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Summary "

A study of correlation between the various full-sib pairs and
parent-offspring pains by evolving joint distributiors of relative pairs
have been made. Sister-sister pair correlation is maximum at every
generation of full-sib mating follovred by mother-son and father-daughter
correlation. The correlations between mother-son, pair and father-
daughter pair arc identical. The amount of correlation between father
and son increases as the member of generations, of inbreeding increases ;
but they arc uncorrelated under random mating.

I. Introduction

The problem of correlation between relatives in the case of
sex-linked gene has been studied by several authors such as Fisher [I],
Haldane [4L Li [6], Korde [5], George add Naraiu [3]. Fven though,
Fisher, Haldane and Li derived the generation matrix for full-sib
mating with sex-linked genes, it is in fact Korde and George, who
made use of this generation matrix technique in studying the inbreed
ing systems. The problem 6f studying the various full-sib and
parent-offspring pairs under contineous system of full-sib mating in
the sex linked gene case has not been completely explored by any of
these authors. In this paper a study of correlation between the
various full-sib pairs-viz ; (i) brother-sister, (ii) Sister-sister,
(iii) brother-brother and various parent-offspring pairs-viz: (i) mother-
daughter, (ii) mother-son, (iii) father-daughter (rv) father-son, under
full-sib mating (sex-linked gene case) by evolving the joint distribu
tions of the relative pairs, have been made.
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2. Case of Full-Sib Pairs

2.1. Brother-Sister Correlation

Consider a male as heterogametic sex (A or a) and a female as
homogametic sex (AA, Aa, ad). Now there will be six mating types
in the case of sex-Linked genes, at a single locus with two alleles say
A and a. They are AAXA, AAXa, AaXA, AaXa, aaXA and
aaXa. Let the frequencies at the initial generation of these six
mating types be vif, ¥{{', respectively.

The generation matrix of full-sib pairs (brother-sister pairs) are
obtained as follows:

Mating types

•

Freq.
Brother-sister pairs

with respective
proportions

AAxA iAA,A)

AAxa (Aa, A)

AaxA • vi^ . (AA.A),(AA,a),(Aa,A),(Aa,a)
i • i. i , i •

AaXa
1/(0)
•^10 (Aa, A), (Aa, a), (Aa, A), (aa, a)

i i i i

aaxA
T/(0) (Aa, a)

aaXa *^00 (aa, a)

Let the frequency of the six brother-sister pairs under random mating
be denoted by vif, Voi\ respectively. • These
frequency can be worked out as follows :
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These relation-ships in the matrix notation can be written as

I.e. :

I 0 i 0 0 0

0 0 i 0 0 0 Vi^

0 I 0 i 3 1

0 0 -i i I 0 Vi^

0 0 0 i 0 0

Vi'o' 0 0 0 i 0 1

where Aos is called the generation matrix for full-sib (brother-sister)
mating in the case of sex-linked gene.

Denoting the vector of frequencies for the n"' generation of
full-sib mating in the case of sex-linked gene as F'"\ the recurrence
relation for the vector of frequencies, is given by

where

and

K""=^?_,.,F(o)

yjov y(0) yfo) y(0) y(c) yMJ

ylny yM y(u) yw yM yM]

•••(1)

Hence the frequency in the ?i"' generation can be worked out'if one
knows the matrix Ai,-, as well as the Initial vector. •

Consider a single locus with two alleies 'A' and 'a' with propor
tion/? and q (=l-p) respectively. Then 7'°', thevector offrequencies
of the six mating types under random mating in the sex-linked gene
case would be F'°'' =(p^, p^q, Ipq^. pq^, q^). Now the vector of
frequencies of the brother-sister pairs under random mating, 1st
generation and 2nd generation of full-sib mating in the sex-linked
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gene case, can be worked out as shown below, by using equation (1).

ip'q

Ipq (1+2/?)

lpq{l + 2q)

ip' (1+?) J

yw =

kp {l + 5p+2p^)

kpq {l+2p)

2pq{^+p)

\pq (1+/7)

\pq{l-^2p)

[ -|?(l + 5?+2^ ) J

7(2' =

(kp{2-\-5p+p')

kpqii+p)

ipq {l+p)

\pq (2+9)

\pq (I+^r)

\p(.2+q+5q')^

The joint distributian (correlation table) of brother-sister pairs
under the first generation of full-sib mating can be written as in
Table I.

TABLE 1

Joint distribution of brother-sister pairs in tlie first generation
of full-sib mating.

Sister

Total

. AA Aa aa

A

Brother

a

Y (l+5;7+i)2)

q-a+2p)

-f-(l+(7) ^(1+2?)

(1+59+5')

P

1

Total ^(1+3/.) 3 -f-(l +3</) 1

The correlation coefficient between brother-sister pair in the first
generation of full-sib mating is worked out directly from the joint
distribution by assuming additive genie effects as j£^^|=0.474.

Similarly the joint distribution of the brother-sister pairs in the
2nd 3rd, etc., generation of full-sib mating can be obtained. The
correlation coefficient between brother-sister pairs in ten generations
of full-sib mating in the sex-linked gene case is as given in Table 8.
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2.2. Sister-Sister Correlation

The vector of frequencies of sister-sister pairs can be either
obtained by pairing the female offspring of full-sib mating within
each of the mating types, or by multiplying the vector of frequencies
of full-sib mating by the generation matrix of sister-sister pairs,
which is obtained in the similar lines as explained in 2.1 and Ass can
be worked out as

As—s

1 0 i 0 0 0

0 0 i 0 0 0

0 0 0 0 0 0

0 0 i • 0 0 0

0 1
• ('

I i I 0

0 0 0 i 0 0

0 0 0 0 0 0

0 0 0 k 0 0

0 c 0
•

0 1

Hence the joint distribution of sister-sister pairs under the first
generation of full-sib mating (sex-linked gene case) can be written as
shown in table 2.

TABLE 2

Joint distribution of sister-sister pairs in tlie first generation of full-sib mating

Sister II

A A Aa aa Total

aa

Sister 1 Aa

aa

f-{l +5p+2p')

0

f(i+2p)

PQ

^(1+2?)

0

f (1+2<7)

-|-(l-f5(/+29»)

f(l+3/>)
3

-j(l +3?)

Total ^(1+3/.) 3
YPo |-(1+39) 1
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The correlation coefficient between the sister-sialer pairs in
the first generation of full-sib mating can be obtained directly from
the joint distribution (assuming the additive genie effects) as

Similarly the joint distribution and correlation coefficient of
sister-sister pairs in 2nd, 3-rd etc. generations of full-sib mating can
be worked out. The correlation coefficient between sister-sister pairs
in ten generations of full-sib mating is as given in table 8.

2.3. Brother-Brother Correlation

The joint distribution of brother-brother pairs can be obtained
either by pairing the male-offspring of full-sib mating within each of
the mating types, or by multiplying the vector of frequencies of full-
sib mating by the generation matrix of brother-brother pairs,
which can be derived the same way as explained in section 2.1 and
Ab-b can be obtained as

Ab-b —

' I I i i 0 0 -

0 0 i i 0 0

0 0 I i 0 0

_ 0 . 0 h i 1 1 ^

Hence the joint distribution of brother-brother pairs in the lirsl
generation of full-sib mating (sex-linked gene case) can be worked
out as shown an table 3.

TABLE 3

Join tdistribution of brotlier-brotlier pairs in tlie first generation of
fuii-sib mating

Brotiier II

A a Total

A ^(5+2p) , 3
YP1 P

Brother /

a f- (5 +3?) <7

Total P 9 1
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The matrix of conditional probabilities in this case can be
written as

where

and

jM(i) _
i (5+3J5 1/7

. i- (5+3^) .

This can be split as a function of_/22 and O22 as

Similarly the conditional probability matrix in the case
of brother-brother pairs, under the 2nd generation of full-sib mating
can be written as

- I 0 "

L 0 I _

" P Q '
3

- P q -

In general the matrix of conditional probabilities ofbrother-
brother pairs under full-sib mating can be written as

where

J-^"2B= Cn 722+(1 —c„) ..•(2)

Cfr

1 _5_ H 24 51 107 222 457
T' 8 ' 16' 32' 64' 128 ' 256 ' 512

etc. ...(3)

for n the number of generation, is 0, I, 2, 3 etc. The correlation
between brother-brother pair can be calculated by using thetechnique
explained by Li and Sacks [7] as

4-B=+ i^-c„)ro - (4)

where c„ is as given in (3), and ^=1, ;-o=0, (for 77 and are the
correlationcoefficients calculated from the two way tables obtained
by multiplying the rows of /22(«) and c?22 hy p\ 2pq and(/^repectively).
Hence we get s^^%=c„. The values of the correlation coefficients
between brother-brother pairs under full-sib mating (sex-lined gene
case) in ten generations are given in table 8.
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3. _Casb of Parent-Offspring Pairs

3.1. Mother-daughter Correlation

The joint distribution of mother-daughter pairs in the first
generaiion of full-sib mating can be obtained either by pairing the
female parent and female offspring in the first generation of full-sib
mating or bymultiplying the vector of frequencies of full-sib mating
by the generation matrix Bm-d of the mother-daughter pairs which
can be derived in the similar lines as explained in section 2.1
and Bm-d can be viforked out to be

Bm-d =

' 1 0 0 0 0 0 ^

0 1 0 0 0 0

0 0 0 0 0 .0

0 0 1 0 0 0

0 0 I 0 0

0 0 0 I 0 0

0 0 0 0 0 0

0 0 0 0 1 0

^ 0 0 0 0 0 1 _
nence me jomt aistridution oi mother-daughter pairs under th(

1st generation of full-sib mating can be written as shown in table 4.
TABLE 4

er-daughter pain
full-sib-mating

TABLE 4

Correlation table of mother-daughter pairs, in the first generation of
fiill-Kih-miifinn

Daughter

AA Aa aa Total

AA

Mother Aa

aa

^(l+2p)

0

m

1 a

0

^•(1+29)

I* (1+9)

P'

2pq

9*

Total
3 |-(1+39) 1
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The correlation coefEcieut between the mother-daughter pairs
in this case can be worked out directly by assuming additive genie
eiTects as 0.610.

Similarly the joint distribution.and correlation coefficients of
mother-daughter pairs in 2nd, 3rd, 4th, etc. generations of full-sib
mating can be obtained. Thecorrelation coefficients between mother-
daughter pairs in ten generations of full-sib mating are worked out
and is as shown in table 8.

3.2. Mother-Son Correlation

The joint distribution of the mother-son pairs in the first
generation of full-sib mating can be obtained, either by pairing the
female parent and male offspring from the first generation of full-sib
mating or bymultiplying thevector of frequencies of full-sib mating
by the generation matrix Bm-s of mother daughter pairs, which can
be derived in the similar lines as explained [in section 2.1 and Bm-s
can be worked out as

Bm-s

- 1 1 0 0 0 0 ^

0 0 0 0 0 0

0 0 1 1 0 0

0 0 i 0 0

0 0 0 0 0 0

- 0 0 0 0 1 I ^

Hence the joint distribution of mother-son pairs under the 1st
generation of full-sib mating can be written as shown in table 5.

The correlation coefficient between the mother-daughter
pairs in this case can be worked out directly by assuming additive
genie effects as

=0.790

Similarly the joint distribution and correlation coefficients
of the mother-son pairs in the 2nd, 3rd etc., generations of full-sib
mating can de obtained. The correlation coefficients between mother
and son in ten generations of full-sib rnating is as given in table 8.
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TABLE 5

Correlation table of the mother-son pairs in the first generation of
full-sib mating

51

Son

A a Total

AA 0 •f-a +3p)

Mother Aa

aa

3
^PC{

0

li

^(1+39)

3

YP1

j-a+3q)

Total P <? 1

3.3. Father-Daughter Correlation

The joint distribution of father-daughter pairs in the first
generation of full-sib mating can be obtained either by pairing the
male parent and female offspring from the first generation of full-sib
mating or by multiplying the vector of frequencies in the first genera
tion of full-sib miting by the generation matrix Bf-d of father-
daughter pairs, which can be derived in the similar lines as explained
in the section 2.1 and Bf-a can be worked out as

5/-d—

I 0 0 . 0 0 ~

0 0 I 0 1 0

0 0 0 0 0 0

0 0 0 0 0 0

0 1 0 4 0 0

0 0 0 i 0 I _>
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Hence the joint distribution of father-daughter pairs under the
1stgeneration of full-sib mating can be written as shown in table 6

TABLE 6

Joint distribution of father-daugiiter pairs in the first generation
of full-sib mating

Daughter

AA Aa aa Total

A f (l+3/>) \p<i 0 P

Father

a 0 •f (1 +3?) I

Total f d+Bi') •^Pi |-(l+3?) 1

The correlation coefficient , between the father-daughter
pairs in thii> case can be worked out directly by assuming additive
genie effects as

4-5=0-790

Similarly thejoint distribution and correlation coefficients of '
the father-daughter pair in the 2nd, 3rd etc. generations of full-sib
mating can be obtained. The correlation coefficients between father
and daughter in ten generations of full-sib mating is given in table 8.

It is interesting to note that these joint distributions and the
correlation coefficients are exactly same as that of mother-son pair
case.

3.4. Father-Son Correlation

The joint distribution of father-son pairs in the first generation
of full-sib mating of either obtained by pairing the male parent and
male offspring in that mating or by multiplying the vector of frequen
cies in the first generation of full-sib mating by the generation
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matrix Bf-s of father-son pair, which can be derived in the similar
lines as explained in the section 2.1 and Bf-s can be worked out as

I

0

0

0

0

0

1

0

h

0

0

0

0

I

0

1

0

0

0

0

0

I

Hence the joint distribution of father-son pairs under the 1st
generation of full-sib mating can be written as shown in table 7.

TABLE 7

Joint distribution of father-son pairs in tlie first generation of
full-sib mating

Son

A a Total

A ip(.l+3p) iPQ P

Father
i 9(1 + 39)a Q

Total P Q 1

The matrix of conditional probabilities of father-son
pairs in this case is obtained as

~ i (1+3/?) iq

l^p i(l +3g)J
This can 3be split into a function of/22 and 022 as

Similarly the matrix of conditional probabilities of
father-son pairs in the case of second generation of full-sib mating
can be expressed as a function of I22 and^22as
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In general the matrix of conditional probabilities of father-son
pairs under full-sib mating can be written as

s^[rls=DnhM-D,;)o^^

^ « 1 3 8 19 43where T ' T ' ' IT ' -(6)

for, n, the number of generation, is 0, 1, 2, 3 etc. The correlation
between father-son pairs can be calculated by using the technique
explained by Li and Sacks (1954) as

where rj—l and rg—O as explained in section 2.3. The values of the
correlation coelBcients between father-son pairs under full-sib mating
(Sex-linked gene case) is as given in table 8.

4, Conclusion

From table 8, it is intersting to not that sister-sister pair
correlation is maximum at every generation of fall-sib mating
followed by mother-son and father-daughter correlations. It is
also interesting to note that the correlation between mother-son pair
and father-daughter pair are identical. Another important point
worth mentioning is that father and the sons are uncorrelated under
random mating but as the inbreeding starts the pairs become
correlated and the amuont of correlation increases as the number

of generations of inbreeding increases. Another point worth
mentioning is that, even though the brother-brother correlation and
mother-daughter coirelations, under random mating are the same
the correlation increases at a rapid rate in the case of mother
daughter pairs than that of brother-brother pair. It can also be
concluded from the table 8, that the correlation coefficients of all
these seven types of pairs will be tending to unity as the number of
generations of inbreeding increases indefinitely.

From the present study one can conclude that the joint
distributions and correlation coefficients of brother-brother pairs
and father-son pairs can be easily worked out with the help of the
equation (2), (4), (5) and (7).

Acknowledgement

The author is very much thankful to Dr. Prem Narain, Director
of lASRI (ICAR) New Delhi for suggesting this problera. Th?



G
E

N
E

R
A

T
IO

N
M

A
T

R
IX

M
E

T
H

O
D

O
F

S
T

U
D

Y
IN

G

IH

C
3

BA?Igt
|a
s

p,
%I

t3aa§••3caoU

Far/ier50«

.£S?

I

Fatherdaughterpairs•

s,

MotherSonpairs
Motherdaughterpairs

to

•
Q

Brotherbrotherpairs

5
•

tt,

Sistersisterpairs
-

Brothel-sisterpairs
Generation

o
'o

O
f
n

»
-
»

'^
«

n
v

o
o

s
^

o
-
-

f
o

o
o

<
N

>
n

v
D

'
i
/
^

i
r
j
s
o

t
-
-
r
-
o

o
o

o
o

o

O
O

o
G>

o
o

o
d

o
S

riv
S

a
iS

fn
T

^
-v

iv
u

i-
r
-
r
-
-
o

o
o

o
o

o
a
\

C
f\

a
\

c
\

c
\

o
s

o
d

d
d

o
d

d
d

d
d

d

,
.

T
t

»
-l

v
o

•«
t

«
o

,
T

f
lO

V
p

f
-

t--
o

^
^

O
o

n
m

v
o

<
?
n

»
-'

m
r
r
i
n

v
o

i
^

r
-

r
-

0
0

o
o

o
o

c
T

s
o

^
c
^

o
^

o
^

o
^

d
d

d
d

.d
d

d
d

d
d

p

O
O

C
S

V
O

O
O

C
^

i
O

n
O

O
O

o
r
-
v

o
r^

v
o

o
^

r
i
T

j
-
^

v
o

i
o

.
<

n
s
o

r
-
o

o
o

o
c
o

o
\
o

n
o

>
o

>
o

v

"
d

d
d

d
d

d
d

o"
d

d
d

ir>
t
-

C
S

0
0

o
v

o
w

-
>

r
^

t
s
f
o

v
o

v
o

O
C

N
O

O
«

o
c
A

r
<

^
v

i
-
'c

r
»

'—
'f

O
T

T
m

vo
\0

C-*;
00

00
ON

O^.
d

d
d

d
d

d
d

d
d

d
d

O
O

c
n

'o
^

O
N

i
n

O
'O

C
s
'^

r
o

^
v

o
t
^

t
^

o
o

r
-
o

o
o

o
c
o

o
N

O
x

o
^

o
^

c
^

a
^

c
^

d
d

d
d

d
d

o
d

d
d

d

T
t

-rf
m

n
r
o

«
o

r
-

o
0

0
"
o

in
r-i

vo
vq

oo
d

d
d

d
d

d
d

6
d

d
d

9
?

a
2

C
O

0
0

0
0

O
n

O
n

O
'-

t
n

c
o

T
r
w

^
v

o
t
-
o

o
o

s
o

t
o

.Sc3Sao•
occS

a
M

*
ocaoo•o6
0

J
3

I

5
5



56 JOURNAL OF THE INDIAN SOCIETY OF AGRICULTURAL STATISTICS

author is also thankful to the referee, whose valuable criticisms

really helped me in improving the quality of this paper.

[1] Fisher, R.A. (1949)

[2] George, K. C. (1974)

[3J George, K.C. and
Narain (1975)

[4] Haldane, J.B.S. (1955fl)

[5] Korde. V.T. (1960)

[6] Li, C.C. (1955)

[7] Li. C.C. and L. Sacks
(1954)

References

: Theory of Inbreeding, 2nd |Ed. 1968, Olivar
and Boyd, London

; On correlation between relatives in inbred

populations, Ph. D. Thesis, lARI, New Delhi.

Parent-Offspring correlations under full-sib and
: parent-offspring mating system. J. of the Ind.

Sac. ofAgri. Stat. Vol. XXVII No. 2, 51-70.
The complete matrics for brother-sister and

alternative parent-offspring matting systems,
Genetics, 41, 460-468.

: The correlation between relatives for a sex-

linked character under inbreeding Heredity :
14, 401-409

Population Genetics. The University of Chicago
Press, Chicago.

: The derivation of joint distribution and
correlation between relatives by the use of
stochastic matrics, Biometrics, 10, 347-360.


	KCG-1
	KCG-2

