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INTRODUCTION

AND

REVIEW OF LITERATURE

The resemblance between re la tives i s  one o f the basic 

genetic phenomena displayed, by metric characters# and the 

degree o f resemblance Is a property of* the character, that 

can be determined by re la tiv e ly  simple measurements made on 

the population without special experimental technique# The 

degree o f resemblance provides the means o f estimating the 

amount o f additive genetic variance, and i t  i s  the propor

tionate amount o f additive variance ( i . e . ,  h er ita b ility ) 

that ch ie fly  determines the best breeding method to  be used 

f o r  improvement.

Genetic correlation  between re la tives gives a consistent 

measure o f resemblance between them and hence can fin d  a lo t  

o f application in  genetic basis o f se lection . The correlation  

between common re la tives such as f u l l  sib  or parent-off spring 

takes a value o f half and the correlation  between h a lf-s ib s  
takes a value o f one fourth under an equilibrium random 

mating population. But when regular systems o f inbreeding 

i s  practiced, the correlation  co e ffic ie n t  between the relatives 
increases with the degree o f inbreeding.

D ifferent authors have proposed apparently very d ifferen t 

methods o f obtaining the genotypic correlations between 
re la tives under d ifferen t inbred systems. One among them is



2

a straightforward but long procedure by which the absolute 

frequencies of the various combinations of the stated 

re la tives  in the general population are f i r s t  found out 

and then the correlation  is  calculated from such a 

'corre la tion  ta b le '. The correlation  between fu l l -s ib s  

under d ifferen t generations of fu l l - s ib  mating system have 

been obtained by Li ('Population G enetics', Page*119) by 

such a long process. The procedure of obtaining the 

frequencies o f uncle-nephew or f i r s t  cousin combinations 

is  entirely  too tedious even with the help of matrix 

notations (Hogben, 1933). Thus the algebraic methods 
become cumbersome when u sed 'for the more complex or irregular 

inbreeding systems or fo r  more than one pair o f genes.

An entirely d ifferen t technique developed by Wright 

(1921) u t i l is e s  the concept o f path coe ffic ie n ts . This 
method gives the required correlation  co e ffic ie n t  almost 

instantly, once' the relationship is  specified , but does 

. not give us any information about the frequencies of the . 

Various combinations of the re la tives in  the population. 

Moreover, one has to be fam iliar with the mathematical 

therems concerning the path co e ffic ie n ts  before he can use 

them to derive the required correlations. The factors 
defined by Fisher are precisely  the same as the path 
co e ffic ie n ts  defined by Wright.

The fu l l  sp ecifica tion  of a l l  the properties of 
populations which have undergone a sp ecified  number of



generations o f inbreeding according to some system of 

consanguineous mating has not been made by any of the 

above authors.

Fisher (19^9) developed a generation matrix theory 

by which a ll  the properties can, with .su ffic ien t labour, 

be elucidated. The method provides a simple and f le x ib le  

method o f working out the frequencies of d ifferen t types 

o f mating under regular systems of inbreeding. The method 

was f i r s t  presented in  the litera tu re  apparently by B a r t le tt^  

and Haldane. Though the progress towards heterozygosis 

f o r  sex-linked character was studied by Fisher and HsJdane 

(1937, 1955), they gave only a general treatment of the 
subject.

Kempthome (1955) calculated the correlation  of 

parent-offspring pairs and fu l l - s ib  pairs in  generations 

of fu l l - s ib  mating by making use of the generation matrix 

theory. Horner (1956) worked out the correlation  of 

parent-offspring pairs and fu l ls ib  pairs in  generations of 

parent-offspring mating. But both these workers delt with
-V;

autosomal genes only. Korde ( i 960) worked out the correlation  
between relatives fo r  a sex-linked character under fu l l - s ib  

mating by making use of the generation matrix theory.

The generation matrix method is  based on the prim itive 
concepts o f the genotype and the resu lts of Mendelian - 
segregation. The method gives the mating types in an
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arbitrary generation arising from an arbitrary population by 

a regular system of inbreeding. I f  the frequencies o f  mating 

types are arranged as a column matrix, say ,j£ , and generations 

are denoted by subscripts in parenthesis, then » Â f^ ^
where A is  the generation matrix. Hence i t  fo llow s that

f ( n ) a  An f ^
«—  <f%j — *

This shows, that the frequencies in the n generation can be

worked out i f  one knows the matrix A as well as the in it ia l  

vector f ^ ^ .  By th is  method the Joint d istribution  o f pairs 

o f .re la t iv e s  at any generation o f a sp ecified  system./ o f 

mating.and thus the correlation  i s  worked out d irectly  from 

the two-way table o f the re la tives, known as the "correlation  

ta b le ".

The method o f stochastic process and it s  fin a l reduction 

to some basic matrices, introduced by Li and Sacks (1954), 

under the name I.T .O . method, provides the. frequencies o f  

various relative  pairs and their correlation  in  a very simple 

manner. This method is  restricted  to a single locus with 
two a lle le s , under random mating.

The stochastic matrices, I ,  T and 0 are matrices ofr  IV  (S/

conditional p roba b ilities . From these three basic matrices 

the matrix o f conditional probabilities  fo r  b ilin ea l or 
uriilineal relatives can be worked out. Using them "the 

correlation  table" and the correlation  between relatives 
can be easily  worked out.
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Even.though Fisher* Haldane and Li derived the generation 

matrix fo r  fu l l - s ib  mating with sex-linked genes, i t  i s  in 

fa c t  Korde and George who made use o f th is  generation matrix 

technique in studying the inbreeding system*- George (1974) 

conducted a detailed study o f parent—o ff  spring and f u l l—sib 

correlations separately under fu l l - s ib  mating and parent- 

o f f  spring mating systems, both fo r  autosomal as \irell as 

sex-linked genes# Two methods v iz* , the I.T.O  method, 

employing stochastic matrices, as well as generation matrix 
methodology, have been studied* The I.T.O method applicable 

to the single locus with two a lle le s  i s  extended to multiple 

a lle le  case under random mating. Further, he found that in  

general, the I.T.O method is  not applicable to inbred 

populations. However, fo r  autosomal genes and in  the case 
of parent-offspring mating system, the jo in t  d istrib u tion .o f 

the parent-off spring relationship could be expressed In terms 

o f T and F (su itably defined) matrices. In the case o f 

sex-linked genes the I.T.O method was found to be applicable 

fo r  finding the jo in t  distribution  and correlation  co e ffic ie n t  

fo r  brother -  brother and father-son relationships, both fo r  

fu l l - s ib  as well as parent-off spring mating system. Further, 

a general theory fo r  obtaining the correlation  between one 

p^arent and k offspring as well as the correlation  between 
both the parents and k offspring under a given system of 

mating have been developed ooth fo r  autosomal as well as 
see-linked genes.
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All these authors confined to the two systems of inbreeding 

namely fu l l - s ib  mating and parent-off spring mating, fo r  

autosomal as weil as sex-linked characters* Inspite o f the 

fa c t  that the rate o f increase in  homozygosis is  fa s ter  in  

fu l l - s ib  mating than in h a lf-s ib  mating, fu l l -s ib s  are not 

available in large numbers and sometimes may not be available 

at a l l .  In livestock  in which a great number o f females may 

be mated to one s ire , h a lf-s ib  mating is  perhaps the most 

rapid practica l method o f fix in g  characters, fo r  the rate o f  

Increase in homozygosis i s  fa ir ly  rapid.

H alf-sibs are individuals having one parent in common 

and the other parent d ifferen t. A group; o f h a lf-s ib s  is  

therefore the progeny o f one individual mated to a random group 

of the other sex and having one offspring by each mate.

As the generation matrix in  the case o f h a lf-s ib s  (is _ 

not easily  possible, a detailed study o f  the derivation o f the 
jo in t d istribution  of h a lf-s ib  pairs and the correlations 

therefrom has not been conducted so fa r . However, Li, in  his

book en titled  ’ Population Genetics, (1956)* have established a
\

general formula to determine the correlation  coefficlient 

between d ifferen t re la tive  pairs such as fu l l - s ib s ,  parent 
and offspring, h a lf-s ib s  in d ifferent generations o f the 

sp ecified  mating system, from the corresponding inbreeding 
co e ff ic ie n t . I t  i s  as given belowS

m .  1 * * F" ( 1 )
4 (1 + F»)
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where
F = inbreeding co e ffic ie n t in  the n generation

"ttlF1= inbreeding coe ffic ien t in the (n-1) generation
F,! = inbreeding coe ffic ien t in  the (n -2 )th generation 

and m = correlation  coe ffic ien t in the n generation.

The inbreeding co e ffic ie n t  in the d ifferen t generations 
of h a lf-s ib  mating can be obtained using the recurrence 

relation
p _ 1  (1+6F* + F")   (2)
* “  8

established by Li, by using path method. Thus by using the 
relationships (1) and (2 ), Li could obtain the correlation  

co e ffic ie n ts  between h a lf-s ib  pairs (paternal) in d ifferent 

generations of h a lf-s ib  mating, d irectly . As fo r  the numerical 
values of the correlation  co e ffic ie n t  the method i s  quite 

simple; but i t  does not give any information, about the absolute 

frequencies o f  the h a lf-s ib  mating types and th e ir  jo in t 
d istribution  in the d ifferent generations o f h a lf-s ib  mating.

An attempt has been made by George (1979) to study the 

h a lf-s ib  and parent-offspring correlations under the f i r s t  

three generations of h a lf-s ib  mating, in the autosomal gene 

case, assuming single locus with two a lle le s . The correlation  

tables of h a lf-s ib  pairs have been derived from f i r s t  princip les 
while the jo in t d istribution  of parent-offspring pairs qre 

obtained by the generation matrix technique. Further, he 

proposed a general theory fo r  obtaining th e . correlations 
between both the parents and k offspring as well as the



correlations between one of the parent and. k offspring, in 

the autosomal gene case. The corresponding results in  the 

sex-linked gene case have not been delt with*

* In th is  thesis, an attempt is  made to extend the resu lts 

obtained by George (1979) to the fourth generation of h a lf- 

sib mating and hence generalise the result fo r  the n 

generation of h a lf-s ib  mating. An attempt is  also made to 

extend th is theory- to the case, o f sex-linked genes, single 

locus with two a lle le s . The study is  divided into two 

chapters, v iz . ,  Chapter I and Chapter 2. Chapter. 1 concerns 

with autosomal genes -  the study of h a lf-s ib  correlations, 

one parent-one offspring correlations, .both the parents -  

several offspring correlations, and one parent -  several 

.offspring correlations i s  made under d ifferen t sections. In 

Chapter 2 , a study of correlations o f the various types of 
h a lf-s ib  pairs and parent-off spring pairs, assuming sex-linked

a
genes,is delt with.

8
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CHAPTER 1 

AUTOSOMAL GENES

.1,1 CORRELATION BETWEEN HALF-SIB PAIRS UNDER HALF-SIB MATING

A number o f systems o f mating between h a lf-s ib s  may be 

derived. Here we consider only the simplest system o f one 

male mated with an in fin ite  number o f h is h a lf-s is te rs , who

are also h a lf-s is te rs  to each other (F ig .1 ) As the generation
\

matrix fo r  h a lf-s ib  mating system is  not available, the Joint 

distributions between h a lf-s ib : pairs are-derived d irectly  from 

the f i r s t  princip les.

FlGj : -f. . riALIZ ANJ3 HIS UAi_F-
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The jo in t  distribution  of h a lf-s ib  pairs under'random 

mating can be obtained as follow s. Consider a single locus 

with two a lle le s  A-a with proportion p and q respectively.

Here the constitution of the male can be AA, Aa or aa. Let 

the male be AA. Nov/ the proportion o f the h a lf-s ib  pairs 

can be obtained considering the mating between a male to his

h a lf-s is te rs , who are also h alf-s isters to one another as
2 2AA (p AA + 2pqAa + ^ aa) = pAA + qAa ■

Let the male be Aa, then the proportion o f the h a lf-s ib s  can

be obtained as
? OAa (p AA + 2pqAa + q aa) = & pAA + iAa + iqaa

Again, le t  the male be aa, then the proportion of h a lf-s ib s

can be obtained as
2 2 aa (p AA + 2pq Aa + q aa) = p Aa + q aa

combining a ll these three cases we get the table o f proportion

of h a lf-s ib s  fo r  the d ifferent constitutions o f  the male as
given in table 1.1

Table 1 .1

H alf-sibs 
AA Aa aa

AA
(P2) P q 0

Males Aa
( 2pq) ip i  iq
aa
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Now considering a ll the h a lf-s ib  pairs under each male we 

get the follow ing table 1.2
Table 1.2

C AA, AAJ C AA, AaK AA, aa) C Aa, AA) t Aa, AaM Aa, aa) Ua, AA)( aa, Aa) { aa,"aa)

AA ■

(P2) p2 pq 0 pq 2Q 0 0 0 0

Aq
( 2pq)

ip 2 ip ipq ip i4 iq ipq iq iq 2

aa
U 2)

0 0 0 * 0 P2 pq 0 pq' 2q

Hence the jo in t  d istribution  of h a lf-s ib  pairs under random
mating can be obtained by pooling the corresponding pairs by

2 2weighting with p , 2pq and q according as the male is  AA, Aa 

and aa respectively , as shown in table  1 .3

Table 1.3
Correlation table of h a lf-s ib  pairs und£r random mating.

H alf-sib 1

AA Aa aa Total

AA ip 3(l+p) &p2qCl+2a) ip 2q2 p2

H alf-sib 2Aa ip 2q(l+ 2p) ipq(l+4pq) £pq2(1 + 2q) 2pq

aa £p2q2 ■ Jpq2(l + 2q) iq^ (l + q) q2

Total p2 2pq q2 1
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The correlation  co e ffic ie n t between h a lf-s ib s  under 

random mating can be obtained d irectly  from the table by 

using the product moment correlation  co e ffic ie n t  formula as

r g  = 4  ~ 0 • 25 (1*1)

The jo in t d istribution  o f h a lf-s ib  pairs under the f i r s t

generation of h a lf-s ib  mating can be obtained d irectly  by

considering d ifferent lin es  as fo llow s. There are three

lin es  in th is case. They are lin e  ( i )  corresponding to

the male AA with proportion p and with the genotypic array

o f h a lf-s ib s  pAA + q Aa; lin e  ( i i )  corresponding to the

male Aa with proportion 2pq and with the genotypic array o f

the h a lf-s ib s  ip AA + £Aa + aa and lin e  ( i i i )  corresponding
2to the male aa with the proportion q and with the genotypic 

array o f h a lf-s ib s  pAa + qaa. The procedure consists o f 
finding a two-way table o f the frequencies of h a lf-s ib  pairs 

corresponding to each lin e  and then pooling these tables to 

get the jo in t  d istribution  of h a lf-s ib  pairs by weighting 

them with respect to the proportion of the d ifferen t lin e s .

In the f i r s t  generation of h a lf-s ib  mating, the two-way table 

o f h a lf-s ib  pairs corresponding tin- the lin e  ( i )  is  obtained 

as given in table (1 .4 )
Table 1.4

AA Aa aa Total
—  1 — — — — — _ — _ _ — —

AA (l+p2)(l+3p) g  q(l+p)(l+2p) ^ q 2(l+p) H l+ p2)
Aa Iq  (1+p)(1+2p) iq(1+pq) 1,q2 &qO+p)

aa 1 q ( 1 +p) ±a_ l a iq 2
16 8
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Similarly the two-way table of h a lf-s ib  pairs corresponding 

to lin e  ( i i )  and lin e  ( i i i )  can be obtained as given in table 

1 .5  and table 1;6  respectively.

Table 1.5
AA Aa aa Total

AA ^28(l+2p2)(l+4p) (l+2p)(l+p+2pq) tjrjgO+2p) 0+2q) *^f1 + 2p)‘

Aa _1_(1 + 2p)(1+p+2pq) 
32
1 ( 1+2p) (1 +2q)

128aa

^f5+2pq) ■ "^ (l+ 2q)(l+ q+ 2pq) l ( 5+ZfP ^
_L (1+ 2q )(1+ q + 2p q ) ^ 3  (1 +2q2) (1 +Aq) 1 (1+2q f
32 16

Table 1.6

AA Aa aa Total

AA 1 3 
~1E p 1 p2 

8
_l^p2d  + q) ip 2

Aa ip2 4p(l+pq) lp 2( l+ q )( l+ 2q) ^P(1+P)8 8
aa 1 p2(l + q) lq O + q )(l

8
+2q) 1 (l+ q )2(l+3q) 

TE
i< 1 +q)2

Now, pooling these three two-way tables corresponding to the 
lin es  ( i ) ,  and ( i i )  and ( i i i )  by weighting with p2, 2pq and q2 

respectively , we get the jo in t  d istribution  of h a lf-s ib  pairs under 

the f i r s t  generation of h a lf-s ib  mating, as given in table 1.7
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Table 1.7

Correlation table o f h a lf-s ib  pairs under the f i r s t  generation of

h a lf-s ib  mating.

H alf-sib 1

AA Aa aa Total

AA _^£(1+'Mp+36p2+l6p3) _l£qO+9p+8p2) ^l£q(3+l6pq) 1p (1+7p )
Q

Aa _T£q(1+9p+8p ) 

aa ^1pq(3+l6pq)

1pq(9+l6pq) l£q(l+9q+8q )
T ? '

_^q(l+9q+8q2) 1̂q (1+11 q+36q2+16 q3) J.q(l+7q)

Total 1p(l+7p) 
8 ■

7pq Iq(1+7q)
8

The correlation  co e ffic ie n t  between h a lf-s ib  pairs can be obtained

d irectly  from th is correlation  table as
« (D■H.S 0.389   (1 . 2)

In the same manner the Joint d istribution  o f h a lf-s ib  pairs 

under the second generation o f h a lf-s ib  mating can be obtained. 

Here there are seven lin es  we have to consider. These seven lin es  

have come fram the three lin es ' of the previous generation, two 

from the f i r s t ,  three from the second and two from the th ird . By 

pooling a ll  the two-way tables obtained from these lin es  by 

weighting properly we can get the fin a l correlation  table fo r  the 
h a lf-s ib  pairs in the second generation o f h a lf-s ib  mating as 
given in table 1.8



Table 1.8
Correlation table o f h a lf-s ib  pairs under the second generation o f h a lf-s ib  mating

H alf-sib  1

AA ■ AA Aa Aa aa Total

AA 1 P (45+315p+560p2+104p^+24pq2) 
1024

pq ( 59+256p+128p2) 
512

PQ (61 +128pq) 
1024

_e(7+25p)
32

H alf-sib  2 
Aa pq (5Q+256p+12Bp2  ̂

512
pq (149+128pq) 
255

pq(59+256q+128q2) 
512

aa 1 pq(6l+128pq) 
1024

1 Pq( 59+256q+1 28q2) 
512

1 q(45+315q+560 q2 
1024 yio4q^+24p2q)

+ 1q(7+25q) 
32

Total _llp(7+25p)
32 f i pq

1 q(7+25q) 
32

1

The correlation  co e ffic ie n t  between the h a lf-s ib  pairs under the second generation of 
h a lf-s ib  mating can be obtained d irectly  from the correlation  table as

r t2) = ' 0*5   ( 1 . 3)
H. S

cn
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In the same manner the correlation  table of h a lf-s ib  

p -ir s  under the th ird  generation of h a lf-s ib  mating can be
•the

constructed by considering ̂ seventeen lin e s , obtained from 

the seven lin es  of the previous generation. Out of these 

seventeen lin es , two lin es  have come from the f i r s t  lin e , 

three from the second, two from the th ird , three from the 

fourth, two from the f i f t h ,  three from the sixth, and two 

from the seventh lin e  of the previous generation. By pooling 

the two-way tables corresponding two each o f  the seventeen 
lin e s  a fter properly weighting, the correlation  table fo r  the 

h a lf-s ib  pairs under the third generation o f half1 sib mating 
can be obtained as given In table 1.9,

The correlation  co e ffic ie n t  of h a lf-s ib  pairs under the 

th ird  generation of h a lf-s ib  mating can be d irectly  obtained 
from th is correlation  table as

r ^  = 0.584    (1 .4 )
H.S



Table '1.9

Correlation table o f h a lf-s ib  pairs under the third generation o f  h a lf-s ib  mating
H alf-sib  1

AA Aa " aa

aa _ y ? q( 1251+331 2p+io24P2) ^ ^ ( 1029+10 2^ )

H alf-sib  2 1 pq( 1251+551 2d+1Q24p2  ̂ 1 pq(4554+2048pq) 1 pq (1251+5512s+1024q2)
Aa 8192 8192 8192

aa 1 pq(l029+1024pq) 1 pq(1251+5512q+1024q2) .1 q( 1461+7275q+6624q2+
16384 . 5192 ' 16384 *

1024q )

Total 1 p (59+89p ) 89 pq 1 q(59+Q9q)
° a i 128 m  128



is

In a sim ilar manner, the correlation  table fo r  h a lf-s ib  

pairs under the fourth generation of h a lf-s ib  mating can be 

obtained by considering the fourtyone lin es  obtained from the 

seventeen lin es  of the previous generation. Out o f these 

fo\irty one lin es , two lin es  have come from the f i r s t  lin e  of 
the previous generation, three lin es  have come from the second, 

two lin es  from the third, three lin es  from the fourth, two 

lin es  each from the f i f t h  and sixth, three lin es  from the 
seventh, two lin es from the eight, three lin es  from the ninth, 

two lin e s  from the tenth, three lin es  from the eleventh, two 

lin es  each from the tw elfth and thirteenth, three lin e s  from 

the fourteenth, two lin es from the fifteen th , three lin es  from 

the sixteenth and two lin es  from the seventeenth lin e  of the 

previous generation. Corresponding to each .of these fourty 

one lin es , a two-way tahle o f frequencies o f  the h a lf-s ib  

pairs can be obtained. Then the correlation  table of h a lf- 

sib pairs under the fourth generation of h a lf-s ib  mating can 

be obtained by pooling these two-way tables a fter weighting 

them with appropriate weights. The jo in t  d istribution  of 

h a lf-s ib  pairs in the fourth generation of h a lf-s ib  mating 

is  as given in table 1.10. The correlation  co e ffic ie n t  of 

h a lf-s ib  pairs under the fourth generation o f h a lf-s ib  mating 
can be d irectly  obtained from th is correlation  table as

r ^  = 0.650.   ( 1 . 5)
H.S
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Table 1.10

Correlation table o f h a lf-s ib  pairs under the fourth generation o f h a lf-s ib  mating
H alf-sib  1

_____________________________AA______ _________________________________________________________ aa_______________

AA _ 1 _ _ p (  37989+134427p+8l536p2+819 2p3) 1 pq( 22971+40768p+9192p2) 1 _pq( 15909+8192pq)
262144 131072 262144

Aa 1 pq( 22971+40768p+8192p2) 1 pqC67402+l6584pq) 1 pq (22971+40768q+
131072 1^079  131072 p131072 8192q )

aa _ J _ p q (  15909+3192pq) 1 pq( 22971 +40768q+3192q2) 1 q( 37989+134427 q+
262144 131072 262144 5 *

81536q +8192q )

Total 1 p(195+517p ) 317 pq 1 q(l95+3l7q)
512 256 512
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Proceeding sim ilarly the correlation  co e ffic ie n ts  of 

h a lf-s ib  pairs under the f i f t h ,  sixth, etc generations of 

h a lf-s ib  mating can be worked out d irectly  from the 

correlation  tables, by assuming additive genetic e ffe c ts  

and using the product-moment correlation  co e ffic ie n t  

formula. The correlation  co e ffic ie n t  of h a lf-s ib  pairs 

under the f i r s t  ten generations of h a lf-s ib  mating i s  

given in  table 1.16  and th£secorrelations are exhibited 

graphically in  f ig .  2 by curve 2.

f t  is  apparent from the figure that, as the number 

of generation increases, the correlation  between h a lf- 
sib pairs also increases.
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1.2 CORRELATION BETWEEN PAKBNT-OFF SPRING PAIRS UNDER
HALF-SIB MATING

The jo in t  d istribution  o f parent and offspring in the 

ntlx generation o f h a lf-s ib  mating with single locus with 

two a lle le s  A and a with proportions *p* and tql (= 1-p) 

can be obtained by pairing one o f the parents xd.th an 

offspring obtained from the respective mating, out of the 

nine types of h a lf-s ib  matings, viz®, AA x AA, AA x Aa,

AA x aa, Aa x AA, Aa x Aa, Aa x aa, aa x AA, aa x Aa, and 

aa x aa. Here we consider the mating between a fix ed  sire  

and his daughter, grand-daughter, etc . The generation 

matrix in th is case has been obtained by George (3) as

1

0

0

0

0
0

0

0

0

4
0

0

0

0

0

0

0

0

1

0

0

0
0

0

0

0

0
0

0

4

i

0

0

0

0

0

0

0

i

4
4

o

o

0

0

0

0

0

4

4
0

0

0

0

0

0

0

0

0

0

1
0

0

0

0

0

0

0

0

(1.6)

&QOS.
Thus the jo in t  d istribution  of parent-off spring pairs under 

the nth generation of h a lf-s ib  mating can be obtained as;
(n) = B

r V  —
U(n> —  (1 .7 )
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i s  the column vector of frequencies of parent-offspring 
th

where

pairs in  the n *̂1 generation of h a lf-s ib  mating and. i s

the column vector of frequencies of h a lf-s ib  mating types in  

the n *̂1 generation of h a lf-s ib  mating, as already obtained in 
section 1 . 1 ,

( 1)Thus, U_ , the column vector o f frequencies o f  h a lf-s ib  

pairs obtained a fter random mating ( i . e . ,  h a lf-s ib  mating 

types in the f ir s t  generation of h a lf-s ib  mating) is  as given 
below:

U( 1 )

£p3(1+p) 
ip 2q(1+2p)
i 2  2
$P q. ■ 

&p2q (l + 2p) 
£pq(l+4pq) 

| %P<I2( l  + 2q)

*p 2q2 

&Pq2(1+2q) 

£q3 0 + q )

licoec

( 1 - 8 )

( 1 )Then 
pairs in the 1

the column vector o f frequencies of parent-off spring 
st generation o f h a lf-s ib  mating can be obtained as 

= B
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Therefore,

-<1> _

ip 2(l+3p)
- , 2 . I p q
k

tpq(l+6p)
8

pq
1.pq(1+6q)
8

0

£pq2

iq 2( 1+3q)

®e»aa.

(1-9)

Hence the jo in t  d istribution  of parent-offspring pairs in  the 

f i r s t  generation o f h a lf-s ib  mating can be obtained as given 

in  the table ( 1 . 1 1 )
Table i.11.

Correlation table o f parent-offspring pairs in  the f i r s t

generation o f h a lf-s ib  mating.
Offspring

AA Aa aa Total

AA £p2(1+3p ) ip 2q 0 p2
Parent Aa ipq(1+6p)

8 pq tpq(l+6q)
8

2pq

aa 0 ip q 2 4q20+3q) q2

Total 1p(l+7p)
8 iq(1+7q)

8
1

«
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The correlation  co e ffic ie n t between the parent and offspring
/

in  the f i r s t  generation o f h a lf-s ib  mating can be obtained from 

the above table assuming additive genic e f fe c t  and scoring 

AA, Aa, aa as 2, 1, 0 respectively, as

,(D  • 0.5892
H.S P.O

The column vector of frequencies of h a lf-s ib  mating types 

in  the second generation o f h a lf-s ib  mating is

u (2)

|

1 p (l+ 1 1p+36p2+l6p^) 

1pq(1+9p+8p2)

^J_pq(3+l6pq)

1 pq(l+9p+8p2)
T£T

1pq(9+l6pq)
16
ij>q(l+9q+8q2)

5

(1 . 11)

1_pq( 3+16pq)

1 pq(l+9q+8q2)
I T  |

1_pq(1+11q+36q2+l6q^) x
64

teoaa.

( 2) ( 2)Hence = .b u and the correlation  table of parent-off spring
pairs in  the second generation of h a lf-s ib  mating can be formed 
from _zf2  ̂ as, Table (1.12)



Table 1.12
Correlation table of parent-off spring pairs in  the second 

 ̂ generation of h a lf-s ib  mating

Offspring

AA Aa aa Total

AA

Parent Aa 

aa

1^(3+27p+34p2)

1^pq(11+34p)

0

1_pq(5+34p)
64

Zpq
8

1^pq(5+34q)

0

1 pq(H+34q)
tk

1 q(3+27q+34q2)

1p (1+7p )
8

£ p q

lq ( l+ 7q)
8

Total ljp(7+25p)
32

1 q(7+25q) 
32

. 1

Hence the correlation  co e ffic ie n t between parent-offspring 

pairs in the second generation of h a lf-s ib  mating can be d irectly  
obtained from the above table as,

r ^  = 0.6672  (1.12) '
H.S P.O

The column vector o f frequencies o f h a lf-s ib  mating types 
in  the th ird generation of h a lf-s ib  mating is
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u(3)

1 p(45+315p+560p2+104p3+24p2q), j 
1024

1 p q( 59+ 25&P*128p 2)
512
_1_jpq(6l+128pq)
102T

1 pq (59+256p»128pz)
512
I p  q( 149+12@pq)

256

1 pq( 59+ 256q+1 2Sq2) 
512
_1 pq(6l+128pq)
1025

1 P q( 50+ 256q+128q2) 
512
_Jlq(45+315q+560q2+l04q^+24pq2) s 
1025 5

(1-13)

So the column vector of the jo in t  d istribution  o f parent-off spring 

pairs in the third generation o f  h a lf-s ib  mating can be obtained 
as,

 ̂ b

and the corresponding correlation  table is  as.given in table (1*13).
r (3)

The correlation  co e ffic ie n t , H.S P.O , o f p arent- o f f  spring 

pairs in the th ird  generation of h a lf-s ib  mating can be obtained 

from th is  -table as,

.(3) -  0.7248
H.S P.O

(1,14)



Table 1.13

Correlation table o f parent-offspring pairs in  the third 

generation of h a lf-s ib  mating

Offspring

AA A CL CLCL Toi'aJ

AA _1_jp(l3+67p+48p2) 
i 28

1 pq(l5+A8p) 
128

0 1pC7+25p)
32

Pave/vd- Aa 1pq(l3+24p) 25_pq
32

 ̂ p q C13+ 24q)
f P 9

aa 0 _1_jpq(l5+48q)
128

1 q(l3+67q+48q2) 
128

1_q(7+25q)
32

Total 1 p(39+89p) 
128

_J_q( 39+89q) 
128

1

The column vector of frequencies o f h a lf-s ib  mating types 

in  the fourth generation o f h a lf-s ib  mating is ,
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u(4)

QGQqC|
r  p( 1461+7275p+6624p2+1024p3)

1^334

J_£qO 251+3312p+1024p2)
8192

1 pq(l029+1Q24pq)
153§4

1 pq (1251+5312p+1024p 2) 
819 2

1 p q( 4554+2048p q)
8192

1 pq( 1251 +3312q+1024q2)
8192

1pq(l029+1024pq)
16384

1 pq( 1251+3312q+1024q2)
8192

1 p q( 1461+7 275q+6624q2+1024q3) 
16384

r(4) f(4)

(1.15)

Hence Z'**' = B U'
—  —

and the correlation  table of parent-off spring pairs in  the

fourth generation o f h a lf-s ib  mating can be formed from 
2(4) as given in table (1.14)



Table 1,14
Correlation table of parent-offspring pairs in  the fourth generation of h a lf-s lb  mating.

Offspring

AA Aa aa Total

AA

Parent Aa 

aa

1 p (339+1167d+542d2) 
2048

1 po(441+542d)
2048

0

1 po(285+542p) 
2048

356pq
512

1 pq(285+542q) 
2o4b

0

1 pq(44l+542q)
2048

1 q(339+H67q+542q2) 
2048

.1 p (89+39p ) 
128

.  S p-q '

1__ q( 89+39 q)
128

Total _1_p(l95+317p)
512 517P9256

1 q (T95+317q) 
512

1

Hence the correlation  co e ff ic ie n t  between parent-offspring pairs in  the fourth  generation 
of h a lf-s ib  mating can be d irectly  obtained from the above table as,

r <4>.
H.S P.O

= 0.7697  ( 1. 16)

ro
to
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The column vector of frequencies o f h a lf-s ib  mating types 

in  the f i f t h  generation of h a lf-s ib  mating is ,
_  2

1 p( 37989+134427p+81536p2+8192p:>)
262144

_pq( 22971 +40768p+8192p2)
■131072

1 _p q ( 15909+8192p q)
262144

I

*
TTC5) _ jj _J pq( 22971 +40768p+8192p2) K V- 17\
£  -  5 131072 I

_J pq( 67402+16384pq)
131072 ^

_J_pq(2297l+40768q+8l92q2) B
131072 5

5 ' &
5 1_Pq(l5909+8192pq) 5
jj 262144 8

5 _J_pq(22971+40768q+8192q2) I
5 131072 5

I _ 1___q( 37989+134427 q+81536q2+819 2q3) IS
262TO  jj

Hence the column vector o f frequencies of parent-offspring 
pairs in  the f i f t h  generation of h a lf-s ib  mating can be 
obtained as

Z(5) = B y(5)*' — __

and the corresponding correlation  table can be formed from 
as table 1.15.



Table 1.15
Correlation table of parent-off spring pairs in  the f i f t h  generation of h a lf-s ib  mating.

Of f  sp ring

AA Aa aa Total

AA

Parent Aa

_J p (1905+4757p+1530p )
8192

_1 p q( 1215+1530p)
8192

_1 pq(1215+1530p)
8192

HZpq.
512

0 1 p(195+317p )
512

1 pq( l  215+1530q) 317pq
8192 - 25b

aa 1  pq( 1215+1530q) _1 qO905+4757q+ _1 _q O  95+317 q)
8192 8192 153Qq2) 512

Total 1 p(919+1129p)
2048

1129p Q 
1024

_1___q(919+1129q)
2048

The corre la tion  co e ff ic ie n t , , of parent-off spring pairs in  the f i f t h  generation
H.S P.O

of h a lf-s ib  mating can be obtained d irectly  from the corre la tion  table as,

.(5)
H.S P.O

0.8054 (1 .1 8)
CO
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In a sim ilar manner, the jo in t  d istribution  and the 

correlation  co e ffic ie n t fo r  parent and offspring fo r  the 

sixth, seventh, etc. generations o f h a lf-s ib  mating can 

be worked out. The correlation  coe ffic ien ts between parent 

and offspring in  the f i r s t  ten generations o f h a lf-s ib  

mating are given in  the table (1 .1 6)• These correlations 

are also shown graphically in  Fig.1 by curve 1. From the 
figu re  i t  i s  clear that as the number of generation 

increases, the parent offspring correlation  also increases* 
While comparing with the h a lf-s ib  correlation  coe ffic ien ts  

i t  is  found that the parent-offspring correlation  i s  of 

higher order than the h a lf-s ib  correlation .



Table 1,16
Correlations o f h a lf-s lb  pairs and parent-offspring pairs in  the f i r s t  ten generations of

h a lf-s ib  mating system.

Generation
(n)

0 1 2 3 4 5 6 7 8 9 10

H alf-sib  correlation
r (n)

H. S r  H. S
0.250 0.539 0.500 0*584 0.650 0.703 0.746 0.782 0.811 0.836 0.858

Parent-off spring
correlation

r (n)
H. S P.O

0.500 0.589 0.667 0.725 0.770 0.805 0.834 0.858 0.878 0.894 0.908

Note: 0th generation stands fo r  random mating.
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1,3 correlation between parent and k offspring under

HALF-SIB MATING SYSTEM

In quantitative genetic studies, the correlation  

between one given re la tive  and a number o f individuals of 

the other relative is  used fo r  predicting the breeding 
value of the given re la tive . For instance, the correlation  

between one parent and several of i t s  offsprings provides 

with the accuracy in  predicting the breeding value o f the 

parent with the help o f i t s  offspring . I t  i s  a major 
determinant in increasing the response to selection . The 

behaviour o f such correlations, especia lly  in  inbred 

populations i s  not fu l ly  known. In th is chapter, the 

correlations between one parent and several of i t s  offspring, 

as well as, both the parents and several o f i t s  offspring 
have been worked out in the lin es  o f George and Narain (4 ), 

fo r  the f i r s t  ten generations of h a lf-s ib  mating.

Theoretical Procedure

The theoretical procedure fo r  finding the correlations 
between both the parents and K offspring and the correlation  

between one parent and K offspring are exactly same as that 

o f the autosomal gene case fo r  parent-offspring mating and 
fu l l - s ib  mating explained by George and Narain (4 ).

Consider a single locus with two a lle le s  A-a, so that 
with additive genetic a ffe ct  we score the values of the 
genotypes AA, Aa, aa as 2,1,0 respectively . Again consider



that there are K offspring produced from the matings of 

these genotypes. The scores o f these resulting offspring 

is  then obtained by adding the scores o f the individual 

offspring. I t  i s  then obvious that the maximum score fo r  
K offspring is  2K, when a ll  the offspring are o f  the type 

AA. Similarly the minimum score o f  ten offspring w ill be 

f0 ' , when a ll  the offspring are of the type aa. So fa r  as 

the scores of. parents are concerned, we have two d istin ct 

cases. In one we consider that the sum o f  scores o f  two 

parents which w ill range between 0 and 4 and in  the second 

case we consider only the score of one parent, ranging 

between-0 and 2.

1.31 CORRELATION BETWEEN BOTH THE PARENTS AND K OFFSPRING.

Let the frequency o f the nine mating types, v iz . ,  AA x AA, 
AA x Aa, AA x aa, Aa x AA, Aa x Aa, Aa-x aa, aa x AA, aa x Aa, 
a x aa be u ^  u ^a x aa u22 , , u2Q , u 12 , ,  ̂ u ^  u1Q , u Q2 ,

/ \  / \  - 1 l 1 w
01 ’ u00 respectively in I*1® ^  generation of the given 

system of mating. In order to determine the p roba b ilities  of 

K offspring in each of these mating types we have to obtain 

the conditional p roba b ilities  of K offspring , given the 

particu lar type of mating between two sim ilar or two dissim ilar 
homozygotes, v i z . , AA x AA, aa x aa, AA x aa, aiZ the resulting 
offspring w ill be o f uniform types with probability  unity.
In the case o f mating between a homozygote and heterozygote 

v iz . ,  AA x Aa or aa x Aa, the resulting offspring  consists o f
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homozygotes and heterozygotes in  the ra tio  1:1. The 

probability  generating function of the sum of the scores, 

sk (= z^+zgt-. . .  z^), w ill be (̂ *4 (1+zj)Q , sim ilarly in
the case o f mating between two heterozygotes, the probability 

generating function o f s  ̂ w ill be 0K l+z)^J . 

cr)
Let P represent the jo in t  probability  of the sumx*y

of scores o f both the parents, as x, and score of offspring, 

as y, where 0 ^  x ^  4 and 0 y 2k. I t  then follotos,

0> / V
P0 ,y  = u 00 “ S ' " 0

CO
= 0 i f  1 y 2k

pi , y -C » i(s )+“ cs 0  ( y )  (4)k  .

= 0 . i f  k+1 ^  y <  2k

P2,y = u ?̂1 (^ y  )  . ^ k i f  0 ^  y k-1

= “ a ^ 2  * ui f  ( jk  )  ( i )k  i f  y -■k

= ( ^ ) u ) k i f  k+1 i y  S 2 k
(»)
P3,y = 0 i f  0 y ^  k-1

= 0 4 ? >  + u<“ >] ( 4 _ y )̂ ( i ) k i i k « 7  4  2k
t o  v  y
p4 ,y  * 0 i f O ^ y  ^ 2 k - 1

= u22̂  i f  y = 2k

These probabilities  give the bivariate frequency table 
fo r  obtaining the correlation  between x and y as given in  
table (1 .17 ).



cô
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Table 1,17
Bivariate table fo r  the absolute p roba b ilities  o f the scores o f both the parents and k offsprin g

0 1 .
Score of the offspring

k . . .  2 k -1 2k Total

4 0 0 . . .  0 . . . 0 . . . u22 u22

3 0 0 (£ )k(u21+u12) . . . (4 )k (k )  (u22+u12) 2) U21+U1 2

2 ( 4 ) ^ ^ ( 4 ) 2k(12k) u11 . . .  U ) 2*  ^ ) UT1 *• • ( i ) 2 k ( l l 1 ) u^
( 4 ) atu11 u20+u11+ti

1 (4 )
( i ) k ( ? ) (u10+uo i ) “ (£) ^ y uio +uOl^ . . .  0 0 U10+U01

OsPo

.  0 0 0 0 ^ 0

Total 1

CO
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The correlation  co e ffic ie n t between both the parents 

and k offspring can be calculated using the product moment
formula fo r  correlation  co e ffic ie n t  by calculating 2  ix , ^ f x  , 

21fy, 2L fy2 and SLfxy from this table as,

X f x  = 4u22+3u21+2u20+3u12+2u11+u10+2u02+u01 . . .  (1 .1 9 )

2Lfx2= 16u22+9u21+4u20:»9u12+4u11+u10+4u02+u01 . . . .  (n.20)

= k [ 2u22+|u21+u20+|u12+Ul1+4u10+U02+H l ]  (1,21)

S f y 2= 4k2u22+k(m +l)u21+k2u20+fc(^+1)«12+k( ^ ± l ) ui1 +5 4 2

k(k+1)u10+k2u02+k(k+l)uQ1 . . .  (1.22)

X fxy=  k Su22 +|u21+2u20+|u12+2u11+̂ U10+2u02+^ ) 1 * ”  (1*23)

From these the variance o f x, variance o f y and the covariance 

of x and y can bn worked out, and thus the correlation  coe ffic ien t 

between the scores x and y in both the parents and k offspring 

can be obtained as,

= =qy(x,y.). 0 .2 4 )

v(x )xv(y )

The column vectors of frequencies o f  nine mating types 

in the f i r s t ,  second, third etc. generations o f h a lf-s ib  mating 
have already been derived from f i r s t  princip les, under 

section (1 .1 ) Now the bivariate table o f  absolute p robab ilitiesi *
of the scores o f both the parents and k offspring under the f i r s t  
generation of h a lf-s ib  mating can be obtained by substituting

2

i
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The U .^  values from (1 .8 ) In table (1 .1 8 ). Hence the values.

o f lElfx, ;> fx 2 21 fy , 2Lfy2, SIfxy and the correlation
co e ffic ie n t  between the scores o f both the parents and k

o f f  soring, r ^  (2 ,k ), in the f i r s t  generation o f h a lf- 
H.S P.O

sib  mating can be worked out using the formulae given in  

(1 .,19), (1 .2 0 ), (1 .2 1 ), (1 .22 ), (1.23) and (1.24) respectively .

ThUS* r<1> (2.X) = [ h T  ••• C1.25)
H.S P.O /  4+5k

Sim ilarly, by repeating the above process we can obtain

u ar^ S ^(2 ,k ) fo r  n = 2, 3, 4 et. by substituting the vectors n« b r*U

u5^ etc* given in  (1 .1 1 ), <1.13), (1.15) 
respectively  in the formulae (1.19)» (1 .2 0 ), (1 .2 1 ),(1 .2 2 ), 

(1 .2 3 ), and (1 .24 ).

The correlation  co e ffic ie n t  between both the parents 

and k offspring  in  the f i r s t  ten generations of h a lf-s ib  

mating in given in  table (1 .1 8 ).
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Table 1.18

Correlation between both the parents and k offspring in the f i r s t

ten generations of h a lf-s ib  mating.

Generation 
n . . 2

Correlation
co e ffic ie n t

H. S P .0 ^ ,K;

k
,1+k 5+|k

25k 117k
14+25k /  50+117k /  178+529k

6

2553k /  10105k /  45173k
?34+2333k /  2258+10105k /  8042+43173k

8 9 10

 132497k /  764909k /  3184009k
23642+182497k J 102010+7^4909k >/ 363314+3184009k

Note: 0th generation stands fo r  random mating.

/
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I t  i s  interesting to.note that the correlation  

co e ffic ie n ts  are o f-th e  form 1_____  y/here, a i s  a

fra ction  changing with n, in the fora  o f the follow ing 

series
a : 4, 14, £0_, r£8, 634 , . . . .

5 25 117 529 2333
By giving d ifferent values to k from 1 to 10, the correlation

c o e f f ic ie n t  between both the parents and k offspring have

been worked out as given in  table (1 .1 9 ). These correlations

are graphically exhibited in figure 3, which gives the trend

of the correlation  when the number of offspring varies fo r

a particu lar generation. The figure indicates that the

correlation  increases very rapidly fo r  smaller values o f

k, i e . , when k = 1 to 4, and fo r  further values of k,

the increase in  correlation  i s  very n eg lig ib le . Further,

there i s  no sign ifican t increase in  correlation  beyond the 
th7 generation of h a lf-s ib  mating, fo r  a ll values of k.



Table 1.19
Correlations between both the parents and k offspring-when k = 1 to 10, f o r  the f i r s t  10

generations o f h a lf-s ib  mating*

Generation
(n) 1 2 3 4 5 6 7 8 9 10

0 0.707 0.817 0.866 0.894 0.913 0.926 0.935- 0.946 0.949 0.953
1 0.745 0.845 0.889 0.913 0.928 0.939 0.947 0.953 0.958 0.962

2 0.801 0.884 0.918 0.937 . 0.948 0.956 0.962 0.967 0.970 0.973
.3 0.837 0.908 0.936 0.951 0.960 0*966 0.971 0.974 0.977 ■0.979
4 0.865 0.925 0.948 0.960 0.9678! 0.973 0.977 0.980 0.982 0.984

5 0.887 0.938 0.958 0.968 0.9^4

0.978

0.978 0.981 0.983 0.985 0.987
6 0.904 0.948 0.965 0.973 0.982 0.984 0.986 0.988 0.989
7 0.918 0.957 0.970 0.978 0.982 0.985 .0.987 0.989 0.990 0.991
8 0*930 0.963 0.975 0.981 0.985 0.987 0.989 0.990 0.991 0.992

9 0.939 0.968 0.979 0.984 0.987 0.989 0.991 0-992 0.993 0.993
10 0.947 0.973 0.982 0.986 0.989 0.991 0.992 0.993 0.994 0.994

"thNote: 0 generation stands fo r  random mating.
•f*
ro
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1.32 CORRELATION BETWEEN ONE OF THE PARENTS AND K OFFSPRING

In order to work out the correlation  between one o f ’the 

parents and k offspring fo r  which th is parent i s  common, we have 

to pool the p roba b ilities  fo r  three types o f  mating involving a 

common parent. Let P^^. represent the Joint d istribution  o f 

the score of - one parent as x and score o f offspring .as y, where 

0 ^  x ^  2 and 0 y ^  2k. I t  then fo llow s,

C  = u(Si <*>k + 4o if r - 0
= C * ) i f  I ' s y « k - 1

-  KS)  uQ1 + uQ2 i f  y  _  k

= 0 i f  k+1 y ^  2k

pi , y = ui v  + ^  uiS5 i f  o * y  *  k-1

“ ( ^ ) (4)at Û )+ (4)kuio)+(4)k ^  y = k

= ^2kj(^)2k u(?> + ^ k  uC*> i f  k+1 ^  y <  2k
(2.)

P2fy °  0 i f  o ^ y  k-1

= u^2i ^ ) lt+u^ao i f  y s k

k+1 ^  y 2k-1= / k  \ u 
V2k-y/

= (&)k \ 22 i  f  y = 2k

These p roba b ilities  give the bivariate frequency table fo r  
obtaining the correlations between x and y as given in  table (1.20)
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Table 1.20
Bivarlate table fo r  the absolute p rob a b ilities  o f  the scores o f one o f  the parents and k offsprin g

0 1
Score of the 

k • - .
offspring

2k-1 2k Total

2 0 0 .
 ̂^  Q  )U 2 1 +U2D * *

(4 )k(k )u 21 . ( i ) k u21 +u22 U22+U21+U2D

1 ('£)ku11+(&)ku10
^ ) k ( ^ ) u n  + ( £ ) k  ( ^ ) U11i+ ( « *  /2 k  V  

^ 2 k -l)
( f c ) 3 * u11 +

U1 2+u11+u10

- ( i )k ( * ) U1 0 - " ( & ) k  U12+U1 0 ” ' ( - ) k ( ^ ) U12 ( £ )  ^  2

0 C & ^ u oI+Uqq ( i ) k ( ^ ) ? 0 1  ••• ( & )  uQ1+u10. . . 0 0 U0 2 +U0 1 +U00

Total 1
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The correlation  co e ffic ie n ts  between one of the parents 

and k offspring can be calculated in the same way as in  

section 1*31 by calculating £ fx , 5^fx^, 2E.fy» "SLfŷ  and 2.fxy 

from th is table as,

£ fx  

£jfx2 

5Lfy

2 fx y

From these the variance of x and variance of y and the 

covariance between x and y can be worked out, and then the 

correlation  between the scores o f x and y in  one parent and 

k offspring case can be obtained as,

= 99V (x .y ) , (1>31)

v(x)xv(y)

Now the correlation  coef fic ien t^rg  p Q( l ,k ) ,  between 

one o f the parents and k offspring in the n generation o f  
h a lf-s ib  mating can be obtained by substituting the 

values (already obtained in  section 1 .1) in  table (1*21).

2(u22+U21+U20) + U12+U11+U10 (1 ' 26)

4(u22+U21+U2o) + U12+U11+U10 (1-27)

2ku22+ |£ U21+kft20+| i u12 +ku11+| U10+

ku02+̂ 0 1  (1 • 28)

4kzu22+k(2k+l) u21+k2u21+k(2R±l)«12+

. k( 2k+1) u11+k(k+l)'i10+k^iQ2+k(k+1)u02 (1.29) 
2 ^ ^

4ku22+3ku2i +2ku2Q+|u12+ku,j 1 + ik ^  2 (1.30)
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The values o f 2 fx , I f i 2, X fxy , •ziy and. fxy  are found 

out in  each generation by using the equations ( 1 . 26) , (1 .2 7 ), 

(1 .2 8 ), (1.29) and (1.30) respectively and correlation

co e ffic ie n t  is  calculated using the formula (1 .31 ).

The correlation  co e ffic ie n t between one o f  the parents

and k offspring worked out in th is way, fo r  the f i r s t  f iv e

ten generations of h a lf-s ib  mating are given in table (1.21)

I t  may be noted that the correlations when k = 1, fo r
d ifferen t generations are exactly the same as that o f  one

parent one offspring correlations under h a lf-s ib  mating already

obtained in section (1 .2 ) Further, the correlation  coe ffic ien t
1in d ifferen t generations are of the form    ,

4 , 1 4, 30 , 178, 634 , . . .
5 25 117 529 2333
Giving d ifferen t values to k, from 1 to 10, the correlation  

co e ffic ie n ts  between one o f the parents and offspring have 
been worked out as given in table (1 .2 2 ). These correlations 

are exhibited graphically in  Figure 4. Here also, as in 

the previous case, the correlation  increases as >n, the 
number o f generations and k, the number o f  offspring,
Increases.

K
where b and c are fra ction s changing with 'n ' in  the form 

of the follow ing series.
b : 156 . 668 , 2828 , . . .  

117 529 2333



Table 1.21

Correlation between one parent and k offspring in the f i r s t  ten 

generations of half-sib  mating.

Generation _ .
(n) 0

Correlation k 5k___  — ■ .V̂ 7H---------
coefficient ________  /  , ' >-------- :---------  j--------------------

(n) , y  2k(1+k) y s ^ ^ S k )  /36k(l4+25k  sJ-[ 56k( 50+117k)
H.SrP .0(1 -k)

4 5 6 .

529k 10105k
/  668kC178+529k; / ----------------------- :---- -V y2828k (634+2333k ) y  11868k ( 2258+10105#

7 8

43173k 

y 4 9 452k (8042+43173k)

182497k 

y204860k( 28642+182497k)

9 10

764909k 

y844556k( 102010+764909k)

3184009k 

y  3467676k(363314+3184009k)

^  generation stands for random matingi



Table 1.22
Correlations between, one parent and k offspring when k = 1 to 10,- fo r  the f i r s t  ten generations

of h a lf-s ib  mating.

Generation
(n) 1 2 3

Number of offspring  (k)
4 5 6 7 8 9 10

0 0.500 0.577 0.612 0.632 0.646 0.655 0.661 0.667 0.671 0.674
1 0.589 0.663 0.702 0.722 0.734 0.743 0.749 0.754 0.758 0.760
2 0.667 0.736 0.765 0.780 0.790 0.797 0.802 0.806 0.809 0.811

3 0.725 0.786 0.810 0.823 0.831 0.837 0.841 0.B44 0.846 0.843
4 0.770 0.823 ' 0.844 0.855 0.861 0.866 0.869 0.872 0.874 0.875
5 0.805 0.852 0.870 0.879 0.885 0.888 0.891 0.893 0.895 0.896
6 0.834 0.881 0.890 0.898 0.903 0.906 0.908 0.910 0.912 0.913
7 0.858 0.894 0.907 0.913 0.917 0.921: 0.922 0.924 0.925 0.926.
8 0.878 0.909 0.920 0.926 0.929 0.932 0.934 0.935 0.936 0.937 .
9 0.894 0.921 0.931 0.936 0.939 0.941 0.943 0.944 0.945 0.945

10 0.908 0.932 0.941 0.945 0.948 0.949 0.951 0.952 0.952 0.953.

thNote: 0 generation stands fo r  random mating.
00
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Chapter 2 
SEX-LINKED GENES

For autosomal genes the correlations o f  the d ifferen t 

parent-offspring pairs are the sameta ll  being half,and the 

correlations of d ifferen t h a lf-s ib  pairs a lso, are the same, 

a l l  being one fourth. For sex-linked genes, however, the 

asymmetrical chromosomal complement o f males and females 

makes i t  necessary to distinguish the sexes o f  the re la tives. 

Thus, in the sex-linked gene case, there are three kinds of 

h a lf-s ib  pairs, v i z . ,  brother-sister, brother-brother and 

s is te r -s is te r . Likewise there are four kinds of parent- 
o f f  spring pairs v i z . , mother-daughter, mother-son, father- 

daughter and father-son. The correlations of the d ifferen t 
h a lf-s ib  pairs and those o f d ifferen t parent-offspring pairs 

are considered here seperately.

2.1 CORRELATIONS OF DIFFERENT HALF-SIB PAIRS UNDER HALF-SIB
MATING SYSTEM

In the case of the sex-linked genes too, the generation
ft

matrix fo r  h a lf-s ib  pairs cannot be easily  obtained. So the 

method adopted in the autosomal gene case has to be extended 

to the cases of sex-linked genes with sligh t m odifications 
characteristic of a sex-linked character.

Sex-linked genes are those located  on sex-chromosomes.
We shall consider the case of a single locus with two a lle le s , 

say, A and a. Let the homogametic type (AA, Aa or aa) be



50

females and the hetrogametic type (A or a) be males. Now, 

there w ill be six mating types, v iz . AA x A, AA x a, Aa x A,

Aa x a, aa x A and aa x a. As before these six  types o f  
mating with appropriate frequencies are l is te d . The p robab ilities  

of the various combinations are grouped together. Obviously, 

there is  no correlation  between father and son in the case o f 

a sex-linked character, since the son receives his fa th e r 's  

Y-chromosome. The correlation  fo r  mother-daughter pair is  

the same as that of parent-off spring pair in  the case of 

autosomal genes except fo r  a sh ift  by one generation. The 

two correlations fo r  father-daughter pair and mother-son pair 

are the same.

We shall be dealing with the correlations o f  d ifferen t 

types of h a lf-s ib -p a irs  seperately.

2.11 BROTHER -  SISTER CORRELATION

random mating can be obtained as fo llow s. Consider a single 

locus with two a lle le s  A and a with proportions p and q, 

respectively . Then i t  may be v e r ifie d  that the population

in equilibrium under panmixia. Thus in a random mating 
population the constitution  o f  the male can be A or a. Let 

th is male be A. Now the proportion of the h a lf-s ib s  obtained

The jo in t  d istribution  of brother^sister pairs under

is
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after random mating can be obtained by considering the mating
p

between A (p) and each of the females AA (p ) ,  Aa (2pq) and 

aa (q  ) in  the population, as

A (p2 AA + 2pq Aa + q2 aa) = ip AA + iq  Aa + ip  A + iq  a

Now le t  the male be a, then the proportion of h a lf-s ib s  

corresponding to the male a can be obtained as,

a (p2 AA + 2pq Aa + q2 aa) = ip Aa + iq  aa + ip  A+iq a 
combining the above two cases, we get the table of the 

proportions of h a lf-s ib s  fo r  the d ifferen t constitutions o f 

the male as given in  table (2 .1 ).
Table 2.1

H alf-sibs

AA Aa aa A a

A ip  i q  0 ip  i q

Males a 0 ip  i q  ip i q

Now considering a ll the brother-sister (h a lf-s ib s ) pairs under

each male, we get the proportions of brother-sister pairs
under each male as given in table (2 .2 )

Table 2.2

B rother-sister pairs 
(A, AA) (A, Aa) (A, aa) (a, AA) (A, Aa) (a,aa)

A(p) ip 2 £pq 0 ipq iq 2 0

Males a(q) 0 ip 2 *pq 0 ■ £pq £q2
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Hence the jo in t  d istribution  of brother-sister pairs 

under random mating can be obtained by pooling the corresponding 

pairs by weighting with p and q respectively , as given in 

table 2.3
Table 2.3

S ister ».

AA Aa aa Total

•i1 
Q. 

|! 
<

i p 2q ip q 2 ip

Brother
a $p2q ip q 2

1

i q

Total i p 2 &pq i q 2 i

Standardising the above table so that the column tota ls

as well as row tota ls add upto unity, we can write down
the correlation  table as table 2 .4 .

Table 2 .4

Standarflised correlation  table o f brother-sister pairs unde
random mating

Sister
AA Aa aat Total

A P3 2p2q pq2 P
Brother a P2q

1|
Qi 

I 
CM 

|

Q3 q

Total p2 2pq q2 1
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The correlation  co e ff ic ie n t , jj g b .S* ^ro^ er~s^s^er

pairs obtained a fter  random mating can be calculated d irectly  

from the above correlation  table, assuming additive genetic 

e ffe c ts  and by using the product moment foimula fo r  

correlation  co e ffic ie n ts  as,

r ^  = 0  (2 .1 )
H.S B.5

This zero correlation  is  quite lo g ica l since, in the 

case o f sex-linked genes the son receives his fa th er 's  

y chromosome and the d ifferen t female parents in  the random 

mating population are non-correlated.

The jo in t d istribution  o f brother-sister pairs under 
the f i r s t  generation of h a lf-s ib  mating can be obtained 

d irectly  by considering the d ifferen t lin e s  as fo llow s.

There are two lin es  in th is case; lin e  ( i )  corresponding 

to the male A with proportion p and with the genotypic 

array o f  h a lf-s ib s  as .

ip  AA + iq  Aa + ip  A + iqa 

and line, ( i l )  corresponding to the male a with proportion 

q and with the genotypic array o f h a lf-s ib s  as 

ip  Aa + iq  aa + ip A + iq  a.
The procedure consists o f finding a two-way table of the 

frequencies o f brother-sister pairs corresponding to each 
lin e  and then pooling these tables to get the jo in t  

d istribution  of brother-sister pairs by weighting them with 
the proportions of the corresponding lin es . In the f i r s t



generation of brother-sister mating, the standardised 

two-way tables o f  brother-sister pairs corresponding 

to lin e  ( i )  and lin e  ( i i )  can be obtained as given in 

table (2- 5) and table (2 .6 ) respectively .

Table 2.5

‘ AA
Sister

Aa aa Total

A ip (i+p) 2 . £q(1+p)(1 +2p) iq 2(l+p) P
Brother a ipq(1+p) iq 2(1+2p) iq 3 q

Total &p(l+p) £q(l + 2p) 4q2

Table 2.6

Sister
AA Aa aa Total

A ip 3 ip 2(l  + 2q) ip q (l + q) P
Brother a ip 2(l + q) ip (l+q )(l+2q) £q(l+q )2 q

Total

OJ 
I 

$ 
!

lkp(l+2q) &q(l+q) 1

Now the jo in t  d istribution  of the brother-sister pairs under 

the f i r s t  generation o f brother-sister mating can be obtained 
by pooling these two-way tables a fter  weighting them with 
p and q respectively , as given in  table (2 .7 ).
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Table 2.7
Correlation table o f brother-sister pairs under the f i r s t  

generation o f h a lf-s ib  mating.
Sister

AA Aa aa Total

A ip 2(1+3p) £pq(1+6p) fpq2 p
O

Brother a 5p q ipq(l+6q) £q2(l+3q) q

Total p2 2pq q2 ; 1

(The correlation  co e ffic ie n t , r ' * , between brother-
H.SB.S

sister  pairs under the f i r s t  generation of brother-sister 
mating can be d irectly  obtained from the above correlation  
table as

= 0.1768  .  ( 2 . 2)
H.S B.S

In a sim ilar manner, the Joint d istribution  o f brother- 
s is te r  pairs under the second generation of h a lf-s ib  mating 

can be obtained. Here.there are four lin es  to be considered. 
These four lin es  have come from .the two lin e s  o f the previous

i

generation, i e . , two from each. By pooling a ll  the two-way 

tables obtained from these lin e s  by weighting then with 
appropriate weights we can get the fin a l standardised 

correlation  table fo r  the brother-sister pairs under the 

second generation of h a lf-s ib  mating as given in table (2 .8 ) .
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Table 2.8

Correlation table of brother-sister pairs under the second 

generation of h a lf-s ib  mating.

Si ster

AA Aa
S/

aa Total
//

A 1 p(1+15p+l6p2) 
3 2

lpq(3+8p)
8

/
Mpq(3+l6q) p 
32

Brother a 1 pq(3+l6p) 
32

lpq(3+8q)
8

_J_q( 1+15q+l6q2) q 
32

Total 1p(l+7p) a Iq(l+7q) 1 
8

(?)The correlation  co e ffic ie n t , r v '
H. S B.

, between brother-
S

s is ter  pairs under the second generation o f  h a lf-s ib  mating 

can be d irectly  obtained from the correlation  table as,

r ^  = 0.2917 ---- (2 .3 )
H.S B.S

In the same manner, the corelation  table f o r  brother- 

s is ter  pairs under the th ird  generation of h a lf-s ib  mating 

can be obtained by considering the eight lin es , obtained, 

from the four lin es  o f  the previous generation, two from each. 

By pooling the two-way tables corresponding to the d ifferen t 
lin es  by weighting them properly, the correlation  table  fo r  

the brother-sister pairs under the third generation o f h a lf- 
sib mating-can be obtained as in  table (2 .9 ) .
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Table 2.9

Correlation table of brother-sister pairs under the th ird 

generation of h a lf-s ib  mating.

Sister

AA Aa aa Total

A 1 p (21+149d+86p2) 
256

_J_pq(57+86p)
128

_ 1 p q ( 35+86 q) p 
256

Brother a 1 pq(35+86p)
255

1 po( 57+86 q) 
128

(21+l49q+
255 ' q 

86 q )

Total 1 p(7+25p) 
32

JLq(7+25q) 1 
32

The correlation  co e ffic ie n t j , o f brother-si ster pairs
H. S B. S

under the third generation of h a lf-s ib  mating can be obtained as,

,(3)r = 0.3903 
H. S B.S

(2.4)

Proceeding in a sim ilar manner, the correlation  co e ffic ie n t 

between brother-si ster pairs under the fourth, f i f t h ,  sixth e tc ., 

generations can be found out. The correlation  co e ffic ie n t  o f 

brother-sister pairs fo r  the f i r s t  ten generations o f h a lf-s ib  
mating i s  given in table (2 .2 7 ).
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2.12 BROTHER-BROTHER CORRELATION

The procedure of obtaining "the jo in t  distribution  of 

brother-brother pairs under d ifferent generations o f h a lf-s ib  

mating is  sim ilar to that we followed in  the-case of brother- 

s is te r  pairs in section 2.11.

The table of proportions o f h a lf-s ib s  fo r  the d ifferen t 

constitutions the male under random mating has already been 

obtained in  section 2.11 (Table 2 .1 ). From th is table, the 

proportions of the four types o f - brother-brother pairs under 

each male under random mating can be obtained as given in 

table (2 .1 0 ).
Table 2.10 

Brother-Brother pairs

.
(A,A) (A, a) (a, A) (a, a)

A(p) 4p2 ipq ipq iq 2
Males a(q) ip 2 ipq 4pq iq 2

Hence the jo in t d istribution  of brother-brother pairs 
under random mating can be obtained by pooling the 

corresponding pairs by weighting with p or q according as 
the male is  A or a, as given in  table (2 .1 1 ).
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A

Table 2311 

Brother 2

Total

A

Brother 1
ip 2 ipq ip

a ipq aq iq

Total ip iq i

Standardising the above table so that the row to ta ls  

as well as the column to ta ls  add up to unity, we can write 
down the correlation  table as in  table (2 .1 2 ).

Table 2.12

Standardised correlation  table of brother-brother pairs under
random mating 

Brother 2 

A a Total

A p2 pq p
Brother 1

a pq q2 q

Total P q 1
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Now the matrix- , of conditional p robab ilities
',H.S~ B.B

of brother-brother pairs under random mating can be written 

down as
= f I and th is can be

H.S~ B.B I J

s p lit  as a function of and fi22 ^aS defined by Li) as

H . S ^ B  "  V J 2 2  * l1- C0>S22 ■

where, I £2
r 1 o ']  r P q

0  J  « *  S 2 2  ■ I / ■ » * c o =  0

Now the correlation  between brother-brother pairs under 
random mating can be calculated by using the technique 

developed by Li and j^acks (1954) as

h . b -p (2 b  = C°  1-1 + (1_C0 )

where = 1 and r^ = 0 (r^ and r^ are the correlation

co e ffic ie n t  calculated from the two-way tables obtained 

by multiplying the rows of ,1,22 ^ d  fi22 by p and q respective ly /)

Hence, we get

r t0) = 0 = 0  ----  (2 .5 )
H. S B. B U

The zero correlation  of brother-brother pairs under random 
mating is  because of the fa c t  that the son receives his 
fathers y-chromosome.
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The jo in t  d istribution  of brother-brother pairs under 

the f i r s t  generation o f h a lf-s ib  mating can be obtained by 

considering the two lin es  in th is generation -  lin e  ( i )  

corresponding to the male A and lin e  ( i i )  corresponding to 

the male a. 3ust as in the case o f brother-si ster pairs, 

the procedure consists o f finding a two-way table of 

frequencies o f brother-brother pairs corresponding to each 
lin e  and then pooling these tables by weighting them with 

the corresponding proportions (p or q) o f  the d ifferen t 

lin es , to get the jo in t  distribution  o f brother-brother 

pairs.

The standardised two-way tables o f  frequencies of brother- 

brother pairs corresponding to lin e  ( i )  and lin e  ( i i )  are 

obtained as given in tables (2.13) and (2.14) respectively .

Table 2.13 

. ‘ Brother 1
A a

A i(1 + p )2 i(l+ p )q
Brother 2

a iq ( 1+p ) 4>q
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Table 2.1fr 

Brother 2 

A a

A ip 2 ' . £p ( i +q)

Brother 1

a ip (l£ q ) £ 0 +q )2

Now the jo in t  d istribution  of the brother-brother 

pairs under the f i r s t  generation of h a lf-s ib  mating can be 

obtained by pooling these two two-way tables by weighting 
them with p and q respectively , as given in table (2.15)*

Table 2.15

Correlation table o f brother-brother pairs under the f i r s t

generation of h a lf-s ib  mating 

Brother 2 

. A a Total

A $p(1+3p) . fqp p
Brother 1

a &pq iq(1+3q) q

Total P q 1
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The matrix of conditional p roba b ilities  o f
'■H.S"' B .B ’

brother-brotherpairs under the f i r s t  generations of half—sib 

mating can be w ritten  down as

M(1)
H.S B.B.

i ( l + 3 p )  ' f q  

f e ,  i ( i+ 3 q ) .
and th is  can be expressed as

M(1) 
H .S~ B.B

= * 1

10

0

1
+ i q

q .

C1~22 + 1̂“ C1^22

where, = i  

Hence,
r<D

H.S B.B
= ClP l + (1-C^P q

0.25 ( 2. 6 )

In the second generation of h a lf-s ib  mating there are 

four lin es  to be considered. By pooling a ll  the two-way 

tables obtained from these lin es  by weighting properly, 

we can get the fin a l correlation  table of brother-brother 

pairs in  the second generation of h a lf-s ib  mating as given 
in  table (2 .16 ).



64

Table 2.16

Correlation table o f brother-brother pairs under the second

generation o f h a lf-s ib  mating 

Brother 2 

A a Total

A _^_p(5+11p) i i  pq p-

Brother 1

a 11 PQ
l E

1 q(5+11q) T T q

Total p - q 1

(2 )Then the matrix , o f conditional probabilities
■ H.S~ B.B

o f brother^-brother pairs mnder the second generation o f  
h a lf-s ib  mating can be obtained as

M̂ 2  ̂ =
■ H.S ^  B.B.

and th is (can be expressed as
jgj( 2)

V,

1 (5+11p)
TE

t l p
l E

1 (5+11q)
l E

H.S B.B C2-22 + 1̂" C2^22
where, C 

Hence
2 = 

l 2)
H.S B.B

h ~ a'
313 ( 2 .7 )
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Wow, a fter finding out the two-way tables of frequencies 

of brother-brother pairs corresponding to the eight lin es  

in  the third generation of broth er-sister mating, and 

pooling them by weighting with the coressponding proportions, 

the correlation  table o f brother-brother pairs under the 

third generation of h a lf-s ib  mating can be obtained as given 

in table (2 .17 ).
Table 2.17

Correlation table of brother-brother pairs under the third
generation of h a lf-s ib  mating 

Brother 2

A a Total

A

Brother 1

_1 p(25+39p) P

a
!

||pq 1 q(25+39q) 
64 q

Total P' q. 1

9q

1 q( 25+39q) 64

Hence,
m( 3) 

H.S"" B.B
r  1 ( 25+39p)
I 64

which can be expressed as
m(3) 

H.S B.B. C3 ^22 + °22

where C-



Therefore,
-r ^3 ) = c

' H.S B.B 5 ■

* 25 = 0.391   (2 .8 )
ok

Proceeding sim ilarly, the correlation  table of brother- 

brother pairs under d ifferen t generations o f h a lf-s ib  mating 

and corresponding conditional probability  matrices therefrom 

can be obtained.

In general,

and hence ^  q

H.S B.B n

where
Cn = 0, i ,  5/16, 25/64, 117/256 , 529/1024, 2333/4096,

fo r  n = 0, 1, 2, 3, 4, 5, 6, etc.

The correlation  co e ffic ie n ts  of brother-brother pairs under 
the f i r s t  ten generations of h a lf-s ib  mating is  as given in 

table (2 .27 ). These correlations are represented graphically 
in F ig ,5 by curve (2 ).
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2.13 SISTER-SISTER CORRELATION

The method o f construction of the correlation  tables 

of s is te r -s is te r  pairs under the d ifferen t generations of 
h a lf-s ib  mating i s  exactly the same as in the case o f brother- 

s is te r  and brother-brother pairs, with a slight difference, 

that, here we pair each female with each o f her h a lf-s is te rs  

Instead o f forming brother-sister pairs or brother-brother pairs 

as was done in the former two sections (3.11) and (2 .12 ).

The proportions o f  the nine types o f s is te r -s is te r  

pairs under each male under random mating can be obtained 

as given in table (2 .18 ).

Table 2.18 
S is ter -s is ter  pairs

( AA, AA) ( AA, Aa) ( AA, aa) ( Aa, AA) ( Aa, Aa) ( Aa, aa) ( aa, AA) ( aa, Aa) ( aa, aa)

A
(p)

Males

ip 2 ipq 0 £pq iq 2 0 0 0 Q

a
(q)

0 0 . 0 0 i p 2 ipq  0 £pq iq 2

Hence the Joint d istribution  o f s is te r -s is te r  pairs under 
random mating can be obtained by pooling the corresponding pairs 

by weighting with p or q according as the male i s  A or a, as 
given in  table (2 .19 ).
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AA

Table 2.19 

S ister 2 

Aa aa Total

AA ip 3 ip 2q 0 ‘ ip 2

Si star 1

Aa ip^q ipq ipq2 ipq
aa 0 ipq2 iq 3 iq 2

Total ip 2 • ipq iq 2 i4

Standardising the above table so that the row tota ls

as well as the column tota ls  add up to unity, vre can write

down the correlation table as given in  (2 .20 ).
Table 2.20

Correlation table of si s te r -s is te r  pairs under random mating

Sister 2

AA Aa aa Total

AA 2 P <1 0 p2 ■

Sister 1 Aa p2q pq - pq2 2pq

aa 0 ■ Pq2 q3 q2

Total p2 2pq 1
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The correlation  coe ffic ie n t! , of  si s te r -s i ster
H.S S.S . '

pairs under random mating can be calculated from the above 

table by assuming additive genetic e ffe c ts  and using the 

product moment correlation  co e ffic ie n t  formula as

r (o) = £ . ■ — (2 .9 )
H.S S.S

The paternal h a lf-s is te rs  under random mating possess a 
common gene received from their common male parent, hence a 

correlation  of h a lf.

Now, the standardised two-way table of frequencies o f 

s is te r -s is te r  pairs corresponding to the two lin es  ( i )  and 

( i i )  in  the f i r s t  generation of h a lf-s ib  mating can be 

obtained as given in  tables (2.21) and (2.22) respectively .

Table 2.21 

Sister 2 

AA Aa aa

AA

Sister 1 Aa 

aa

4p(l+p)2
4pq(l+p)

0

4pqO+p)
4q(l+3p)

iq 2(i+p)

0

4q2d+p)
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Table 2.22 

S ister 2 

AA Aa aa

AA ip 3 ip 2(1+q) 0

Sister 1 Aa ip 2Cl+q) ip(l+3q) ipq(l+q)

aa 0 i  pq(l+q) iq ( l+ q )2

The jo in t  distribution  of s is te r -s is te r  pairs under the 

f i r s t  generation of h a lf-s ib  mating can be obtained by pooling 

these two two-way tables by weighting them with p and q 

respectively , as given in  table (2 .2 3 ).

Table 2.25

Correlation table of si s te r -s i ster pairs under the f i r s t
generation of h a lf-3 ib  mating 

S ister 2

AA Aa aa Total

AA £p2(1+3p) fp 2q 0 P2

Sister 1 Aa ip 2q W 2pq

aa 0 fpq2 iq 2( 1+3q) q2
1

Total p2 2pq q2 1



The correlation  co e ffic ie n t , r s , of s is ter-
H.S S. S

sis ter  pairs under the f i r s t  generation of h a lf-s ib  mating 

can be calculated from the above correlation  table, using 

product moment correlation  co e ffic ie n t  formula as,

r ( 1> = £  = 0.625 — (2.10)
H. S S. S 8

The correlation  table of si s te r -s i ster pairs under

the second generation of h a lf-s ib  mating can be obtained

by pooling the two-way tables corresponding to the four

lin e s  a fter  weighting them properly. I t  is  as given in

table (2 .2 4 ). ■

Table 2.24

Correlation table of si s te r -s is ter  pairs under the second

generation of h a lf-s ib  mating 

Sister 2
_____________________AA_____________Aa____________ _aa________ _ Total__

AA _1_p(l+15p+l6p2) 1 pq(3+16p ) 0 ip(1+7p)-
32 32 8

Sister 1 Aa 1 pq(3+l6p) ITpq 1_J?q(3+l6p) Zpq
32 16 32 4

aa 0 1_jpq(3+l6q) 1 q(l-i-15ci+l6a2) 1q(l+7q)
32 32 8

(1)

Total Tp(l+7j0
8

7pq
4

lq(l+7q)
8

1
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Hence the correlation  co e ffic ie n t , r  , o f s is te r -
H.S S.S

s is te r  pairs under the second generation o f h a lf-s ib  mating

can be obtained from the above correlation  table, using

product moment cbrrelation co e ffic ie n t formula as
r ^  ' = 0.694   (2.11)

H. S S. S
The correlation  table of s is te r -s i ster pairs under 

the th ird  generation of h a lf-s ib  mating can be obtained by 

pooling the two-way tables of frequencies of s is te r -s is te r  
pairs corresponding to each of the eight lin es  in the third 

generation, a fter weighting them properly, as given in 

table (2.25)
Table 2.25

Correlation table of s is te r -s is te r  pairs under the third

( 2)

,
generation of h a lf-s ib  mating

Sister 2
AA Aa aa Total

AA 1 d(21+149d+86d2) 
256

_ljpq(35+86p)
236

0 U?(7+25p
32

Sister 1 
Aa 1 pq(35+86p) 

25b ■
_1_pq(35+86q)
256 f i pq

aa 0 1 pq( 35+86 q) 
255

1 q( 21+149q+ 
^  86q2)

_!q.(7+25q)
32

Total 1 p (7+25p ) 
32 J£pq1b

1 q(7+25o) 
32

1
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The correlation  coe ffic ien t, rv J , of si s te r -s i ster
H. S S.S

pairs under the third generation of h a lf-s ib  mating can be 
obtained d irectly  from th is correlation  table, using product 

moment correlation  co e ffic ie n t  formula as

r ^  = 0.75 ----  (2.12)
H.S S.S

Proceeding sim ilarly, the correlations coe ffic ien ts

of s is te r -s is te r  pairs in the fourth, f i f t h ,  sixth, ........

generations o f h a lf-s ib  mating can be obtained. The 

correlation  co e ffic ie n ts  in  the f i r s t  ten generations o f 
h a lf-s ib  mating are as given in table (2 .2 7 ). These 

correlations are exhibited graphically in  F ig .5 by curve (5 ).

("5̂
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2.2 CORP̂ '-ATION BETWEEN PARENT AND OFFSPRING UNDER HALF-SIB

MATING SYSTEM
i

George (1974) has derived the generation matrices fo r  

the various parent-offspring pairs in the sex-linked gene case 

v i z . ,  mother-daughter, ,mother-son, father-daughter and father- 

son and has obtained the jo in t d istribution  and correlation  

co e ffic ie n ts  under the d iffe m t generations of fu l l - s ib  mating 

and parent-off spring mating system. Here an attempt is  made 

to extend the use of these generation matrices fo r  obtaining 

the correlation  co e ffic ie n ts  of the various parent-offspring 

pairs in the sex-linked gene case under the h a lf-s ib  mating 

system of inbreeding.

The d ifferen t types of parent-off spring pairs are considered 

seperately under the follow ing sections.

2.21 MOTHER -  DAUGHTER CORRELATION

The generation matrix, ^  D , o f mother-daughter pairs, 
obtained by George (1974) is  as given below.

#.D

1 0 0 0 0 0
0 1 0 0 0 . 0
0 0 0 0 0 0
0 0 4 0 0 0
0 0 4 4 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 1 0
0 0 0 0 0 1

(2.13)
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(n)
Hence the column vector, of jo in t  d istribution

of mother-daughter pairs under the n generation of h a lf- 

sib  mating can be obtained as,

= Aa n   (2.14)
~M.D ^ * D

where v ^  is  the column vector o f frequencies of h a lf-s ib  

mating types in the nth generation of h a lf-s ib  mating, as 

already obtained in section 2.11. The correlation  coe ffic ien t, 

, of mother-daughter pairs in  the n̂ *1 generation
H.S M.D

of h a lf-s ib  mating can be calculated from the correlation  

table formed from » by assuming additive genic

e ffe c t  and scoring AA, Aa, aa as 2, 1 , 0  respectively , 
fNow v v , the row vector of frequencies of brother- 

s is te r  mating types in the f i r s t  generation of h a lf-s ib  ■ 

mating ( i e . )  brother-sister pairs obtained a fter random 

mating is  given by

v ^ '  = ( V  P2q 2p2q 2pq2 pq2 q3J ( 2 .5 )

Hence the row vector, V m.D* frequencies o f mother-
daughter pairs In the f i r s t  generation o f h a lf-s ib  mating 
can be obtained as v

) 1 _ ^ ' '— M.D “  — A* ~  M, D
i e ' J^m!d = (̂p3 p2(l 0 p2(l pq pq2 0 p(l2 ^ J (2.16)

and the corresponding correlation  table can be formed from
( -n— M.D as Siven in  table (2 .26 ).



Table 2.26

Correlation table of mother-daughter pairs in  the f i r s t

generation of h a lf-s ib  mating

Daughter

AA Aa aa Total

AA p3 p2q 0 P2
Mother Aa p2q pq pq2 2pq

2 3 2aa 0 pq q q

Total p2 2pq q2 1

The correlation co e ffic ien t, , o f mother-
H.S M. D

daughter pairs in the f i r s t  generation of h a lf- sib mating

can be obtained from the above table as ■

= 0.5 ----  (2.17)
H.S M.D

In the same manner, the column vectors o f  the frequencies 

of the brother-si ster mating types in  the second, third and 

fourth generations o f h a lf-s ib  mating can be obtained as
v(2) _ A tr(2)



77

where v.^2\  v ^ )  and already obtained in section 1.1,

are as given in  (2 .2 1 ), (2 .22 ), and (2.23) respectively .

ip 2(1+3p)

,(2)

i ? 2a
£pq(l+6p)

£pq(l+6q)

fp q 2
£q2(l+3q)

ocx>

( 2 . 21)

v<3) _

v (4)

1_p(l+15p+l6p ) 
32 
1_Pq(3+l6p)
32

1pq(3+8p)
8

lpq(3+8q)
8

1_ pq(3+l6q)
32
1__q(l+15q+l6q2)
32

l_p (21+149p +86p 2) ̂
56 . .. J256
1 Po(35+86p) 

255
1 p q(57+86p) 

128
_Li>q(57+86q)
128

ii_ 1 p  q( 35+86q)
2 ^  0 1 
_1^q( 21+149 q+86 q ) |

(2.22)

(2.23)



Hence the column vectors -M .D

of frequencies of mother-daughter pairs in the second, third 

and fourth generations o f brother-si ster mating can be 

obtained as given in (2.24$, (2.25) and ( 2. 26) respectively .

v (2)
-  M.D

£p2(l+3p)

£p2q

0
tpq(l+6p)
8

pq

Ipq (l+6q) 
8

(2.24)

,<3)
- M.D.

5
I
5 •
k -

5

s
5
3
3

q

“ 1

iq 2(l+3q)

X j )(1+15p+16p2)
32

|rjPq(3+l6p) |j
' 3

3
3 
S

• I

1 pq( 3+8p)

Ipq 
8
1 Pq(3+8q)
16o
1„pq(3+l6q)
32 / P -y !_q(l+15q+l6q ) B

(2.25)
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1 p(21+149p+86p^) 
256
 p ^ i+ w p + sb p ^ ;
25

0 1 Po(35+86p) *
1 * *  I5 o  ' 5
\ *S __I p  qC 57+86p) 55 255 5

V(m! d« ! §§  P<1 ‘ * <2' 26)

5

x -J_Pq(57+86p) J
X B 5  . . 5
I 0 ' J31 31
I J _ P  Q.( 35+86q) \31 256 5
5' 1 q(21+l49q+86q2) 5
5 B S

The correlations between the mother and daughter in  the

second, third and fourth generations o f h a lf-s ib  mating are

calculated from the correlation  tables formed from

y( 2) y(3) ■ y(4) as
-  M.D » — M.D -  M.D

r (2)
H.S M.D = 0.5893 ' (2.18)

= 0.6672 (2.19)
H.S M.D

= 0.7249 (2.20)
, H.S M.D
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Proceeding sim ilarly, the correlation  co e ffic ie n ts  of 

mother-daughter pairs in the f i f t h ,  sixth, seventh etc. 

generations o f  h a lf-s ib  mating can be calculated. The 

correlations o f mother-daughter pairs in the f i r s t  ten 

generations of h a lf-s ib  mating is  given in  table (2 .27 ). These 

correlations are exhibited graphically in  Fig. 5 by curve (4 ) .

2. 2 MOTHER-SON CORRELATE ON

The jo in t  distribution  o f mother-son pairs in the n 

generation o f h a lf-s ib  mating can be obtained as

^  (2.27)■M.S M.S

where
f n'lV. ; is  the column vector o f frequencies of mother-son
M.S

pairs in  the nth generation of h a lf-s ib  mating, i s  the

column vector o f frequencies of brother-sister mating types 
thin  the n generation o f h a lf-s ib  mating and g i s  the 

generation matrix of mother-son pairs as derived by George (!974) 
as given below. ^

fl
n

•'I 0 0 0 . 0

1 0
0 0 0 0 0

1 0 0 •& i 0 0

1 0
0 0 0 .0 0

u ° .
0 0 0 1 1

^ M .S . “  | 5 (2.28).
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Thus by substituting the vectors v ^ ,  311(1

v ^  as given in  (2 .15 ), (2 .2 1 )," (2 .2 2 ) and (2 .23 ), the column

vectors V^jjg, — & s 9 -^ M .S  311(1 - m ! s  of frec^ encies o f

mother-son pairs in the f i r s t  four generations o f h a lf-s ib  

mating can be obtained as given below.

r 2P i
11

! ° !
5 *

«  5 P q  5 (2.29)
M*s 5   5pq

o
8

5
I 2 5
5 B  5
5oo CoJL

r  “ 1

! »  *,

-  J ? q I (2 -5 °)

j |pq I
5 3  S
S o  «
i 55 i q d + 7 < i )  {

8 I
oaji
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(3)
I  M.S

_1_p(7+25p) 
S 32
5 0
5 0

| SSp i
5 32

2§pq
32

0
I

1_q(7*25q) K
32 ' s

QE*Sx|

(2.31)

v (4)— M.S

1 p (39+89p) 
128

§2_pq
128

89 pq 
128

(2.32)

0

„1_q( 39+89q) | 
128 QQSlrjt

The correlation  co e ffic ie n t o f mother-son pairs in  the f i r s t ,

second* third and fourth generations o f h a lf-s ib  mating can be
( i ̂  v(obtained from the co lle la tion  table formed from ^ ^  M g> 

^ I (4[ s respectively  as



83

(2.33)

(2.34)

(2.35)

(2.36)
H.S M.S

Proceeding sim ilarly the correlation  coe ffic ien ts  

of mother-son pairs in the f i f t h ,  sixth, seventh etc. 

generations of h a lf-s ib  mating can be calculated. The 

correlation  co e ffic ie n ts  of mother-son pairs in  the f i r s t  

ten generations of h a lf-s ib  mating is  given in  table (2 .2 7 ). 

These correlations are represented graphically in  F ig .5 

by. curve (5 ).

2.23 FATHER-DAUGHTER CORRELATE ON

The column vector, of the jo in t  d istribution
F.D

tilof father-daughter pairs in  the n generation of h a lf-s ib  
mating can be obtained as

4 ? d  = “ p - D - n )  ■■■ ( 2 , 3 7 )

where.
Âp̂ D i s  the generation matrix o f father-daughter 

pairs, as defined by George (1974) as

H.S M.S
0.707

r <2)
H.S M.S

0.750

r (3)
H.S M.S

0.781

,(4) 0.808
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r • -  ■ -  -  -  i
| U U U U U .  U j

5 o o £ o 1 o ££

F. D -  5
5 
5

1 0 * 0 0 0

0 0 0 0 0. 0

0 0 * 0 1 0

0 1 0 h 0 0

0 0 0 0 0 0
V

0 0 0 i 0 1

£
A ^ n = \  O T U ^ U U  t  ( 2 b 3 S )

£

I
g o u u ^ u n  j[

CCô jj

Substituting the values o f _v̂ n\  (n = 1, 2, 3, 4 ), as 

given in  (2 .15 ), (2 ,2 1 ), (2 .22 ), (2.23) a n d A ^ ^ , the

the column v e c t o r s d ( n = 1» 2, 3, 4) o f frequencies 
o f mother-son pairs in  the f i r s t  four generation o f h a lf- 

sib mating can be obtained as given below.

2 n rP
£a

l  0 «
5

p q  £

£ S
V^1) 5 pq * (2.39)

~ F ‘ D £ 5
£ 0 5
5 2 I
5 a

®aQe* oooj. '
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-CSasEt-
1_p(l+7p)

5 8 jj

5 o 8
5 7 *5 Ipq

( 2) „  ? 8 5
8

s 8
o 5
iq (l+ 7q) f

5 8 *

1 = 5F.D j Zpq

8 
8

1P0’0' o=eaj>
* 1_p(7+25p) f
5 32 }
5 o 55 I!

y( 3) _ < 2gpq 5
I 32 5K 2gpq g
* 32 ;8 5
5 o 5

5 ■ 1_q(7+25q) 3
8 32

F.D

! JL_P(39+89p) „
C 123 . 8

8
o i8

8 8
5 £2_pq 8

y(4) 5 123 j

F,D‘ ® S9 pg 8
I ^28 8
5 o §
*X _l_q ( 39+89q) }
* 1 2 8  8

«=o8

( 2.40)

(2.41)

(2.42)
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The correlation  coe ffic ien ts  o f  father-daughter pairs 

in  the f i r s t  four generations of h a lf-s ib  mating can be 

calculated d irectly  from the correlation  tables formed

from > respectively  as given below.
''F.D F.D F.D F.D

^2.43)

(2.44)

(2.45)

(2.46)

In a similar manner, the correlation  coe ffic ien ts  o f 

father-daughter pairs in  the f i f t h ,  sixth, seventh, etc. 

generations o f h a lf-s ib  mating can be calculated. The 

correlation  co e ffic ie n ts  of father-daughter pairs In the 

f i r s t  ten generations of brother-sister mating are given 

in table (2 .27 ). These correlations are represented graphically 
in  Fig. 5 by curve (5 ).

r v '- «  0.707
H.S F.D

r*2) = 0.750
H.S F.D

r ^  a 0.781
H.S F.D

r ^  = 0.808
H.S F.D



Table 2.27
Correlations o f the various re la tiv e  pairs in  the sex-linked gene case, under d iffe ren t generations

of h a lf-s ib  mating system.

Correlation 0 1 2
Generation (n)
3 4 5 6 7 8 9 , 10

Brother -s is t e r
correlation

r (n)
H. S B. S

0 0.177 0.292 0.390 0.472 0.5^0 0.598 0.648 0.691 0.728 0.761

Brother^ si ster
correlation

(n) 0 0.250 0.313 0.391 0.457 0.517 0.570 0.617 0.659 0.696 0.729
H. S B.B

S iste r -s is te r  co r re la t io n  ^ 0.625 0.694 0.750 0.792 0.825 0.851 0.373 0.891 0.906. 0.918
H. Sr S. S

Mother-daughter 
correlation  

r (n)
H. Sr  M. S

0.5 0.500 0.589 0.667 0.725 0.770 0.805 0.834 0.858 0.878 0.893

Mother-son correlation  
r (n)

H. S r M. S
0.707 0.707 0.750 0.781 0.808 0.831 0.851 0.869 0.884 0.897 0.909

F ather-daughter •
correlation

(n) 0.707 0.707 0.750 0.781 0.808 0.831 0.851 0.869 0.884 0.897 0.909
H.S r F.D

Note: 0 generation stands fo r  random mating. 00
"■J
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■ SUMMARY 

AND 

CONCLUSION

The ob jectives o f  the present investigation  en titled  

'a  study o f h a lf-s ib  correlations and parent-offspring 

correlations under.half-sib  mating system' ,  was mainly 

th ree-fo ld , v iz . ,  ( i )  to derive the jo in t  d istribution  -  

correlation  table as well as the correlation  o f h a lf—sib 

pairs under d ifferent generations of h a lf-s ib  mating, in the 

case o f autosomal genes, assuming single locus with two a lle le s ; 

( i i )  to derive the jo in t distribution  -  correlation  table as 

well as the correlation  of parent-offspring pairs under 

d ifferen t generations o f  h a lf-s ib  mating, in  the case of 

autosomal genes, assuming single locus with two a lle le s  and 

( i l l )  to derive the jo in t d istribution  correlation  table and 

the correlation  between both the parents and several offspring 

as well as one parent and several o ffspring  under d ifferen t 

generations o f h a lf-s ib  mating, in the case of autosomal genes, 

assuming single locus with two a lle le s .

Over and above th is , an attempt was also made to study 

the jo in t  distribution  -  correlation  table as well as the 
correlation  between the d ifferent h a lf-s ib  pairs, v i z . ,  
brother -  s is ter , brother-brother and s is te r  -  s is te r  and 

also the correlations o f d ifferen t parent-off spring pairs, 
v iz . ,  mother-daughter, mother-son and father-daughter, in 
the sex-linked gene case.



89

Very l i t t l e  work had been done in  the case o f half—sib 

mating system especially  to derive the jo in t  d istribution  

and hence to obtain the correlation  co e ffic ie n t  o f d ifferen t 

re la tive  pairs. As the generation matrix in  th is  system 

cannot be easily  obtained, George (1979) made an attempt
j

to derive the jo in t d istribution  of h a lf-s ib  pairs from the 

f i r s t  princip les, in the autosomal gene case. He confined 
h is study to the f i r s t  three generations o f h a lf-s ib  mating.

In the f i r s t  chapter, the jo in t  d istribution  o f h a lf-/
sib pairs under the fourth generation o f h a lf-s ib  mating 

was derived from f i r s t  princip les and the corresponding 

correlation  was worked out therefrom. Further, a series o f  

h a lf-s ib  correlation  co e ffic ie n ts  fo r  the f i r s t  ten generations 

o f h a lf-s ib  mating was obtained as given in  table (1 .1 6 ). I t  

could be observed from th is  table that the correlation  

co e ffic ie n t  steadily increases from 0.250 under random mating 

to 0.858 under the tenth generation o f h a lf-s ib  mating.

This is  fu l ly  in agreement with the princip les o f inbreeding. 

The chapter further concerned with the derivation o f the jo in t 

d istribution  of parent-offspring pairs and the calcu lation  of 

parent-offspring correlation , adopting the generation matrix 
approach. The correlation  co e ffic ie n ts  o f parent-off spring 
pairs in the f i r s t  ten generations o f h a lf-s ib  mating were 
worked out and given in table (1.16)• The table indicated 

that the correlation  increases from 0 .5  under random mating to 
0*908, in  the tenth generation of h a lf-s ib  mating, which i s
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also in fu l l  agreement with the phenomena of inbreeding. 

These two correlations, h a lf-s ib  correlation  and parent-
ed.

offspring correlation,were exhibitA graphically in F ig .2 

by curve (2) and curve ( l )  respectively . A comparative 

study o f these two curves revealed that the parent-offspring 

correlations are comparatively of higher order than h a lf- 

sib  correlations. The former was double the la tte r , under, 

random mating; but the gap was found to reduce as the number 

o f generation increased. In the tenth generation, the 

d ifference between the two correlations was only by 0.05. 

This shows that h a lf-s ib  correlation  increases at a fa ster  

rate than parent-offspring correlation , as the inbreeding 
goes on.

*■ t* '

Under section 1.31 in chapter 1, a general term fo r  the 

correlation  between both the parents and k offspring  under 

each of the f ir s t  ten generations was derived (Table 2.18) 

in the lin e s  o f George (1979). By giving d ifferen t values 

to k from 1 to 10 the correlation  co e ffic ie n ts  between both 

the parents, and k offspring fo r  the f i r s t  ten generations 

of h a lf-s ib  mating were worked out as given in table (1 .19 ). 

These correlations were also exhibited graphically in  F ig .3. 

The correlations' were found to be of very high order ranging 

from 0.707 to 0.994- and beyond the 5th generation o f h a lf- 

sib mating, the correlations were o f  the order 0 .9 , even 

when k = 1. This indicated that the correlations attain a 
saturation point In twelve generations or so. From Eig.3
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i t  could be noted that the correlation  increases very rapidly 

fo r  smaller values o f k i e . ,  when k = 1 to 5* and fo r  further 

values of k, the increase in correlation  is  very n eg lig ib le . 

However, in  a ll generations, there is  a tendency shown by 

the correlation  to attain unity as the number o f  offspring 

increases.

Under section 1.32, the correlation  between one parent 

and k offspring was dealt with. The expressions fo r  the 

correlation  co e ffic ie n t  fo r  the f i r s t  ten generations o f h a lf- 

sib mating, in  the general case o f k offspring , was derived 

as given in  table (2 .2 1 ). By giving values to k from 1 to 10 

the correlations between parent and k offspring fo r  the f i r s t  

ten generations of h a lf-s ib  mating were worked out as given 

in table (2 .22 ). Here also, as in the previous case, the 

correlation  was found to increase as n, the number o f 

generations and k, the number of o ffspring , increase. But 

the range of correlations was rather wide -  from 0.50 to

0.953* These correlations were exhibited graphically in  

F ig .4. Which revealed that the correlations increase rather 

steadily from k = 1 to 5 and beyond k = 5 the increase was 
almost in  a linear fashion.

A comparative study o f  these two correlations^ as given 

in table (2.19) and (2,21 )̂  Indicated that the correlations 
in both parent case are comparatively o f higher order than 
that o f one parent case. By comparing the graphs of these



two correlations (Fig. 3 and F ig .4 )it  was observed that the 

trend In F ig .4 is  the same as that in  F ig .3, but in the 

la t te r  case the-curves were s lig h tly  depressed a ll along,
i

since the rate of increase was rather le s s  in  th is  case.

Chapter 3 concerned with the correlations o f d ifferen t 

relative pairs, v iz . ,  brother-si ster, brother-brother, 

si s te r -s i ster, mother^-daughter, mother-son and father-daughter, 

in the case of sex-linked genes. In a ll  these six  cases, 

the jo in t distributions were derived and the correlation  

co e ffic ie n ts  worked out fo r  the f i r s t  ten generations. The 

correlations o f the d ifferen t re la tive  pairs in the f i r s t  ten 

generations were given in  table (3 .2 7 ). From th is table i t  

was noted that the mother-son correlations and the father- 

daughter correlations are identica l and are o f  very high 

order ranging from 0.707 to 0.909. But, as the rate of 

Increase was re la tive ly  high in the case o f  s is te r -s is te r  

correlation , i t  exceeded even the mother-son correlation  a fter 

the sixth generation. . However, the s is te r -s is te r  correlation  

was found to be o f much higher order than brother-brother 

and brother-sister correlations, at every generation o f h a lf- 

slb mating. I t  was also noted that the correlations o f a ll  

these six  types o f re la tive  pairs’ w ill, be tending to unity 

as the number of generations increases in d efin ite ly . Further, 

the mother-daughter correlations in the sex-linked gene case 
were the same as the parent-offspring correlations in the 

autosomal gene case except fo r  a sh ift  of one generation.

92
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Another interesting point noted was that the jo in t

d istribution  and correlation  co e ffic ie n t of brother-brother
/

pairs can be easily  worked out in  the same lin es  explained 

by Li and Sacks (1954-).

A comparative study o f a ll  these six  types of correlations 

was also made graphically as shown in  F ig .5. From th is 

figure i t  can be observed that the correlation  under random 

mating and under the f i r s t  generation o f h a lf-s ib  mating 

remains the same in  the case of mother-daughter pairs as 

well as mother-son pairs. The brother-brother correlation  

was noticed to be the lowest order correlation  among a ll  and 

there was a constriction  between generations (1) and ( 2) 
as the rate of increase in correlation  reduced considerably 

a fter the second generation o f h a lf-s ib  mating.
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ABSTRACT

A purely theoretical investigation en titled  ’ a study 

of h a lf-s ib  correlations and parent-off spring correlations
i

under h a lf-s ib  mating system* was carried out with the 

follow ing ob jectives.

i )  to derive the jo in t  d istribution  -  correlation  

table as well as the correlation  of h a lf-s ib  pairs under 

d ifferen t generations o f h a lf-s ib  mating, in  the case o f 

autosomal genes, assuming single locus with two a lle le s .

i i )  to derive the jo in t  d istribution  -  correlation  

table as well as the correlation  of parent-off spring pairs 

under d ifferent generations of h a lf-s ib  mating, in the case 

of autosomal genes, assuming single locus with two a lle le s .

i i i )  to derive the jo in t  d istribution  -  correlation  

table and the correlation  between both the parents and 

several offspring as well as the correlation  between one 

parent and several offspring under d ifferen t generations o f  

h a lf-s ib  mating, in the case of autosomal genes, assuming 

.single locus with two a lle le s .

iv ) to derive the jo in t  distribution  -  correlation  table 
as well as the correlation  of the d ifferent ’ h a lf-s ib  pairs, 

v iz . ,  brother-si ster, brother-brother and s is te r -s is te r  and 

also the correlations of d ifferen t parent-off spring pairs, 

v iz . ,  mother-daughter, mother-son and father-daughter, in
the sex-linked gene case.



As the generation matrix of h a lf-s ib  pairs is  too 

tedious to derive, the Joint distribution  of h a lf-s ib  pairs, 

both in the autosomal gene case and sex-linked gene case, 

was derived from f i r s t  principles and the correlation  was 

calculated from the correlation  table, assuming additive 

genic e ffe c ts  and by using the product-moment correlation  

co e ffic ie n t  formula. The correlations were worked out fo r  

the f i r s t  ten generations o f h a lf-s ib  mating.

The Joint d istribution  of parent-offspring pairs under 

h a lf-s ib  mating system, both in  the autosomal gene case and 

sex-linked gene case was derived by using the generation 

matrix approach. Here also, the correlations were worked 

out fo r  the f i r s t  ten generations of h a lf-s ib  mating.

A comparative study of the h a lf-s ib  correlations and 

parent-offspring correlations, conducted both numerically 

and graphically, revealed that even though the h a lf-s ib  

correlations are of lower order than parent-off spring 

correlations, the rate of Increase in  the former is  much higher 
than the rate of increase in the la t te r .

Among the correlations of various h a lf-s ib  pairs in  the 

sex-linked gene case, the correlation  o f s is te r -s is te r  pairs 
was found to be of the highest order. I t  was also observed 

that the correlation  of brother-brother pairs can be easily  

obtained by the I.T.O method-developed by Li and Sacks (1954). 
Regarding the various parent-offspring pairs, mother-son



correlations and father-daughter correlations were found to be 

the same and there was no correlation  between father and son 

which is  quite lo g ica l in  the case o f h a lf-s ib  mating as the 

son receives his fa th er 's  y-chromosome.

A comparative study of the h a lf-s ib  correlations and 

parent-offspring correlations in the sex-linked gene case 

was carried, out both numerically and graphically. I t  was 

noted that even though the mother-son correlations and the 

father-daughter correlations are o f very high order ranging 

from 0.707 \ to 0.909* t.'he si s te r -s i ster correlation 'exceeds 
the id after the sixth generation. From th is  i t  i s  obvious 

that the correlation  between s is te r -s is te r  pairs increases 

much rapidly than the correlation  between mother-son or 

father-daughter pairs. I t  was also noted that the correlations 

of a ll  these six types of relative pairs tend to unity as 

the number o f generations increases in d efin ite ly .

A study was also made on the correla tion  between both 

the parents and k offspring  as well as that between one parent 

and k offspring , in  the case of autosomal genes. A general 

term ( ie .  when number o f offspring is  k) fo r  the correlation  

in  each of the above cases was derived fo r  each o f  the ten 

generation o f h a lf-s ib  mating. The correlation  were found to 
increase with the number o f generations and k, the number 

o f offspring . I t  was also noted that the correlations in  both 
parent case are comparatively o f higher order than that o f 

one parent case and the rate o f increase in  the former was



much greater than the rate o f increase in  the la tte r , 

numerical values o f these correlations were worked out 

f o r  k a 1 to 10 and also fo r  the f i r s t  ten generations 

o f h a lf-s ib  mating as given in  table (1.19) and (1.22) 
respectively .

The




