/eb x Ab/aB p2¢2/(1-pq) h, . o b ﬁ(dﬁ-ﬁd%)
' —~

Ao/eB x Ab/eB pY/2(1-pq) h, #hg (a3 + dzb)-(q-p)dadb
Ao/Ab x Ab/Ab pS/4(1¢q)  dg-dy dg~dy, o

i/Ab x Ab/ab p2q/(1+q)  #(dathg)-dy  #(dgthy)-dy  +(dg-hy)2

R/eb x Ab/eb pa7/(1%q)  hy-dy #hg-ay $o3ving

B/aB x sB/aB $p° ap-dg dy-dg 0

B/ab x aB/eb 4pq -4, ~da a5

®/sb x ab/ab g’ ~dg-dy, ~dy-d, 0
ﬂ -
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From Table 15 the following results are obtained:

Mpy = Bhy
= 2+pq(3-8pq) -
(2¢+pq)(1-pq)
) 2+ +2(q - p?
- 2 /1 Ll Pq q - P27 _/ .
\ (2+pq) (1-pg)
_ A -mlebpa) 5 [2pa(3-8pq) 7L 2-pal5-6pa) 7,
1 a(2+pq) (1-pg) = 16(2+pq)° (1-pg)®
pq(4-7pq)

h, 2 (g-p)pq
2(2vp) (1-pa) & zepa . 2O

Ve, = 3d2 % 2 + pal3-8Bpa) ;2 P4 (a-7pa)
8%Aj : 2 8(2+pq)(1-pq) 2(2+pq) (1-pa)

dahg

’ K
+ 3 d% «$9-P)" g dp - (q-p)®pq hady,
2 . 2( l-pq)
Thgretgare,

VAJ. = 1VA.1 * 2VA1

= /-g * (3-1;3])([ + 20p2q3)

- /a2 « 3 &
13(2+pq) (1l-pq)

. Z‘ 3 . pa(16-62pq + 62p°q3- 35p°q¢S) ] 2
T T ietaepg)® (1-pg)2
2 L oond
+ #(q-p) (1+2q) dadp + (q-p)p®q (1+5p - 2p7) hadb.
. 2(2+pq) (1-pq)




66

-~

o A= pq(6-5pq) 2., 8-pg(5-6pq) n2

v d
fo1 7 L(ewpq (-pg) | B(avpa) (1-pg)
SR g s e (qopady ¢ 3(q-p) M hadhy
2(2+pq) (1-pq) &7 2(2+p)

It may be obgerved that the mean value MAy, has a
minimum of 4 hy which 1s achieved when the genss are completely
linked (p=0) whereas it takes the value $h, with no linkage
(p = 0.5)’. With intermediete linkage it takes & value greater
than {hy, but less than $h,, Thus the effact of linkage, in
the presence of dominance, is to effect the mean value, the
effect being to reduce the mean value of the previous generatiqn
to a greater oxtent. In this respect, therefore, thé linkage
is reinforcing. the effect of positive assortative mating
in decreasing the mean value. In regard to the total genetic
varience Vaa it may be mbted that the cooffieient of dg
takes a minimum value of § with no linkage and a maximum value
of § with complete linkage (p = 0), and that the coefgt‘igient of
hg has got a minimm value of-j%- with complete linkage and a
ma.z:lm_x_xmor -g-' with no linkege. 8o the effect of linkage is’
to increage the additive genetic variation but to decrease the
dominance action. Considering tho coefficient of d% it is found
that it remains the same as in the case when there 1s no linkage,
which 1s expected sinece there is no dominance in the gene B-b,
The coefficient of h.d,, will vanish for no linkage as well ss
for complete linkage whereas the cosfficlent of dgdy will vanigh
for mo linkage, but would take the value_.g_ when the linkage is
complete. It is also interesting to note that the expressions
for the varlances with complete linkage are given by
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" ode 3
2Va; ¢ 4 (dgvap)? + 3 13
Va, = ¥ (dgvap?+3-Ta
Vag = Fdg ¥ &bﬁa + 1 h%

'i‘hase" results show that when the 11nkage. is complete,
between two palirs of genesy one showing complete dominancge
in the positive direction and the other showing no dominance,
the effect of positive assortative mating is exactly identicsl
to that of selfing. Also, the two pairs of genes act as a
single gene in expressing their ‘additiveﬁ and dominance effects.

3.3 'A' is completely dominant over 'a' and 'B! is
completely dominant over ‘b

In this case, the ten possible genotypes can be
assorted phenotypically into four 1;1tra-mat1hg groups as
(1) AB/AB, AB/Ab, AB/ab, Ab/aB, AB/aB
(1:;)- Ab/Ab, Ab/sb
(111) saB/aB, aB/ab , and
{iv) ab/ab
The tendency to positi‘v'e‘asso[rt‘a.tive mating will yield

the 'ma.t?.ng types with the corresponding frequencies as given

below:
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Mating type B‘reguency

. AB/AB x AB/AB a%/a(2+¢2)
AB/AB x AB/AD peS/(2+¢2)
AB/AB x AB/sB pa3/(2+q2)
AB/AB x AB/ab q4/(2+¢2)
AB/AB x Ab/eB peq2/ (2+q2)
AB/Ab x AB/Ab p%q2/(2+¢%)
AB/Ab x AB/gB 2p2q%/(2+q2%)
4B/Ab x AB/ab 2pa®/(2+q%)
AB/Ab x Ab/eB 2p®q/(2+q2)
AB/sB x AB/aB p2q2/(2+q®)
AB/eB x AB/ab 2pg3/(2+¢%)
AB/sB x Ab/eB . 2p°¢/(2+¢3)
AB/ab x AB/ab o d/(2+¢®)
AB/ab x Ab/eB 2p2q@/(2+¢%)
Ab/eB x Ab/eB pi/(avg®)
Ab/Ab x Ab/AD  p3/a(lvq)
Ab/Ab x Ab/ab p2q/(1%q)
Ab/ab x Ab/ab pq8/(1+q)
2B/aB x eB/aB p3/4(1+q)
aB/eB x &aB/ab p2q/(1+q)
aB/ab x &B/ab pg2/(1+q)
ab/sb x ab/ab 32

3.31 Calculation of Means, Varlances and Covarlance

Let dg, dy, hyy by, -dg and-d;, measure the departures of
AA, BB, Aa, Bb, aa and bb respectively from the mid-parent.
The frequencies, mean values and the within family variances
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for various mating types are obtalned as glven in the following

Tables
| Table 16
Tlating type Frequency Parental Mean Family Mean Within family variance
B/AB x AB/AB q%/4(2+q2) d +qy dgtay, 0
\B/AB x AB/Ab pq3/(2+q%) d +h(dythy) dg+4{dp+hp) $(dy-hp) 2

B/AB x AB/sB pqS/(2+q2) #(dg+hg)+dy $(d +hy ) +dp $(dg-hy)2
\B/AB x AB/ab q%/(2+q%) Hdgthotdp+hy)  ${dg+hg+dy+hy) %(da-ha)aﬁ(db-hb)z*-

#(q-p) (dy-hy) (dp-hy)
B/AB x Ab/eB  p2q2/(2+q%) #(dgthtaphy) Hdgth +ap+hy) 3 (dg-h,)2+i(ap-hy)2-

#(q-p) (dg-hy) (dp-hp)

1B/Ab x AB/Ab p2qB/(2+q®) d_+hy d +ihy 32 + 30

AB/Ab x AB/eB 2p2q3/(2+§) $(dg¥hgtdpthy) #(dytho+dp+hy)  4(dg-hy) 2+ (dp-ty,) 2

AB/Ab x AB/ab 2pqS/(2+q2) #(dgthy)+hy,  #(datha+hy) 1(dg-hg) 2+da+ind +
#(q-p)4, (dg-hy)

IB/Ab x Ab/aB 2p3q/(2+q2) #(dg+hg)+hy  #(dathg+hy) 1(dg-hg) 2"‘*‘1%"*}’%"

#q-pldy(dg-hy)

1B/eB x AB/sB p2q%/(2+q%) hytdy thgtdy, 332 + 303

AB/=B x AB/sb 2pq3/(2+q%) ho+#{dp+hy) #{hg+dp+hy) a2 + %h"g + &(db-hb)a
+ $(q-pldgldy-hy)
1B/eB x Ab/aB 2p3q/(2+q%) hoi(dp+hy)  #(hatdp+hy) 342 « 03 + ‘&(db-hb)z

~#(q-p) da( db_hb)




Table 16 continusd
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Mating type Frequency Parental Mean Family Mean Within family
: - variance
AB/sb x AB/eb q3/(2+q?) hg¥hy, B(hgthy)  paSHRZepaeing +
(Q'p)[ dad‘b +
#(q-p)hghy, 7
AB/sb x Ab/aB 3p2qZ/(2+q2) hgthy #(hgthy) idi*th%%dﬁ*-th%
Ab/eB x Ab/eB pd/(2+q2) hgthy, Bngehy)  paBvndealiednd -
(3-p)/ dpdp+
t(q-p)hahb]
Ab/Ab x Ab/Ab pS/a(l+q) dg-ty, da-dy, 0
Ab/Ab x Ab/ab p3q/(1+q) $(d +hg)-dp  #(dgvha)-ap #(dg-hy)2
Ab/ab x Ab/ab pqz/ (1+q) h,-dy, #hy-dy, tdﬁ&hﬁ
8B/sB x aB/eB pS/4(1+q) d, -da dp-dg 0
BB/BB X aB/ab paQ/(l+QJ i(db“'h'b)'da t’(db“'hb)"da i‘(db-hb)z
&B/ab x B/ab pq3/(1+q) hy-dg hy-dg alerd
ab/ab x ab/ab 3q° -d -8y -d, -y, 0

The followlng results are obtained from the above Table.
= § (hy + Iy)

1+q(3-2pq)

2(1+q)(24q

a)(ha.-i-hb) = 4 /i+

q(5-8q+4q2)-1

2(1+q) (2+¢2)

(hg+hy)
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44q%(7-q) (2+ad) + (1+3q-2pq?) (p*+2q2+pq?)

VA =
ke 4(1+g) (2+q2) a(1vq)2 (2+4¢2)2

(r2 +hb>

-p) (4+q2
q(1+q+3p ) (daha . aghy) + (q~p) (4+g=) dady

a<1+q>ca+q ) 2(2 + q8)

éfplpq (p-0) _ _ (3430 - 2pe®)° _/7 by

2( 2%% ) 2(1+q)3(2+q2)3

2(1+q) (2+q2)

4-p( 3+2q2) (02 +h%) q( l+q+3p2)

4(1&q)(2+q2) 2(1wq)(2+q3)

avAﬂ. = *(dg "'d%) +

daha+dphy,)

w -

/

— (q-P) £ +(q-p)(1-2pq)_7
+ ‘NQ'P) dadb

C2(2 + qa)

.. a(q-p)2(1+p)
- a(a*qé)

Therefore,

_ Bg-p8
Vay g/;. (1+q)(2+q )_/(d + o)

. 2 _ ang3 4 oo 5
. Z(:éb , (B-26q + 66q% - 809° + 84q" - B6q +§jj7?h§+h§)
® 36 (1¢q)2 (2+2)%

)  (1+3q-2pq3)2
(1-pg49%) +(q-p)2(4q°-6q3+4q-1) q-2pq
/ a(aﬁﬁ) ) 2(1+q)2(a+q3) ahp
(q-p) (1+2q+q3) pa(2-93) (q-p)
+ dgdy, +
(2 + ¢9) b (30 (300D

( d&h‘b" hadb) [

A ah WA

e



4+92(7-9) a2 +a2)+ P9 (3-q) .32
B(I*Q)(B*q ( 4(1¥q) (2+q 2)(ha?hb)

¥ao1
+ 9(1+q+3p%) ,(4ah Hphy) + (q-p)(4+q%)

d.d
2(1+q) (2+q2) 2( 2+ o) &

. (2q2-1)(q2+1)+(q-1)(q2‘"1‘3) hghy, -
2(1+q) (2+q2)

q( q-p)(1+q2)
2( 1+q) (2%¢2)

(dghy+hady)

In this case it may be observed that the mean takes
a value of 4 with no linkage and also with complete linkage.
With intermediate linkage, however, the mean is slways reduced.
Examining the total variance, it may be noted that the coefficients
of d§ and hg takes the values & end g— with no linkage and also
with complete linkags. Similar is the case with do and hy,
With intermediate linkage, it is found that the coefficlents
of dg and dta, are greater than 2/3, The coefficient increases
from 0,667to 0-tesas p takes values from 0.60 to 0.19 and
decreases from 0.669-to 0.67 again as p takes values from 0,19
to 0. Similar 1s the case with the coefficient of hi and h%
for intermediate values of p. The expression for the total
genatic varlance when there is complete linkage will reduce
to the form

a
Vap = # (2 + & v 20y +2- (2 4 155+ 3n )

= 4 (a, + ap)? + B(hgemy®

= 8 a2 +& ng®, wnere 4} = dgedy, and hy = hyshy,.

Therefore, from this it can be concluded that when there is
is complete linkage, both the genes will combine together ‘to ac;;;as

a single gene,



CHAPTER - 1V

Effect of Positive Assortastive Mating with Selection

In the previous chapters we have considered the effects
of positive assortative mating without any selection on the
genotypes. In the natural populations, however, assortative
maxing\is almost always accompanied by selection and is then
considered as a force for evolutionary change. In any
prectical breeding programme algo, any sfstem of mating is
combined with selection to achleve maximum genetic improvement,
In this chapter, therefore, we have consideresd the effects
of positive assortative mating combined with selection on
genotypes.

Conslder a larggﬁ;aﬂdom mating population with one
locus A-a (gene frequencies as p and q = 1l-p for A and a
respectively) segregating, B8uppose that the recessiyve individuals
(aa) are entirely eliminated from the population, and that only
the dominants are allowed to mate and reproduce, The proportions
of various ge;otypes in the population before snd after selection
would be as follows 3-

Zygotic proportions

AA Aa aa
Before salection p2 2pq q2
After selection p? 2pq 0

p2+2pq p3+2pq
= p/(l+q) 2q/(1+g) ©



N 74

In the selected population, the positive assortative
mating is resorted to. The results obteined under conditions
of no dominance and complete dominance in the positive direc-

tion are discussed below.

4.1 No dominance

In this case both the gonotypes AA and Aa will be
phenotypic\ally recognisably distinct. The tendency to positive
assortative mating will yield the mating types with the corres-
ponding frequencies as given below:

Mating type Freguency

AA x AA p /(1+q)
Aa x Aa ' eq / (1+q)

4,11 Calculation of Means, Variances and Covariance
Let dg measure the departure of AA from the mid-perent.

The values given in the table below are obtained against. both
the mating types.
Table 17

Mating type § Fraquency j Parental Meany Family Mean yWithin family

§ i 3 jvariance
AA X AA p /(14q) 4, ' dg 0
Aa X Aa 2q/(1+q) 0 o) tdﬁ

The following results are cbtalned:

i

. & -

e a e e, W I — T




8 P 8
MAo = Mpy = e dy, where M,  denotes
the mean of the
parenéal selected
population,
v 2p 2
1 Ay = WAO]. = ", qa d
(1+q)
2
v 8 4
2 Al = 1+ 2 a

Theréfora, the total genetic variance is given by

Vap = Vap * oVay

2
= M2, 3 &
5 :
(1+q) 1+gq
q{(2 + p) di
(1+q)2

The total genetic variance obtained with selection
égainst recessives and positive assortative mating, given }
no dominance, behaves in a significant manner: It is always
greater than '2pg dﬁ, the total genetic variance in the parent-
al generation, but compared with the variance obtained under
positive assortative mating with no selection i.e. 3pq dg,
it is smaller except for values of p nearer to gero. This
varlance increases with p slowly, attains a maximum at
P = 0.4 and decreases thereafter. The affect of positive
aséortative mating combined with selection, in this case,
therefore, is increased genetic variability but the increase

is much less than would be obtained if selection is dropped.
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.

4,2 'A' is completely dominant over ‘a'

In this case both the genotypes AA and Aa will he
phenotypically same, 8o there wlll be only one intra-mating
group. The tendency to assortative mating will yleld the
mating types with the corresponding frequencies as given below:

Mating type Frequency
AA X AA p%/ (1+q)2
AA X Aa 4pa/(1+q)®
Aa x Aa 4q2/(1+q)°

4,21 Caleulation of Means, Variances and Covariance

Let dg and h, measure the departure of AA and Aa
respactively from the mid-parent, The values given in the

following table are obtained sgainst various mating types.

—

Table 18

Mating type % Frequency g Parental Mean %Family Mean {Within family

Y variance
AA x AA pzi/ (1+;)3 a, dg 0"
M xaa  4pg/ (+q)°  #(dgth)  Hdgthy) $(da~he)®
Aa x Aa 4q%/ (1+q)2 h, thg paeind

The following results are obtained:
May = (p-q)dy +2pq hy

8 P 2q
M s F 4 +
AC - lul-q a l"'q ﬁa
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13

o eyt g
2 2 . 2p¥q
s, =22 da * p2q4 by - 7 dahg
(1+q) (1+q) (1¢q)
2 .
2VA1 = ._q._.-. dg.-i- q 5! a- pqa daha
1vq (1eq) (1+q)
Therefore, the total varliance is given by
' 2q(1+q?) . 4
Va, = a2 3 : - pqa dphy
{1vq) @ (1%q) (1%q)
e 2 2
Wapy ° .__22__d? P - s dghgy

(1+q)2 (1+q)S . (1+q)®

In particular when p = q = %,
Mpq = ghy
Ao = $dg +4hy
My, = dag+ 5 4 n,
2 h2 . =8— dghy

VA, = —gl-d*sl a " 27

2Vay = ﬁdﬁ *"‘g"ha - =5- dahy

9
4 2 20 .4 8

Comparing My, with that obtained without selection it
msy be noted that the mean value is larger 1n this case. In
the mean velue without selection there was no dy term and the

coefficient of h, was 4. But in this case we see that the term
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containing d, also is there and that the coefficient of h,

is _g,. Compared with the parent populatign the effoct of
selection with assortative mating 1s to increase the mean value.
In this respect, therefore, it may be desirable to combine
selection always with positive assortative mating to counteract
the depressing effect on the mean value expected under this
type of mating. In regard to the total genetic variance

it can be seen that for the simple case of dg = hy = 1, it

is 32/81 as against 8/9 obtalned when positive assortative
mating is resorted to wlithout any selection and is, therefore,
considerably smaller. Comparyed with the parental variance

of  (obtained by putting dg = hg = 1 in 445 + $52), it is
found to have decreased to almost half of the parental variance.
It is, therefors, concluded that provided the action of a gene
is in the dominant phasé:'gge effect of assortative mating

with selection against recessives is to decrease the total

genetlic variability.



SUMMARY

The effect of positive assortative mating on genetic
varlance and covariance has been studied under varying condi-
tions of dominance. The study deoals separately with the situa-
tions (1) one locus segregating and (i11) any number of loci
segregating; assuming in each case, arbitrary gene frequenciles.
With one locus segregating, the effect of repeated positive
agssortative mating has slgo been dealt with giving general
rasults for a population subject to this type of mating for
'n' generations, The conssquences, if two locl segregating are
linked have also been worked but assuming half as gene frequen-
cles in each case. The effect of selection combined with
positive_assortative mating wliien one locus 18 segregating with
arbltrary gene frequencies has also been investigated.

With one locus segregating and when dominance is not
operating, it is found that while the positive assortative mating
does not dffact the mean value it increases the total genetic
varianc; in such a way that the within family variance 1s halved,
When dominance is operating, the mean value, howsver, decreases.
The total genetic variance in this case, howaver, depends on 'p',
the frequency of dominant allelomorph and decreases or increases
from generation to generation according as 'p?! is less than or
greater than 0.3, The covariance between family means and
parental mean values in successive generations is =lso 2ffectea
only when 'p' is greater than 0.3,

With any numbe® of loel segregating, provided the genes
involved are independent in sctlon and distribution, it has been,
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found that the contributlion of each of the genes involved
to the means, variances and covariance depends only on the
dominance situation characteristlc of that gene, being
unaffected by the dominance situation of the other genes
and further that these econtributions ere simply additive.
The éontribution is algo similar in form if two genes are
exhibiting tﬁe same type of dominancae.

In regard to the‘effect of linkage, when there is
no dominance, it is found that linkage has no effect on the
moan values, but it affacts the varlances and the covariance.
The results in this case are parallel to those obtalned by
Mather (19849) un@er selfing, that is the definition of 'D!
changes in the sécondj;ank variance., In the presence of
domfnance, hﬁwavar;wzge effeét of linkage is to reduce the
mean value of the previous generation to a greater aextent,
When the linkage is complete, betwsen two peirs of genes,
oné of which shows comyla;e dominance in the positive direc-
tion while the other shows no dominance, the two linked -
genés act as a single gene in expregsing their additive and
dominance effaects, but the effect of po§1t1ve assortative
mating on genetic varliebility is not the same as found
with one loeys gegregating, but is that as found under
selfing. When both the genes show complete dominance in
positive direction, and the linkage 1is complete, the two
genes act as a single gens and the effect of positive
assortative mating is now the same as found with one locus

segregating.
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In the absence of dominance, the effect of positive
assortative mating combined with selection sgainst recessives
is found to increase the genetic variability but the increase
is much less than would be obtained if selection is dropped.
In the presence of dominance in positive dirsction, however,
it is found that the effect of positive assortative mating
with selection against recessives is to increase the mean
value, but to decrease the total genetic variability to a
considerable extent.
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