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INTRODUCTION



CHAPTER 1

INTRODUCTION

In guantitative genetic studies resemblaonce between
two relatives is used for estimating genetic parameters, such
ag heritability and genetic correlation, In gsuch cases it 1s
assumed, that the individuals in the population mate at random,
The correlaticn between common relatives, such as fullesib or
parent~of{spring thus take a simple value of half, But when
regular systems of inbreeding is practised, theose correla-
tions are increased. The increase in correlation between the
relatives depends on the nunber of generations, during which
the inbreeding 1s practised, Of special interest in quanti-
tative genetlics, is the case of correlation between one relaw
tive and a number of individuals as the other relative, For
instance, the correlation between one parent and several of
its offspring is & major determinant in increasing the res-
Jponse to selection. Tho behaviour of such correlations in

inbred populations is not fully known,

‘The characters may be correlated because of common
genetic factors of'common environmental factors or both, It
is necessary to distinguish these two causes of correlation
between characilers-genctic and environmental, Tho genetic
cause of correlation may be chiefly due to three different
causes: pleiotropy, linkage and hetorozygosity. Pleiotropy
is simply the property of a gene wheraby it affects two or



more characters, so that if the gene 1is segr?gating it
causes simultaneous variatlon in the character its effect,
For examples genes which increase growth ratéfgggg stature
and welght so that they tend to cause correlation between
these two characters. Linkage is usually a minor cause of
genetic correlation with transitory effect, as cpossing over
in a freely interbrecding population tends to make the coup-
ling and repulsion heterozygote equally frequent, and once
the linkage aquilibrium?astablished the corrclation becomes
zero, Thus traces of assoclation from this cause may be
detactable only for somc generatlions in populations derived
from crosses betwsen divorgent strains. Sometimes hetoro= _
zygosity at loci controlling one character may increase the
general vigoux. Heterotic effects of these genes may influence

the expression of the other trait,

CGenetic correlation gives an idea about the extent to
which the  characters are under the econtrol of the éama
set of genes or have the same physiological basis for thelr
oxpressions. If the correlation is high then probably plelo-
tropy is more impoftant, if the correlation is low then we
might say that the . traits are inhérited independently or

they are under the control of different sets of genes,

A knowledge of its magnitude and sign helps in judging
how the improvement in one character will cause simultaneous

change in the other charactex, If the genetic correlation



is positive, then the selection practised for the improve=
ment of one character will automatically result in the
improvement in the othexs, even though direct selection for
its improvement has not bkeen made. If it is negative, then
selection for the improvement of one character, 1f success-.

ful, will result in a decline in the othexn.

In this investigation, an attempt is made to study |
(1) genetic corrclation batween fullesib pairs under fullesib
mating system, (ii) genetic correlation betweon parent-off-
-springnpairs under full=sib mating system, (1ii) genetic
correlation between fullesib pairs under parent-offspring
mating system and (iv) genétic correlation between parent-
offspring pairs under parente=offspring mating system in the
case of two loci with two alleles at each locus with the

following objectives,

1) To derive the joint distribution (correlstion table)
and to find the correlation betwecn full~sib pairs under
fulle-sib mating system in the case of two loci when there

is no linkage as well as when thore is complete linkage,

ii) To derive the joint diastribution (correlation table)
and to find the correlation betwsen parent-offspring pairs
under fullesib mating system in the case of two locl when

there is no linkage as well as when there is compleie
linkage.



i11) To derive the joint distribution (correlation
table) and to find the correlation between full-sib pairs
under parenteoffspring maiing system in the case of two
loci when there is no linkage as well as when there is

complete linkage.

iv) To derive the joint distribution (corzelation
table) and %o find the correlation between parent-offspring
pairs under parent-offspring mating aystem in the case of
two loci when there is no linkage as well as when there is

complete linkage,.
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CHAPTER 11
REVIEW OF LITERATURE

Generally, there are two different methods for obtaine
ing the genotypic correlation between two relatives. In
one of the methods the frequencles of various combinations
of the given relatives in a population are first obtained
and then the correlatien ls calculated from such a "corre=
lation table®, The correlation between fullwsib palrs
under differont gonerations of full-sib mating system have
been obtained by Li (1955, Population Genetics, page: 119)
by this method. The procedure of obtaining the frequenclies
of uncle-nephew or first cousin combinations is entirely
too tedlous even with the help of matrix notatlons (Hogben,
1933). Thus, when the more complex or irregular inbreeding
system ie practigsed or for more then one pair of genes, the

algebraic methods become cumbersome,

The other method utilizos the concept of path coeffi-
cients developed by Wright (1921), By using this method,
the correlation coefficients between relatives under diffoe
rent system of mating can be easily worked out, Eventhough
thisz mothod is vory easy for the calculations of the corrow-
lation between relatives, it does not give any information
gbout the frequencies of the various combinations of the
relatives in the population and also the joint distribution

between the two relatives cannot be obtained by this method,



Fisher (1949) developed a generation matrix theory for
working out the frequencies of digferent types of mating
under regulsr systems of inbreeding. The method is sinple
and flexible for finding the frequencles of different types
of mating.' The method was first presented in the literature
apparently by Bartlett and Haldane. The progress towards
homozygosis for sex-linked character was studied by Haldane
{1937, 1953), ha gave only a general treatment of the sub-
ject, Fisher derived the generation matrl:x: for fullesib
mating by considering a single locus with tvo alleles 'A?
and 'a', However, he consldered only the mating types and
did not meke eny distinction between the kinds of mating

such as AA x AA and aa x aa,

Kempthorne (1955) calculated the correlation of
baxent—offspring pairg and fullesib pairs in generations
of fullesib mating by making use of the generation matrix,
By this method he could derive the joint distribution of
the palrs of relatives at any generation of a specified
system of mating and thus the correlation is worked out
directly from the two-way table of the zrelatlves, known as
the "correlation table®, DBy using the generation matrix
theory for fullwsib mating system, he employed kind of
matings rather than types viz., mating types AA x AA was
considored different from the kind of mating aa x ea. But
he did not make any difference between mating types AA x Aa

and Aa x AA as well as Aa % aa and aa X Aa,



Horner (1956) worked out the correlation of parente
of fspring pairs and full=-sib pairs in generation of parenti-
offapring matings Korde (1960) worked out the corre¢lation
between relatives for a gex-linked character under fullesib

mating by making use of generation matrix theory.

The generatlon matrix method is based on the primitive
concepts of the genotype and the rasults of Mendellan segroe
gation. The meothod gives the mating types in an srbiirary
generation arising from an arbitrary population by a regular
system of inbrecding. If the frequencies of mating types
are arranged as a column vector, say, £ and generations are
denoted by subscripts in parenthesis, then';(“)u'ﬁgc"'1)
where A is the generation matrix, Hence it follows that
iﬁn)n‘éﬂi(O). This shows that frequencies in the n®" genew-
ration can be worked out if one knows the matrix A as well as
the initial vector £(°), By this method the joint distribue
tion of pairs of relatives at any generation of a opecified
system of mating is obtained and thus the correlation is
worked out girectly from the twowway table of the relatives,

known as the “correlation table”,

The use of the stochastic matrices in determining
the correlatlion between relatives introduced by Li and
Sacks (1934) under the name I.T.O. mothod, provides an easy
alternative, to the laborlious method of preparation of

correlation tables for varlous types of relatives and



calculatlion of correlation coefficlents therefrom. The
stochastic matrices I, T and O are motrices of conditional
probabilities, From these threo basic matrices, the matrix
of conditional probabilities for unileneal relatives or
bileneal relatives can be worked out, Using them "the
correlation table” as well as the correlation between rela-

tives can be easlly worked out.

Eventhough Fisher, Haldane and Li derived generation
matrix for fullesib mating with sex-linked genes, it is in
fact Korde (1960) ond George (1974) who made use of this
generation matrix technique in studying the inbreeding syse
tems, George (1974) conducted a detailed study of the
parent-offspring and fullegib correlations separately under
full-sib mating and pérent-offépring mating system, both for
autosomal as well as éex-linked genes. Two methods, viz,,
the 1,T.0. method, employing stochastic matrices, as well as
generation matrix methodology, have been studied, The 1:T.0.
method applicable for the case of single locus with two
allales has been generalised to the case of single locus with
multiple alleles under random mating., Further, he found that
in general, the I.T.é. method 1s not applicable to inbred
populations, However, for autosomal genes and in the case
of parent—offspring méting systom (mating botwesen & fixod
sire and his daughter, grand-daughter, greategrand daughter,
etc.), the joint distribution of the' parent-offspring rela-
tionshlip could be exprossed in terms of T and F (suitably



defined) matrices. In the case of sex=linked genes the

I.T.0. method was found o be applicable in finding the joint

dist:ibution and correlation coefficiant for brother=brother
and father-son zelationships, both for the fullesib as well
es parent-offspring mating systems. He also developed a
general theory foxr obtalning the correlation between one
parent and k offspring as well as the correlation between
both the parents and k offspring under a given system of

mating both for autosomal as well as sex-linked genes,

Gaeorge and Narain ({1978) developed a general theoxry
for obtaining the correlation between one parent and k offe=
spring, as well as the coxrolation betwéen both the‘parents
and k offspring under a gilven system of mating, both for
autosomal as well as seXelinked genes, They evolved parent=
offspring correlations under fullesib mating and parente
offspring mating systeﬁ with the lielp of this theory and
thé genaratién matrices for different mating types in case

of autosomal as well as sex~linked genes.

In the light of varlous correlation coefficients
cbtained under continued fuil-sib mating or parent-offspring
mating, with autosomal or soxelinked genes, it has been
found that the correlation increases with increase in the
generations of lnbreeding, but the mode of increase is
different under different systems and depcnds on whether

the case is of autosomal or sox-linked gones, It is alse
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found that in case of outosomal, the increase in correla-
tion. is more under fullesib mating than under parent-

offspring mating.

George {1979) conducted the study of parent-offspring
correlation under half-sib mating systems He evolved the
corralation between both the parents and k offspring and
between one parent and k offspring in the lines of George
and Narain (1973). He performed the tables of correlations
of the above two cases when the number of offspring varying
between 1 to 10, He has reported that the correlation
increases as the number of offspring increasos, but the
rate of increase of the correlations were more in the case
of both the parent and k offspring than that of one parent
and k offspring caso and the rote of increase is almost nil
after the second generation of fullesib mating in the one

paraent case,

George (1983a) developed the calculation of joint
distribution of fullwsib palirs and parent-~offspring pairs
under full-sib and parent-offspring mating systems by the
generation matrix technigue and 8156 calculated the corre=
lation of these palrs therefrom, HRe found that the method
is tedious in the case of fullesib mating, but it is come
paratively easier in the case of ﬁar@nt—affapring mating,
as the conditional probability metrix in this cagse can be

easily generated., He calculated the correlation between
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full=sib palrs and parent-offspring pairsunder fullesib

and parent-offapring matiﬁg systens for ten generations

of continued matinglof that particular system of mating,
Further, he reported that the correlation increases as the
number of gencration increases and ultimately reaches the
limit unity when the number of generation increases indefi-
nitely lerge, He observed that the parent-offspring corre-
lation is higher in magnitude than that of the full=sib
correlation under both the systems of mating. It is also
observed that the parent-offspring correlation under parent-
of fepring mating increases at a rapid rate than all the
other three types of corrvelations even at the first gensw
ration of parent-offspring correlations and become almost

unity at the tenth generation,

George (1983b) conducted the study of correlation
botwoen various fullesib palrs and parent-offspring pairs
by evolving joint distribution of relative pairs in case
of sex«linked gencs., He noted that sister-sister pair
correlation is maximum at every generation of fullesib
mating fellowed by mother~son and father~daughter correlo
tion. He also reported that the correlation betwecn
mother~son palr and father-daughter peir are identical,

Ho mentioned the important point, that father and sons
are uncorrelated under random mating, but as the inbreeding

starts the pairs become correlated and the amount of
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correlation increases as the number of benerations of
inbreeding increases. He also mentioned that the corxee
.1ation increases at a rapid rate in the case of mother
daughter pairs than that of brother~brother pairs, Further,
he reported that the coﬁrelation coefficlents of all these
types of pairs will be tending to unity as the number of

generation of inbreeding increases indefinitely.

All these authors have studied correlation between
different relatives under different inbred system only in
case of single locus with two alleles, LI, in his book
entitled 'Population Genetics (195%)' have established a
general formula to determine the correlgtion coefficient
between different relative pairé such as fuil-sibs, parent
and offspring, half-sibs in different generations of the
specified mating system, from the corresponding inbreeding
coofficlent, It 1s given for full-cib pairs as,

I v+ opl 4 gl (1)

2(1+F")
and for parent-offspring pairs
1
$+2F°
m = - {2)
2[Z (1+F")
where

F = inbreeding goefficient in the nth generation

|
F' = inbreeding coefficient in the (n--1)th generation
Fii = inbreeding coefficient in the (n~2)th generation

and m = correlation coefficient_in the nth generation.



The inbreecding coefficlent in the difforent geners-
ﬁiens of fullesib maitling ean be obtained using the reCue

rrence rolation

Fe %mzﬁ'-# RPN EY
and the inbreeding cogfficient in the differeﬁt generations
of parent-offspring mating (a fixed sire and his daughter,

grand=daughter, greatw-grand daughter, ete.) can be obtained

using the recurrence relation

F"*m % (14*2?‘) - (4)
agstablished by Li, by using path method.

Thus by using the relationships (1), (2) ana (3), {4)
Li could obtaln the correlations between fullesib pairs
and parentesfispring pairs in difforent generations of
fullesib mating and parent-offspring mating, directly. As
for the numerical values of the correlation coefficlient the
'method is quite simple, but it does not glive any informa-
tion asbout the absolute frequencies of the fullwsib mating
types, the parent-offspring mating types and their joint
distribution in the different generation of full=sib mating
and parent-offepring mating.

In the present investigation an attempt is made to
extend the study of genetic correlations undor fullesib

mating oysteom as well as parenteoffspring mating system
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to two loci case with two alleles at each locus, when there
is no linkage. An attempt is also made to ¢xtend this

theory in case of two loci when there is complete linkage,
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CHAPTER 1XI
MATERIALS AND METHODS

Bince the present investigation 1ls of purely theo-
rotical nature, the materials in the soense of numerical
~data is not required; as such metorials are not discussed
here and only mothods of approach to the problem are dig

cussed in some detall.

in this iavestigation, an attempt has been made,
emplioying the mathod of generation matrlx, 4o develeop the

following corraelations.,

i) Corzelation of fullesib pairs under fulle=sib

mating system,

11) Correlation of parent-offspring pairs under
full=sib mating system.

iii) Correlation of full=sib pairs under parent-offspring

mating system,

iv) Correlation of parent-sffspring pairs under

pazent-affepring mating systemn,

In considering the full=-sib mating system, 4% gono-
typic mating types are brought out from ten classes of
phenotypic mating types, from which a gencration metrix
A of dimension (45 x 45) is obtained.

In considering the parent-offspring mating system,

such as the mating of fixed sire with daughter, grend-daughter,
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greate-grand daughter, ete., 81 genotyplc mating types are
brought out from ten classes of phenotypic mating types.
There is a problem that some parent-offspring palrs cennot
be brought out from any of 81 genotypic mating type in any
generation. This problem is solved by develdping a genew-
ration matelx in which the columns of the unevailable pazent=
offspring paixs having zero clements are eliminated. Thore=
fore, tho dlmension of generation matrix ﬁ? for the
parent-offopring mating type reduced to {81 x 49), instead
of original dimension of (8% x 81).

Benoting the veetor of frequencies for nﬁh

goneration
undar.. fullesib mating system by g(“), the vector of fregucn-
cies for the successive generations under the systam of
full-sib mating is computed by the following recurrence

relation given by

ytn) = 4 yle-t) (3.1)

From this recurrence zelation, correlation tables for
fullegib palrs for any generation under fullesib mating
system can be easily worked out. Tho corrclation tables
for parenteoffspring pairs under any gonezstion of fullegib
mating system can also be developed from the reeurrence

rolation

E;l'(n)ﬁ - ff H(n«‘l) (2,2)
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th

Denoting the vector 6f freguencies for N (enera=

. *
tion under parent-offspring mating system by 3;1_-(“) » the
vector of frequencies for fullesib pairs for nth generation
undexr parent-offspring mating system ¢an be cbtained from

the recurrence relation given by
g‘(n) m,& y'(ﬂ‘*i ) (3‘3)

Fyom the above relation, ¢arrelétian tables for
fullesib palrs under parent~offspring mating gystem can
be worked out eagily. Similarly, the corrglation tables
for parent-offepring pairs undar‘parentwoffspring wating
system can also be dirsctly worked out from the following

relations given by
g(ﬂ)* = ﬂ{i‘g‘ﬂ-i )“ 7 (3‘,’4)

Denot&ﬁg, in the ébeve correlation tables, sib I by x
and sib II by y in the casc of fullwsib pairs as well as
parvent by ¥ and offspring by y in the case of parent-offspring
pairs and scoring and ofdering the genotypes according to
their number of dominant genes involved (for example, assigne
ing 4 to AABB, 3 to AABDL and AaBB, 2 to AaBb, AAbD and aaBB,

i to Aabb and aaBb and 0 o aabb), assuming additive genic

effect, the simple cross-product correlation is computed

wiih the following equation
Lfxy=l T £ T

T J{Ee-Een e -(een)H

(3,9)
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Some salient features of method of genexation matrix
which is used in working out the vestor of the fregquencles
af -different mating types for successive generations is

briefly discussed as follows:

1. The generation matwix nmethod is based on the
primitive concepts of the genotype and the results of

Mendelian gegregation; and also lgnores mutation,

2. The genepation matrix method gives the mating

types (or whatever eclse is considered) in an axbitrary
gonpration arising from an arbitrary population by a regular
system of inbreeding. Ve find in fact that, if the freguen-
cies of mating types are arranged as a c¢olumn matrix £ say,
and generations are denoted by superscripts in parentheses,
than

‘ifn) = A i(ﬂ"'”
where A is tho generatlion matrin, A typigcal eguation in
the totality xepresonﬁed by the one-matriy equation is

fj(“)“ agqfyinet) + ajefz(n-n b ——— ajﬁifm(n-”

where fr(“'1) is the frequency of the xth mating type in

generation (n=1).
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CHAPTER IV
RESULTS

441, Fullesib mati

Fullesibs are those individuals whose parents are in
COmmMON,

I the two loci cage 1s considered, it has to be taken
acoount of the fact that those loci may be linked, Hence
the stetistical and probabillstic treatment of the probloms
may be dealt with by using the two rules,

Considexr the case of two loci each with two alleles

gay (Asa) ana (B,b) at eath locus,

1) An individual of %type AR/ab produces gametes in
the following proportions or with the fellawing probabl-
litiess

AB Ab ab ab
(1-p}/2  pf2 . p/2 (t=p)/2

14} An individual of type Ab/aB produces gametes in
thoe following proportions:

AB Ab al ab
p/2 (1=p)/2  (1=p}/2 p/2

'p?', called the recombination fraction, is the proporw

tion of qress-dvar gametess There are on the whole nine

genotypes with two ioci with two alleles pér locus, but
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because of diffcxences in gamete pruductian hetwoen the
two types of double heteroaygotas, there are in fact ten
classes of individuals, with regards to breeding behaviour,
To facilitate the presentation, the genvtypes shall be
epecified in usual way, viz., the heterozygotes in the
coupling phase by AB/ab and the heterozygotes in the repul-
sion phase by Ab/aB,

The matrix of genotypes along with their proportlions
{in coupling phase) under random mating is shown in
table 4,1,

Table 4.1, Ganotype matrix

o/ - |

: AB Ab ald ab

9 (1=p)/2 p/s p/3 (1=p) /3

AR AABB AMBB AZBB Asbb
(1-p)/2 | (=p®/4  pli=p)/s  pli=p)/a - (1-p)?/4

Ab AABD AAbb AaBh _ Aabb

p/2 pli=-p)/4 pf4 92/4 pl1=p)/a

ab AaBB AabBb aaBB aaBb

p/2 p{1~p)/4 p%/4 p2/4 p(1=p}/4

ab AaBb Aablb aaBb aabb

(1-p)/2  (1=-p)%/4  pl1ep)/a  p(3=p)/a  (1=p)/s

e - L o

From this table, the frequencies of nine genoiypes can

he obtained as follows:



2%

AABB  (1=p)2/4  AaBb (2p2-2p+1)/2  saBB  p°/4
AABb  p(1=p)/2 AABb p°/4 asBb p(1=p)/2
AaBD  p(1ep)/2 Aabb p(1=p)/2 aabb  (1=p)</4

In the case of repulsion phase, the fgeqaencias of
genotypes of AAB3, AAbb, @aB3 and aabb will change as p2/4,
(1-p)2/4, (1-p)Q/4 and p2/4 respectively and others remain
~ unchanged, Buﬁ for finding the genetic correlations there
will be no differencs 1h eoupling phase an@'repulsion phase,
Hence the frequencies of genotype in coupling phase arg used

here,

Now the ten classes ¢f phenotypic mating and the varlous
genotyplc moting under each class ¢an be considered as

follows:

1. AB x AB |

AB can be of tho genotypes: AABB, AABb, AaBB and Aabb,
Consider the mating type (1) AABB x AABB, Eaéh AABB produces
AB gamste wlith proportion 1, Thue their offspring will be
of genotype AABD with proportion 1, This can be shown as

followss .
1) Aﬁ?B R AABB
AB Aﬁ‘
] 1

~ 7

AABB
1



Thus full=sib pair producedin this case will be
(AABD ,AABB) with proportion 1.
- Then eansiéer the mating type (ii) AABB ¥ AABb, AABB
produces gamote AB with proportion 1 and AABH produces
gametes AB and Ab with proportion VY2 each, Hence their
offsprings are of genotypes AABB and AABL with proportion

¥2 each, This can be shown as follows:

1i) AADR % AABD
.J.’B AB J; Ab
1 ¥z V2
AABB AABD
¥ye V2

Thus full=sib pairs are (AABDB ,AABB) (AADD,AABL) and
{AABb,AABD) with pxoportion Y4, ¥2 and ¥4 rospectively.
In the same way, the other genotypic mating types can

ba obtained as followag:

ii1) AABH X Aaié
AR AB 1) ai
1 Y2  ¥2

AABB AaBB

y2 Y2

Thus fullesib pairs along with their proportions are

as follows:



(AABB ,AABB) (AABB,AaBB) (AanB,AaBB)
ye y2 ya

iv) AABB x Acb '

A AB, Ab, a8, ab

1 Ya ¥4 Y4 V4

| AB(Ya) Ab(74) aB(Y4) ab(y4)

AB\ AABB . AABb  AaBB  AaBb
' q ¥4 ¥4 Y4 y4

Thus full=gib pairs along with their proportions are
as followss ‘

{AABS AABB) (AABB,AABD) (AABB,AaBB) (AABD,AsBb) (AABbL,AABD)

V{6 ¥a ¢:! ve 716
(AABb,AaBB) (AABb,Aallb) (AaBB,As8B) (AabBd,AsBb) (AaBb,AaBb)
Y8 ¥8 R AT i yié

v) AABb x AABD
AB Y, Ab AB , Ab
¥z Y2 Yo Yo

AB(Y2) . Ap(¥2)
AB| AADB AABD

V2 Y4 Va4
Ab| BABL AAbb
¥2| Va4 ¥a

Offsprings along with thelr proportiens are AABB(Y4),
AABDB(Y2) and AAbb(V4).

Thus fullesib pairs along with their proportions are
as follows:



(AADS ,AABB) (AABB,AADD)
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(AABD,AADD) (AABb,AABD) (AABD,AADD)

716 y4 y8 ¥4 V4
{AAbBL ,AADbD)

716

vi) ﬁﬁib X AgBB
AB Y Ab AB ."’azs
Y2 v2 Y2 y2
AB(Y2) Ab(Y2)

AR | AABB  AABDb

(v2) Ya ¥4

"~ aB AadB AaBb

{(v2) V4 V4

Offsprings are AABD, AABb, AaBB and AaBb with propor-

tion ¥4 each.

Thus full-sib pairs along with their proportions are

.ag followas

(AABB ,AABB) (AABB,AABDL) (AABB,AaBB) (AABB,AaBb) (AADD,AABD)

y16 y8 y8 y8 y16

(AABb,AaBB) (AABDb,AaBb) (AaBB,AaBB) (AaBB,AaBb) (AsBh,AaBb)
1 4: ¥s Y16 va Y16
vii) AABb x  AaBb

! J

AB | Ab AB, Ab, aB, ah
yo ¥y2 ¥4 Y4 v4 ¥4
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AB(Y4) Ab(Y4) aB{V4) ab(V4)

AB | AABD  AABb  AaBB  AaBb
ya2 ¥ Ve ye /8

Ab | AABD  AAbB  AaBb  Aabb
ya ya ¥8 Y8 ¥a

Offsprings along with their proportions ave as followss

AAB3 AABb A3BB  AaBb  AAbD  Aabb
V8 Y4 ye 4 y8 Y8

Thus full=sib pairs along with their proportions are

as follows:

(AABB ,AABB) (AABSB,AADD) (AABB,A2DB) (AABB,AaBb) (AABB,AADD)

Y649 Y16 Y32 Y16 y32
(7ABB ,habb) (AABR,AABD) (AABD,ASBB) (AABD,ASBD) (AABD,AADD)
Y32 . Vie V16 ¥8 Y16
(AABD,Anbb) (AaDB,AaBB) (AaBB,AaBb) (AaBB,AAbb) (AaBB,Aabb)

AT ye4 yi6 ya2 ¥32
(AaBb,AaBb) (AaBb,AAbb) (AaBb,Aabb) (AAbbAAbL) (AAbb,Aabb)
Y16 Y46 Vi - veq Va2

(Aabb,Aabb) |
Y64

viii) AaBD X AaBB

|

AB 7, aB AB " aB
¥a ye ya va

AB(Y2) aB(y2)

AB}?E) AADBB AafB
Y4 va V4
aB(¥2)| AaRB 2288

va Va
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Of feprings are AABB, AaB3 and saBPl with proportions
¥4, ¥2 and ¥4 rospectively.

Thus fullesib pairs along with thelr proporiiscns are
as follows:

(AABB,AADB) (AABB,AaBB) (AADS,sadB) (AaBB,AsBB3) (AaBB,2aBB)

Y16 ya y8 y4 V4
{2283 ,0aBh)
V16
ix) AabB X AaBb
ARy 2B AR, Ab,YaB, ab
Y2 Va2 ¥4 ¥4 V4 Va4

AB(Y4) Ab{y4) aB(¥4) ab(y4)
AB(Y2) | aABB  AABD  AaBB  AasBb

Y8 42 42 ya
aB{y2) | AaBB Aalb aadi aaBb
¥ ¥8 ¥8 78

Df feprings along with thelr proportions are as followss

AADB, AABD, AaBB, Aalb, aaBl, agBb

78 v8 ¥4 ¥4 ya 78

Thus fullesib palrs slong with thelz proportions aroe
ag follows:

(AABB ,AABB) (AABB,AABD) (AABB,AaBB) (AABB,AaBb) (AADB,asBBd)

vé4 ¥32 Y6 ¥16 ¥a2
{AABB,aaBb) (AADD,AABD) (AABb,AnBB) (AABb,AsBb) (AABh,aaBB)
Y3z Y64 ¥i6 Y16 V32

(AABb,a2Bb) (AaBB,AaBB) (AabB,AsBb) (AabB,aaBB) (AaBB,acBb)
Y3z V16 ya yié VAT
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(AaBb,AaBb) (AaBb,2aBB) (AaDb,s3Bb) (aabf,assd) {5288 ,a0aBb)

Y16 Y16 Y16 yea  4¢)
{ aaBb,2aBh)
Y64
®)  AaBb % AaBb

! l

AB, Ab, aBl, ab A, Ab, aB, ab
¥4 ¥4 Ya ¥4 ¥4 Y4 Y4 Va4

AB(Y4) Ab(V4) aB(Y4) ab(y4)

AB(YA) | AABB - AABE AabB AaBb
Y16 Y16 Y16 Y16

Ab(Y4) | AADDB AAbb AaBb sabb
¥i6 ¥16 716 ¥16

aB(¥4) | AeBB AalBb aaib aaBh
V16 716 Y16 Y16

ab(¥4) AaBb Aabb aaBb aabb
Y16 716 716 746

Offsprings along with their proportions are as follows:

AABB, AABb, AaBB, AaBb, AAbbk, Aabb, aadB, aeBb, aabb
V16 y8 Y8 Y4 Y16 Y8 Vie ys yi6
Thus fullwsib pairs slong with.thelr proportions are

as follows:

(AADB,AABB) (AADB ,AADD) (AABB,AaBB) (AABB,Aadh) (AABB,AADD)

Y256 v64 y64 ¥az 7128
(AABB,Aabb) (AABR,aaBB) (AABB,aaBb) (AABB,aabb) -(AABD,AABD)
Y64 ¥128 - Y64 Y128 64

(AABD,ARDB) (AABb,AaBb) (AADDL,AAbD) (AABb,Asbb) (AABb,aaBB)
V32 ¥16 764 32 Y64
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{AABB,5eBD) (AABD,aabb) (AaBB,AaBB) (AabBB,AaBb) (AaBB,AAbb)
yaz y64 Y64 716 Y64

(AsB8,Aabb) (AaBB,aaBB) (AaBB,aaBb) (AaBB,aabb) (Aabb,AaBb)
¥ 32 Y64 yaz Yea Vié

(AaBb,AAbb) (AaBb,Aabb) (AeBb,aaBB) (AsBb,aab) (Aabb,aabb)
y32 716 Y32 AL Y32

{(AAbb,AAbE) (AAbb,Aabb) (AAbb,asBB) (AAbb,aaBb) (AAbb,asbb)
y256 Y64 y128 y64 y128

{Aabb,Aabb) (Aabb,aéﬁﬁ)'(&abb,aaﬁb) {Aabb,asbb) (aaBB,asld)
y64 yea yaa yo64 ¥y256

' (2aBB,aaBb) (oabB,aasbb) (aabb,sa8b) (aadbh,asbb) (aabh,asbb)
764 Y328 - 764 yea ¥y256

_In.a similar mannex, the other genotypic ma%&ng'ﬁ?pes under

the nine classes of phenotyplic mating can bo obtained as

followss

Ii. AB X Ab
1) AABS x AAbb

Fulinsib pair along with its proporticn is (AABb,AABD).
‘ ]

11) AABR % Asbb
Pullesib pairs (AABb,AABD) (AABb,A2Bb) (AaBb,AaBb)
Proportione ya . ye va

" 134) AABb x AAD
Fullesib pairs (AABb,AABD) (AARD,AAbD) (AAbb,AAbb)
Proportions va 72 74

iv) AABb x Aabb . _

Fullesit paizs (AADD,AABD) (AABb,AADD) (AABbL,AaBD)
Proportions ¥16 V8 Y8
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(AABb,Aabb) (AAbD,AABb) (AAbbgAaBb) {(AAbb,Aabb)

5:3 Y16 ¥8 V8
{AaBb,AaBb) (Aabh,Aabb) (Aabb,Aabb)
Y16 Ve Y16

v} -AaBB x AAbb
Full-sib paizs (AABb,AABD) (AABb,AaBb) (AaBb,Aabb)

Proportions V4 y2 y4

vi) AaBB 3 Aabb
Full-gib pairs (AABDL,AABD) (AADD,AaBhb) (AAB,aalb)

Proportions V16 Y4 ya
{AaBb,AaBb) (AaBb,aaBb) (osBb,aaBb)
Va4 Y4 V16

vii) AabBb x AAbb
Fullesib pairs (AABb,AABD) (AABb,AAbb) (AABbL,AaBb)

Proportions Y16 y8 ya
(AnBb,Aabb) (AAbb,Aabl) (AAbb,AaBb) {AAbb,Aabb)
£ Y16 78 ¥6
(AaBb,AaBb) (Aafb,Aabb) (Aabb,Aabb)
Y46 ¥g 716

viii) AaBb x Aabb
Fullesib pairs (AADL,AABbL) (AABDL,AaBB) (hﬁﬁb,AAbb)

Proportions yé64 Yi6 Y3z
(AABb,Aabb) (AADb,aaBb) (AADBb,oabbh) (AabBb,Aasb) (AeBb,AAbb)
716 ya2 yag Y16 ¥i6

(AaBbyAabb) (AaBh,aalb) (AaBb,aabb) (AAbb,AAbB) (AAbb,Aabb)
ya Y16 716 Y64 736
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(AAbb,aaBb) (AAbb,aabl) (Aabb,Aabb) {Aabb,asBb) (Aabb, aabb)
y32 yaz y16 Y16 V16

{aaBb,aaBb) {aaBb,aabb) (aabb,aabb)

ILIL,

)

ii)

111)

iv)

)

vi)

V64 yaz Vé4

AB st ob

AABB ¥ saBB

Fullesib pair (AaBB,AaBB)

Proportion 1

AABB % aaBb

Fullesib pairs (AaBB,AaBB) (AaRS,Aalb) (AaBb,raBb)
Proportions 1L y2 Y4
AABD x asbB

Full-sit pairs (AaDB,AaBB) (AsBB,AsBb) (AeBb,AzBb)
Propertions ¥4 y2 - Y4
AABb x aaBb

Fullesib paire (AabB,AaBB) (AsBB,A2Bb) (AaBB,Aabb)
Proportions Y16 Y4 Ya
(AsBh,AaBb) (AaBb,Aabb) (Aabb,Aabb)

74 Y4 746

AgbB x aabD

Fullesib paizs (AaPB,AaBB) (AaBB,2aBR) (adbB,asdB)
Proportions va Ve V4
AallB x aaBb

Fullegib pairs (AaBB,AaB3) {(AabB,AaBb) (AaBB,aaBB)
Pzoportions yi6 y8 (4

(AaBR,aaBb) (AaBb,AaBb) (Aabb,2aBB) (AaBb,2alb)
78 Y16 y8 ye



vii)

viii)

iv,
1)

1i)
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(aaBB,aaBB) (2aBB,aaBb) (aaBb,aaBb)

y16 Ve (AL

AaBb % aabB

Fullegib palre (AaBB,AaBB) (AsBB,AsBb) (AabB,anBB)

Propoxtions Vié y8 B 4

(AeBB,aaBb) (Aalb,AaBb) (AaBb,aaBB) (AaBb,asBb)
¥8 Y16 78 141

{2aBB,aa8B) (aaBB,aabb) (aaBb,asbb)
Y16 ¥8 yi6

AzBb x aaBb .

Full-gib pairs (AaBE,A28B) (AeDB,AaBb) (AaBB,Aabb)

Proportions ye4 yi16 y32

(AaBo,0a8B) (AaBB,acBb) (AaBB,aabb) (AaBb,AcBb) (AaBb,Aabb)
732 Y16 Y32 716 A 1

(AaBb,aaBB) (AaBb,aalb) (AaBb,aabb) {Aszbb;Aabb) (Aabh,aaBB)
Y18 /8 V16 Vg4 y32

(Aabb,aaBb) (Aabb,aabb) (2aDB,aabBB) (2aB8,2aBb) (aaBB,aabb)
716 ¥32 y64 V16 ¥y32

(aaBb,aabb) (aasb,aabb) (aapb,aabb)
Y16 Y16 Y4

AB x ab

AABB x aabb

Full=sib pair (AaBb,AaBb)

Proportion 1

AABb % aabb

Full=-sib pairs (AoBb,AsBb) (AaBb,nabb) (Aabb,Aabb)
Proportions va y2 V4



i31)

iv)

Ve
i)

it)

111)

iv)
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AaBB x aabb _
Fullesib pairs (AaBb,AaBb) (Aaﬂb,aaﬁb)-(aaﬁb,aaﬂb)
Proportions ¥4 ya Y4
AaBb x anbb :
Fullesib pairs (AeBb,AaBb) (AaBb,Aabb) (Aabb,aabBb)
Proportions AL Vs ¥8
(AaBbyaabb) (Aabb,Aabb) (Aabb,aaBb) (Aabb,aabb)
Y8 Y16 ¥8 £:
(auBb,asBo) (aaBb,aabb) (aabb,asbb)
¥16 V8 ¥16
Ab x ob
AAbb % oaBB ‘
Full~sib pair (AaBb,AsBb)
Proportion |
AAbb % aabb -
Full-sib pairs (AaBb,AaBb) (AaBb,Askb) (Aabb,Aabb)
Propoxrtions ¥a y2 Y4
Aabb x asBB
Full-sib pairs (AaBb,Aadh) (AaBb,azBb) (aabb,aabb)
Proportions ya ¥2 74
Aabb % &8Bb
Fullesib pairs (AaBb,AaBb) (AaBb,Aablh) (AaBb,aaBb)
Proportions Y16 4] Ve
(AaBb,aabb) {AabbyAabb) (Aabb,aaBb) {Aabb,aabb)
78 AL ¥3 ¥

{aaBb,aeBb) (aaBb,aabb) (aabb,asbb)
Y18 Y8 V16



Vi,
1)

11)

i18)

vii,

1)

i4)

VIII,
i)

ii)

Ab 3 AD

Adbb x AAbb

Full=sib pair (Aﬁbb?Aﬁbb)

Proportion )

Afbb % Aabb

Fullesib pairs (AAbh,AAbb) (AAbb,Aabb) (Aabb,Aabb)
Proportions L - Y2 ¥4
Aabb x Aabb

Fullesib pairs (AAbb,AAbL) (AAbb,Aabb) (Adbb,aabb)
Propoztions Y16 ¥4 ya

{Aabb,Aabb) (Aabbjaabb) (sabb,aabb)
¥4 y4 V16

Ab %_2b

AAbb x aabb

Full-sib pair (Aapb,Aabb)

Proportion §

Aabb x aabb

Full-sib paive (Aabl,Aabb) (Aabb,aabb) (aabb,aabb)
Propozticens va y2 ' ¥4

abh x_ af

TS A e ekl

a@BiB x aasp
Full=sib palr (aaBd,=asbB)

Proportion 1

aabB x a&bb
Fullesib pairs (2sBB8,s28B) (aaBB,asbBb) (aaBb,sa8b)
Proportions ya V2 Va4
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1ii) 2aBb x sath
Fullesib pairs (2aBB,z2a8B) (aaBB,naBb) (asBB,asbb)

Proportions Y16 ¥4 (4]
{288b,268b) {aaBb,aabb) (aabb,aabb) ’
¥4 ¥4 Y16
IX. aB x &b

i) azBB x aabb
Full=sib pair (aaBb,aabb)
Proportion 1 '

41) asBb x aabb .
Fuilusib pairs (aaBb,aalb) (aaBb, aakb) {aabb,aabb)
Proportions Y4 ¥ y4

3. ab i ab

i) aabb ¥ asbb
Fullesib pair (aabbsaabb)
Proportion 1’

In the mating type mentlonod above, the reciprocal
crosces as woell as reelprocal full=sib padrs sre not separaw
tely considered, because in the case of Fullwsib mating the
freguentios for fullesib pelrs of direct crosses ané roCle
procal crosses are the same in all generations, By taking
only direct crosocs and multiplying these froquencies by two
and the equilibrium propoxtion is obtained, Thus foriygive
mating types as well as fortyfive full-sib pairs are ob;ained.

From the sbove full-sib mating type; the genexatiéh'

matrix A for fullesib mating can be obtained.



Penoting the vector of froquencios for the nﬁh genNce

ration as U™ the recursenco relation for the vacter of

freauencies is given by

ﬁtﬁ) mﬂg(ﬂ*i) (4‘1.?)
/

whoze & is glven in appendix 1.

4.1.1. Bull=sib corralation
Consider the case of two locl gach with two alleloes
say (A.a) and (B,b) with proporticns for AB as (1-n)/2, for
Ab as p/f2, for aB as p/2 and for ab as {({-p)/2.
3
(0

» the vector of the frequencies of the fortyfive
méting types undor random mating from equilibrium QOpuLatian

would be,

(3=p)*/16
plimp)3/4
pli=p)3/a

) (?«#Jgiﬁpgaﬁy@i)/ﬁ
p2(1-p)?/a
p2(1ap)?/2

p(1=p) (2p%=2p1) /2
p2(1=p)?/4

p{ 1=p) (ZpZ=2p+1 ) /2
{2p eatp ) e




pH1-p)¥/8
p(1=p)>/4

0 (1=p) /4
p2(1=p)? /2
p?(1-p)/4

b (1=p)?/2

02 (2p%w2pt1) /4
p(1-p) (2pZe2p+1) /2
ngimp)zfe
pli=p)3/a
p>(1=p) /4
p>(1=p)?/2

p (1-p) /4

p* (1=p)2/2

B (2p°eapr1) /4
pf?wp)(sz-gp%j)/z
(1=p)?/8
p(1=p)3/a
p(1=p)2/4

(1=p) (2p2=2pi1) f4
p* /8

P (1=p) /4

p (1-p) /4
p~(1=p)2/2

p*/16

p>(1=p)/4

36
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p>(1=p)2/4
p2(1-p)2/8
p(1-p)3/4
p*Ne
p7(1=p) /4
p2(1=p) /4
P2 (1-p)2/8
p(1=p)3/4
(1=p)?/16

St el

Now the vegtor of frequencies of the fullesib polrs

from this foriyfive matings can be obtained as

Tour(4p 40021 36p%180p+81)
shs (~ap%24p%-36p%8pr0)
2= (wap+2apP36p%r8p49)
755 (4pt-16p%20p%12045)
gg-g (4p*espe20p®24p5)
7h= (apPe16p%20p-12p8)
ga- (~4p™ap°-ap™+ap+3)
s (4ptgpie20p24pt5)
& (~ap*ap%spPrapa)
f&- (4p%m8p r2ap3m20pr1t)
z15 (4pt-spPrapri)

ﬁ%—(-ﬂp +8p -4 *H)



[TALRE

s (=dp®=ap% 1265 8pt1)
,.1..%..5 (dp udpraptt)

.5%3 (-w494+-ap3-4p24-1)
735 (40 -apPrap1)

T%E-?: (4‘;34..4;32»{-4;%“

‘é%“ (--@%893-8}'3'2**49"3)

1 |
512 (dp =apHap1)

bz (wap®+ap-apr1)

ﬁ%&' (=ap*eapo=dp®e1)
’i’%‘é (4ptenp®eapiit)

ﬁ%’é (wdp=Bp 122 8pt1)
"I':!'?E (4p4-4pz+4p+‘i) |
'{%‘5 (494..4@2-!»4%1)

=%z (=apPrepPeapraps3)
5{,5 (40 =8p 5 Bp wtpr1)
sl (wdpeapaap®re)
'ﬁ'f‘% (.,4;;4{3533-4924-1-)

s (4p*~q5p3r20p>12p+5)

et (4p%egpopZadprt)

bi2
b= (mapieap-apPie)

e (=ap%8paapPen)

38



'i"“§ (apPe16ptr20pZn12pts)
-;‘-0%5-(4;3 -&«24:334*40;: +12p+t)
e (~ap-epP125%p+1)
5= (4p*w8p°-20p"424p+5)

st (4pespPeaprt)

% (wdp™24p5=36p% 8p+0)
Tour (aptadpirao®12pm1)
5—%%- {~4p-8p +12p%e8pt1)
553 (4p O =20p-+24p+5)

g¥5 (4p-0p%raps1)
whe (~dp?e2apS.a6p%apro)
Tﬁéz;f4p4»@0p3ﬂ36p9~1909+31)

The column vector of the frequencies of the fullesib

palrs after the first generation of fullw-sib mating ¢on be
oh
ob%ainednin the previous case as,

uf2e 5yl (4a142)

3-513@-5 (a4p™=136p%1144p7=2612p+1730)
”%‘353 (~ap™ 72p 032074 68p+161)
~bag (~ap*r7ap -na2p%60p+161)
sy (4p"~a0pSe7opPas0p443)

g (4p -8p -160p%164p+131)




m‘g (4;:»4 40p +7Ep =O20+43)

?(}24 ("“413 +2p "“1 6 -30p+44;)

bz (4p ...5;3{33-1 60p4-9 G4pt+131)

7@%53 ( -m4174+8;>3+!~*? Gpe=20+41)

«%-— (4ptsp®ea0p®=36p+51)
8?92 (ﬁ%p --5’;‘3 -»885) -9*9?’{3"‘ 43)
gﬁg (=ap8p H8p°=12p+17)
4{}% (=ape56p edop 26196p+63)
.ﬁ%ﬁ (4pP+24p°=24p2e1 2p+ 27)
Z.%,gé_.(-a@p&-f 8pHBp =12p+17)
sham (aptespiriopiatoprio)
53@;@‘ (ap+2ap mnapi12pr27)
?%:53 (uﬂ%p4%*i§!;93-¥~1 6[)2-20@-5-41 3
-é—%% (4134~BQ3-8ER§32+92{W43)
-3%-3 (~dp*+8prap ~12p+17)
m (=ap™ B~ rap 12p+17)
ﬁ% (4p =8p% 16p°=12p+19)
s (=dp F56p md0p 11960+ 65)
sy (4p™24p3a24p®e12p+27)

‘:_5%??1“@ { 4;3#-%‘ 24;33-24;)2-# 12p+27)




o7 (=ap8pr16p%-20pt41)
'8'1'%5 (4p4.993+ 24p2w20p%-1 1)
3‘5%5 («4pPr8p28p2m12pt17)
a5z (=ap 8 rapP12pt17)
E@"%’é (4;;4—401934'79@2-53{3*43}
'@W’éﬁ (ap®-ap r2apa20p+11)
Tobg (~4pH8pirape12pt17)
?ﬁ%ﬁ {=apep it apZe12pt17)
%(49440@3&292-529*43)
Tamey (4p™+120p 4 760p 4 716p+139)
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Hence the jeint distribution (c¢orrelation table) of
full=sib pairs asfter the first generatlon of full=gib mating

is written as in table 4.2,

From this table, the correlation coefficient between
full-sib pairs after the first generation of fullwsib mating
¢can be directly worked out by assuming additive genic effects.

Taking sib I as x, sib II as y and scoring the geno-
types accdxding +0 the number of dominant genes presaent such
as AABB as 4, AABb,AaBB as 3, AAbb,aaBB, AaBb as 2, Aabb,asBb
as 1 and aabb as O and by using -simple coxrelation coefficiont

formula the correlation coefficient can be obtained,

Hore, the correlation coefficient can be of two values
depending uvpon thoe value of p. p is ranging frem O to 0.D.
When there 1g complete linkage p takes the value O and when
thare is na'iinkage p takes the value 0.5,

The correlation coofficient botween fullesib pairs in
the initlal population is worked out from the vector gﬁ".
in the similar manner as mentioned above, is %ﬁ%g. Thus it
can be gseen that when thore is no linkage, the value of
correlation coefficient is 0.9 and when there is complete

linkage it will be 0.6667.

The correlation coefflcient between fullesib pairs
_ , wll
after the fipst generation of full-sib mating 8 F=g is
obtainod as (1 J

ErF—S = %‘Eﬁ% : - (84943)
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Thus in caso of complete linkage, the value of corre~
lation coefficient 1s 0.7143 and in ¢ase of no linkage, the

value of correlation coefficient is 0.6.

Binmklarly the cerfelation table for full-sib pairs,
after the 2nd, 30d sseeses @tGs, generations of fullesib
mating can be worked out assuming sdditive genic effects,
Cozrelation coefficlents of fullesib peirs upte ten gencra-
tlions of fullesib meiking in general and in éase of ¢omplete
linkage as well as in case of no linkage, thus worked out,

are given 1n table 4.3,

The abova ¢correlations have beon graphlcally reprge

gsented and shewn in Fig.1, curve (1) and (2).

The Joint distribution éf parent and offspring after
the first generation of fulleaib mating with two loci A and
B with two aslleles A,a ond B,b at cach lowus with proporw
tions af AB as ({=p)/2, Ab as pf2, aB as p/2 and ab as (1=p)/2
can be obtained by palring one of the parents with an offe
spring obtained from the respective mating, out of the 45
types of full-sib matings,; whose frequencies are given by the
eloments of vector gﬁ‘), in table 4.4,

(1)
The correlation coefficient o%p~0, botween parent

and offspring after the first generation of fullesib mating
is obteined directly from the forrelation teble, by considering



Table 4,3

Correlation coefficient of fullwsib pairs in
ton generations under full-sib mating gystem

Value of correlstion coeffiw
Genera~| Coryelation . Siont ,
tion | coefficient Complete No linkage
linkage _
(p=0  (p=¥2)
0  2=%p 0.6667 0,5
3~29
1 g=4n 0.7143 0.6
2 i 0.8 0.7273
3 =1 A 0,8438 0.7917
4 s 0.8806 0.8431
5 e 0.9065 - 0,8785
6 -S5amiadn 09266 0.9054
75 % e YA E '
7 Fai=sace 0,9419 049256
8 Haeiiee 0.9538 0,9412
9 ey 10,9632 | 0.9533
10 S 049705 049627
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as in case of full-sib palrs, agssuming the additive genic

effect as (1)
1
Srpﬂ{) = 2=4p - {401 04)
J (&=ap)(7-4p) - ' ()

Thus the valuc of correiation coefficient srp-O is

0,7715 when there is complete linkage and it is 0.0708 when
there is no linkage.

Here alvo it can be seon that under the random mating
population the coxrelatlen ¢oefficient is 0.5 when there is

no linkage and it 1s 0.5773 when there 1s linkage.

in a simllar manner, ihe Jjoint distribution and the
correlation cocfficient for parent and offspring pairs
after the second generstion of full-sib mating can be
obtained by using the vector of frequencies g(g) of ‘the

second generation of fullwslb mating as in table 4.5,

Similarly, the joint‘distribution and the correlation
coofficient for parent and offspring for the 3rd, 4th secess
etc., generations of fullesib moiing can be worked out. The
correlation coefficlients between parent and offspring upto
ten generations of fullesib mating in general and in case
of complete linkage as weli as in case of no linkage, thus

worked out, are given in table 4.6,

The above correlations have been graphically repre~

sented and are chown in Fig.1, curve (3) and (4).
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Table 4.6

Correlation coefficlent between parent and offspring in ten
generations of fullesib matlng

Value of correlation
Genera<s Correlation ; coefficlent
tion coefficient ‘Complete No linkage
linkage {p=¥2)
{ p=0
0 =0 . 0.5773 0.5
JT1-PY (3=2p)
1 —iR 047715 0.6708
J (6=dp) (7T=4p)
2 o 12=0p 0.8281 0.7628
"'?‘1"’4-"‘8“‘5?'(‘is‘-"sp' )
3 L 1) — 0.8714 0.8269
JE0=Tep(32=12p) ,
4 | 223D 0.9009 0.8691
Gm32p I\ 0T=32p
5 126-64p 0,9232 0.8998
j {134=64p) (130=064p)} _
6 265-128p 0.9398 0.9222
278«128p) (286-=128p)
7  |e—281=230p - | 0.9528 0.9391
j‘ {572=356p) | S00=256p)
8 e 1.36=512D 0,9623 0.9519
'(1175-512p5(1191-512p5
9 2327=1024p__ 0.9700 0.9619
J (2382-1024p) (2476-1024p)
10 4743=2048p 049757 0,9697
[ (383550480 ) (4567--2048p)
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4,2, Farent=offspring mating

There are two types of parent-offspring mating systems.
In ong, & fixed sire is mated repeatedly to his daughter,
grand-daughter, great-grand daughter, etc., whereas in the
other, each individual is mated successively with his(her)

vounger parent and with his{her) offspzing.

Here the first type of parent-offspring mating ls
considered, i.e., the mating between a fixed sire and his

daughter, grand=dauvghter, etc.

These types of matings are considered under the ten

classes of phenotypic mating as follows:

1., Consider the mating of the type AB ¥ AB

AB can be of genolypos: AARDG, AADb, AaBE and Aalb.

First, the mating of AABD x AADBB is considered. The
former AABD denotes the older parent and the latter denotes
the younger parvent. The former produces gamcto AB with pro-
portion 1 and the latter produces gamete AB with proporiion
1. Thus their offspring will be of genotype AADB with pro-

portion 1. This con be shown as follows:

i) LABE ¥ AABD
AR AD
1 i

e

AABR
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Thus the parent-offspring pair will be (AABB,AABB)
with proportion {.

‘Second, the mating‘of‘ﬁABB x AABb is c¢onsidered. Here
thg former ARBB i9 oldez parenﬁ and AABb is younger parent.
AABB produces gomete AD with propartinn 1 and AABD producee
AB and Ab with prapoztion'% each, Thus their offsprings
will bo of genotype AABB and ABDL with proportion § each.

This can be shown as followss

i1) Aj?ﬂ X AiBb
AB AR, Ab
1 y2 ya
AARB AABD
y2 yo

Thus the parent-offopring pairs will be (AADB,AAEB)
and (AABB,AABD) with proportion % each.

_In_é? similar msnner the following meting typee can
be congldered,
1i4) ﬂi?b % AABDB

AB, Ab B
Yz ¥2
AABD AABb

y2 . ya
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The parent=offspring pairs with iespective proportiona

are as followas

(AABb,AABB) (AABb,AABD)

y2 y2
iv) Nlﬂfi X ATB
AB AB, aB
1 Y2 ¥2
AABDB AaPB
y2 Va2

The parent~offspring pairs with respective proportions

are as follows:

(AADB,AABB) (AABB,AaDB)

¥z ¥z
v) ATB ® AABB
ABY a8 AB
V2 ¥e2 1
AABB AaBB
ya | ¥2

The parent-offspring pairs with respectlive proportions

are as follows:

(AaBB,AABB) (AaBB,AaBB)
4 y2
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vi} AABRB % AaBb

Al AB, Ab, aB, ab
9 V4. ¥4 V4 V4

| asra)  mb(r4)  aB(v4)  ab(ya)

AB AABB AABD Aabb AcBb
1 y4 ya  ya y4

Thus the paront-offspring palirs with respective pro-

portions are as follows:

(AADB,AABB) (AABB,AABb) (AABB,AsBB) (AABB,AsBb)

V4 Va V4 ¥4
vii) AaBh X Ajﬁg
AB, Ab, aB, ab AB
Y4 ¥4 ¥4 Y4 1

| aB(r4) ab(y4) aB(y4) ab(74)

AABD AABDL Aabp AaSh
va V4 ¥4 va

AB
1.

Thus the parent~offspring pairs with respective propor-
tiong arxe ag followss

{AaBb,AABB) (AaBb,AABD) (AaBb,AaBB) (AaBb,AaBb)

74 Ya ya va
viii) AABD X AABD
ABY Ab AB{Lﬁb

y2 y2 y2 ya
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AB(¥2) Ab(¥2)

AB(Y2)| AABB AABDb
Y4 ya

Ab(¥2)| AaBb AADD
Y4 ¥4

The offsprings axreé AADBB, AABb and AAbb with propor=
tions Y4, V2 and ¥4 respectivaly,

Thus the parent-offspring pairs with respective pro-

portions are as follows:

(AABb,AABB) (AABL,AABD) (AABDb,AAbD)

V4 ya Y4
ix) AABD X AaBB
AB, Ab AB}
ya2. Y2 . ¥2 y2
AB(Y2) | Ab(Y2)
AR{¥2)| AABR AABD
Y4 V4
aB{¥2)| AaBB . AaBb
Y4 V4

The offsprings are AABB, AABb, AaBB and AaBb with
proportion ¥4 each,
Thus the parent-offspring pairs with respective pro-

portions are as followse

(AABb,AABB) (AABb,AABb) (AABb,AaBB) (AABDb,AaBb)
ya V4 ya Y4



xs ASEB . R Aj?b
| 'AB:LaB AB} Ab
y2 ¥2 y2 y2

AB(Y2) aB(y2)

AB(Y2)| AABB AaBB
Ya V4

Ab(¥2)| AABD AaBb
ya v4

The offsprings are AABB, AaBB, AABb and AaBb with
proportion ¥4 each.
Thus the parent-offspring pairs with respective pro.

portions are as follows:

(AaBBAABB) (AaBB,AaBB) (AaBB,AABb) (AaB3,AaBb)

Y4 Y4 Y4 Va4
%i) AABD X AaBb
AB}LAb AB, Ab‘!’ ap, ab
Y2 ¥y2 Y4 ¥4 Y4 VY4
AB(Y4) Ab(¥4)  aB(V4) ab(¥4)
AB(¥2) | AABB AABD AaBp AsBb
453 y8 ¥8 14z
Ab(Y2) | AABb Albb AaBb Aabb
¥e 14 Y8 14:]

The offsprings are AABB, AABb, AabB, AaBbh, AAbb and
Aabb with proportions ¥8, Y4, V8, ¥4, V8 and 78 respec~
tively. ‘
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Thus the paront-offspring paire with respective pro=-
portions arce as follows:
(AABD,AABS) (AABRL,AABL) (AABbL,AaBB) (AABL,AaBb)
Y3 V4 Y3 ¥4

(AABD ,AAbD) (AABB,Aabb)
ya 42

xid) AaBb x AABD _

In this mating type, the offsprings with respective
proportions are same as in the case of AABbxAaBb., Here the
older parent will be AaBb and the younger parent will be
AABb, Thus the parenteoffspring pairs with respsctive pro-

portions are as followss

(AaBb,ASBB) (AaBb,AABb) (AaBb,AaBR) (AaBb,AaBb)

78 ¥4 14 ¥a
{AaBb,AAbb) (AaBb,Aabb)
e ¥8
xiii) AgBi K Aafit)
AR, ab AB;L aB
y2 ¥2 Yo ¥2
AB(Y2) aB(¥2)
aB(yz) AABS AaBB
Y4 ¥4
ab(¥2) AaBB aaBi
’ Ya Ya

The coffsprings are AABD, AaBB and aabd with propore
tions V4, Y2 and ¥4 respectively.
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Thus'tﬁe p&éentnoffspring pairs with respective pro=-
ﬁbrticns are as fellows: _ '
(AaBB,AABB) (AaBB,AaBS) (Aabd,eaBB)

) v4 . ¥2. - Ya
xiv) Aﬁ?B % Aj?b
N ABy aB _AB, Ab, aB, ab
y2 ¥y2 Y4 Y4 ¥4 V4

AB(Y4) Ab(?é)v aB(74) an{ya)
AB(Y2) | AABB AABb AsBB Aabb

¥8 £ V8 a8
aB(yz) AaBb AaBb azps agBb
S 4 y8 45 va

The offsprings are AABB, AABb, AaBB, AsBb, asBb and
aaBb with proportions ¥8, ¥8, V4, Y4, ¥8 and /8 vespec=
tively,

Thus the parenteoffspring pairs with respective pro-

portions are as follows:

(AaB3,AABB) (AaBB,AABb) (AaBB,AaBB) (AeBB,AaBb)

y8 ye V4 Y4
(AaBB,2aB8) (AaBB,aabb)
ya j 42

Xv) AaBb x AaBBb

The offsprings with respective proportions of this
mating type will be same as of asbove case Aaaa % AaBb, In
this mating type, older pareant will be Aallb and younger
parent will be AaBB., Thus the parcnteoffspring pairs with

respactive proportions are as followss



(AaBb,AABB) (AaBb,AABDL) (AaBb,AaBB) (AaBb,AalBb)

78 Y8 V4 va
(AaBb,aaBdd) (Aadb,aaBb)
8 78
®vi) AaBb '3 AaBb

AB, AbY aB, ab AB, AbY aB, ab
Y4 ¥4 ¥4 Y4 ¥4 Y4 Y4 V4

AB(V4) apr{¥4) ab{¥4) ab(¥4)
AD AABEH AABD ApBS Aalb
Y4 Y16 16 Y16 V16
Ab AABD AAbb Aalb Aabb
Y4 Y16 Yi6 Y16 Y16
an AaBi AaBb agbi aalb
Va4 V16 716 Y16 Y16
ab Aalb Aabb aaBb aabb
Y4 Yi6 Y16 Y16 716

The offsprings are AABB, AABb, AaBB, AaBb, AAbb, Aabb,
aaBB, aaBb and aabb with proportions Y16, ¥&8, V8, ¥4, V16, V8,
Y16, ¥8 ana Y16 respectively.

Thus the parent-cffspring pairs with respective proe

portions are as follows:

(AaBb,AABB) (A2Bb,AABb) (AaBb,AaBB) (AaBb,A2Bb) (AaBb,AAbb)

Y16 ¥8 V8 74 Y16
(AaBb,Aabb) (AaBb,aalB) (AaBb,aaBb) (Aabb,aabb)
va Y16 78 716

In a similer manpner the other mating types under the
nine classes of phenotypic mating ¢an be considered as

followas



i1, Consider the mating of the type AB _x Ab

1)

£i)

iti)

iv)

; V)

vi)

vii)

AABB x AABD

Parent-offspring paixr (AABB,AABD)

Proportion

AAbb x AABB

i

Parent-offspring pair {AAbb,AABD)

Proportion

AABB x Aabkb
Parent-offgpring pairs

Proportions

Aabb ¥ AABB
Parent-offspring pairs

Proportion

AABb x AAbD
Parent-cffspring pairs
Proportions
AAbb x AA3b
Parent-offspring pairs

Proportions

AMBh x Aabb
Parent~offspring pairs
Proportions

{AABDb ,Aabb)
V4

1

{AABB,AABD) (AABB,AaBDb)
y2 ¥2

(A2bb,AABb) (Aabb,AaBb)
y2 y2

(AABD,AABDL) (AABL  AAbb)
V2 V2

(AABb,AABL) (AAbb,7Abb)
2 y2

(AABD,AABD) (AABb, AaBb) (AABbL,AADD)

¥a V4

59

Ya
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viii) Aabb x AABb
Parent-offspring pairs (Asbb,AABb) (Aabb,AaBb)

Propoxrtions ¥4 V4
(Aabb,AAbb) (Aabb,Aabb)
¥4 Va

ix) AaBB x AAbb
Parent-offopring pairs (AaBB,AABb) (AsBB,AaBb)
Proportiong ye 4

x) AAbb x AaBB
Parent-offspring pairs (AAbb,AABb) (AAbb,AaBb)
Proportions 72 y2

®i) AsBB x Aabb
Parent-offspring pairs (AabB,AABDL) (AaBB,AaBb) (AaBB,aaBb)
Proportions ¥4 ya Va

x14i) Aabb x AaBB
Parvent-offepring pairs (Aabb,AABb) (Aabb,AaBb) (Aabb,aabBb)
Proportions Y4 ¥y2 ¥4

xiil) Aadb % AAbb
Parent=offspring pairs (AaBb,AABDb) (AaBb,AAbb) (AaBb,AaBb)
Proportions V4 Y4 V4
{AaBb,Asbb)

V4

xiv) AAbb x AaBb
Parent-offspring pairs (AAbb,AABDL) (AAbb,AAbb) (AAbbh,AaBh)
Proportions Y4 V4 V4

{AADbL ,Aabb)
V4
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xv) AsBb x Asbb

xvi)

11X,

1)

1i)

341)

iv)

Parent-offspring palrs (AaBp,AABb) (AaBb,AaBb) (AaBb,AAbb)

Proportions y8 Y4 ¥8
(AaRb,Aabb) (AabBbj,aaBb) (AaBb,aabb)
ya jid: 4
Aabb x AaBb
Paront-offspring pairs (Aesbb,AABb) (Aabb,AaBb) (Aabb,AAbh)
Proportions ys V4 Y8
(Aabb,Aabb) (Aabb,aaBb) (Asbb,aabb)
£ ¥s y8
Consider the mating of the type AB ¥ aB
AABB ¥ aaBB
Paront~offgpring pairs (AABB,AaBB)
Propoxrtion 1
aaBB % AABB
Parent~offepring pair (aaBb,AaBB)
Propoxtion 1
AABB x aaBb
Parent-offopring peirs (AABB,AsBB) (AABB,AaBb)
Proportions Y2 Y2
aaBb x AABB

Parent-offapring pairs (aaBb,AaBB) (aaBb;Aabb)
Proportions y2 v
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v) AABb x aabB
Pazont-offepring paiss (AABb,AsBB) (AABb,AaBb)
Proportions - ¥z 4

vi) aeBB x AABb
Paront-offspring pairs (aaBB,AahlB) (aaBB,AaBb)
Proportions ya ye

vii) AABDL ¥ aaBb
Parent-offspring paivrs (AABD,AaBB) (AABb,AaBb) (AABb,Aabb)
Proportions Y4 ya ¥4

viii) asBb x AABb
Parent-offopring pairs (aabBb,AsbB) (aaBb,AaBb) (aaBb,Aabb)
Proportions va ya Y4

ix) AabB % aaBb
Parent-offspring pairs (Aadb,AalB) (AabDB,aabB8)
Proporiions 44 y2

X) aaBB x AaBB
Payentwoffspring pairs (aaBB,AaBB) (aebB,aaBB)
Proportions ¥2 y2

i) AsBB x aaBb
Parente-offspring pairs (AaBB,AabB) (AaBB,AaBb) (AaBB,aadB)
Proportions Ya Y4 Y4

{AaBB,aaBhb)
Y4

xii) mabBb x AaBB
Parent-0ffspring pairs (aabBb,AaBB) (aaBb,A2Bb) (aalb,2aBB)
Proportions Y4 ' ¥4 V4

(aaBb,aaBb)
Y4
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x13i) AaBb % 228B
Parent=offspring pairs (AaBb,AaBB) (AaBb,AaBb)

Proportions V4 ¥4
(AaBb,aadB) (AaBb,aabb)
¥4 Va4

xiv) aalB % AabBb
Parent-~offapring pairs (a2abB,Aap3) (aalB,Aadh)

Proportions V4 74
(aaBB,aaBB) (aaBb,aaBb)
74 Y4

xv) AaBb % aaBb
Parent-offspring pairs (AaBb,AatB) (AaBb,Aabb)
Proporiions V8 V4
(AaBb,Aabb) (AaBb,azhB3) (AaBb,aaBb) (AaBb,sabb)
Ve V8 Y4 (4t
#*vi) @aaBb x AaBb
Parent-of fgpring pairs (asBb,AadB) (aalb,AaBb)
Proportions y8 74
(aaBb,Aabb) (aallb,aafB) (aabb,aalb){cabb,aabb)
V8 ye ya va
iV, Conslder the matings of the type AD x ab
i) RARB x aabb
Parent~offopring paiyr (AABA,AaBb)
Proportion 1
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$1) aabb x AABB
- Parent-offspring palr (aabb,AaBb)

Proporition |

iii) AADDL x aabb
Parent-offopring pairas (AABb,AaBb) (AABD,Aabb)
Proportions y2 ye

iv) aabb x AABb
Parent=offepring pairo (aabb,AaBb) (aabb,Asbb)
Proportions y2 ¥z

v) AaBB X aabb
Parent-offspring pairs (AzBB,AaBb) (AaBB,aaBb)
Proportions ¥2 ye

vi) aasbb % AaBB
Parent=offspring pairs (asbb,AaBb) (eabb,eebBb)
Proportions Yo ya

vii) AaBb x aabb
" parenteoffspring pairs (AaBb,AaBb) (AaBb,Aabb) (Aalb,aabb)
Broportions Ya Y4 V4
(AsBb,aabb)
V4

viil) aambb x AaBb
Parent=offopring pairs (aabb,AsBb) (aabb,Aabb)
Proportions va ya

(aabb,zadb) (aabb,aabb)
V4 V4



V. Consider the matings of the typo Ab % ab

1)

1)

$11)

iv)

v)

vi)

vii)

AAbb x aabBB

Parent-offspring pair (AAbb,AaBb)

Praportion

aghb x AAbb

i

Parent-offspring pair (aaBB,AaBb)

Proportion

AAbb x aalb
Parent-offspring pairs

Proportions

asbb ¥ AADb
Parent-of fspring pairs

Proportions

Aabb % aaBb
Parent-offspring pairs

Proportions

agiB ¥ Asbb
Parent-affspring palrs

Proportions

Aabb x sabBb
Parent-offopring pailrs

Proportions

(Aebb,aaBin) {Aabb,aabb)

Ya Y4

1

(AAbb,AaBl) (AAbb,Aabb)
¥z yz2

{aaBb,AaBb) (aaBb,Aabb)
ye ¥z

(Aabb,AaBb} (Aabb,zabb)
¥2 v2

(aaBi,AaBD) (aaras.éaab)
Ve y2

(Aebb,AaBb) (Aabb,Aabb)
Y4 Y4

a5



viii) asBb x Aabb
Parent-offepring pairs (aaBb,AaBb) (aadb,Aabb)

Proportions Y4 Y4
(2abb,aaBb) {aaBb,aabb)
va y4

Vi, Consider the matings of the type Ab » Ab

i) AAbb x AAbD
Parent-offspring pair (AAbb,AADb)
Froportion 1
ii) AAbb x Aabb
Parent=offspring pairs (AAbb,AAbL) (AAbb,Aabb)
Proportions 72 e

ifi) Aabb x AAbb
Parent-offspring palrs (Aabb,AAbb) (Aabb,Aabb)
Frxoportions yo j 47

iv) Agbb x Aabb

Parente-offapring pairs (Aabb,AAbb) (Asbb,Aabb){Aabb,aabb)

Proportions V4 V2
Vil, Consider the matings of the type Ab_x ab

1) AAbb x aabb
Parent~offspring pair (AAbb,Aabb)
Proportion 1
ii) aabb x AAbb
Parent-offspring palr (aabb,Aabb)
Froportion 1

y4
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1ii) Aacbb x aabb
Paront=offspring pairs (Aabb,Aabb) (Aabb,aabb)
Proportions ¥2 ¥2

iv) aabb x Aabb
Parventwoffspring pairs (aabb,Asbb) (aabb,aabb)}
Proportions ¥z y2

VI1i, Consider the matings of the type aB x aB
i) 28BB x aabB
Parontw~offspring pair (aahb,aaBB)
Proporilon 1

1i) aeBB % -aabb
Parent~offspring pairs (aaBb,0aBB) (20BB;20Bb)
Pyoportions y2 ya

1il1) asBb x 2883
Parent=offspring paire (aaBb,aeBR) (aalb,aaBb)
Praportions Y2 ¥2

iv) aeBb X aaBb
Parentwoffspring pairs (aaBb,2a88)(aaBb,asBb) (aaBb,aabb)
Proportions Va y2 £

IX. Consider the matings of the type aB _x ab
i) a2oBB x aabb ‘
Paranteoffspring pair (aabid,aabb)
Proporticn : |
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4i) aabb x aabbB
| Parent-offspring pair (aabb,aaBb)
Proportion i

iii) =abBb x aabb h
Parent-offspring pairs {(eabBh,aaBb) (aabb,aabb)
Propoxtions y2 y2

iv) aabb x aaBb
Poront-offspring pairs (aabb,aadb) (aabb,aabb)
Proportions Y2 Y2

X+ Consider the mating of the type ab ¥ ab
i) aabb x aabb
Parzent-of fspring paiﬁ-(aabb,aabbJ
, Proportion 1

in the mating types montioned above, a2ll possible trosses
are considered, Thus 81 types of matings ave obtained, BHut
we camnot get B! parent-offspring pairs because some of the
parent-offepring pairs such as (AABB,AA@&), {AADB ,Aabb) ,
(AaB3,AADb), (AsBB,Aabb), (AABD,aaBB), (AABB,paBb), (AADD,aats),
(AABb,aaBb), (AABB,aabb), (AABb,cabb), (AaDB,aabb), (AAbb,aaBB),
(AADbD,aaBb), (Aabb,aaBB), (AAbb,aabhk), (aabBB,asbb) and their
respective reciprocal peirs (on the whole thore are 32 such
pairs) cannot be obtained from any of 8% types of matings
for the successive generations. Thelr frequencies will be

always zero in all generations. Thus eliminating these
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tromaptse ot
32 columns of parenteoffepring pairs, the,generatlon

)
matrix(ﬁ#)fam tho pagent-offspring mating type can be

obtained as shown in appeondix 1L,

With the help of this generation matrix and the proe
cedure given in the case of fullesib mating, the vectox

th

of froquencies aftey the n™ gencration of parentwoff-

epring mating ¢an be ealculated,

4e2e1, Fullesib correlation

Ag in the case of fulleslb mating system, the parente
of fspeing mating system ig also developed from tho 8%
mating types from the equilibrium random mating population,

#
Now the vecgtor of frequencilas, yﬁ" » 0f the 891 parente

offspring mating types can be obtalned as

p{1)® o " y(@ (4e2.1)

. .
where A 1s the gensration matrix for parent-offspring

mating system. Thus it can be written as,

la— -

A (-2p% 7p% apt3)
“!"""( 2p°m3p2e1)
sa~(2p =5p% 3p
3h-(20%3p%1)

"l"( 2p%80% 3p)

£}
51




ﬁié-a(_zp"%—?pg-sms)
fé—z—-(-.-osp‘gﬂ Opz-ai-}p*r:a)
~{epPp)
—(=2p%p%p)
3~L(~29 +pPep
"'?;."’(-.P ’*‘ﬂ)

75 (20 =2p+ 1)

Q@ O <

g{a-(- p2+p%p)
5%—-(-.2;; +3p 2
fgt},_—( 2p ~5p%+3p)

Fi-(2p°-5p%+3p)
0

0
¢
6
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4"(493-21924"1 )
—1“(29 %)
b= (2p%e2p1)
~~(=p™p)

0

o o o O o Q

(--&9 +p%p)
-—L(mf—*p +3p°)
s5~(2p°~5p™3p)
k- (2pP-5p% 3p)
g};ﬂ(dﬁp3m2p2+‘i )
= (2p%p%)
Th(2p%=2pt1)

g
.,.ém(.,p%p)
0

S o O O
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0
Zh-(~4p°+ 10pPgpt2)

5i~(=2p 4 7p2ugp3)
0

Lo = B = B = I v |

3%'(—2:33% +p)
-%-(-21334*9 +p)

-Q-(zp +p
-‘L(-zp % ap?)
-gfé-*(-zp +p%p)
~I=(epPep)

o

0
—-la-.{.’»;’paw?ﬁpg-l-ap) |
2h-(2p®3p%1)
Th-(2p°ep?)
s(-2p% 362)

1 !
55~(=2p%p%p)

T2
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~A- (= p)
o
0

sA=(2p"-5p Z3p)

-i-(ﬁ‘)p ,,,39 41}

-Ju{-zp +Tp m@p*ﬂ}

Now the joint distribution (correlation tasle) of
fullesib polrs under the first goneratisn of parent=offspring
nating can be obtalined by poiring the offspring in the first
generotion of the parent-offopring mating, within cach of

the vac%argg(iJﬁg as given in table 4.7,

(1)
The correlation coefficiont p-BEF—EEE between Full=sib

pairs undey the Firot generation of parent=0ffspring mating

%8 obtained directly from the corrclation table by employing
the nathod gxplained in fullesib mating, assuming the addi-

tive genic effect as

of1) .
p-.f} Fub ::1%::%5%% {4.2.2)

The velue of correlotion coefficient i& 0,733 when
there is complete linkage and it is 0.6 when there is
ne linkage,

in & pimilar manner the column vectar,|gfz}*p of theo

froquencics of the 81 parent-offspring mating tyses in the
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gacond generation of parent-offgpring mating can bo obtained
aby ‘ |
glah o g% gl (442,8)

Hence y_‘a’* can be obtained,

o5 (=2p%23p2-40p+19)
ﬁe—é (2p3fi-pa-8f3“’5}

15 (2p°=15p7+13p)
155 (20%p =8pt5)

'12&3 (2p° =15p %r13p)

E -1-32-'5 (=2p® 4T '-8p+13)
T (-4p%+22p°=20p49)
u(ﬁ* - ?%- (~3p> 43p)

-;%—3- (~2p°%-p>+3p)

T%ﬁ (w2pep%+ 3p)




0
0

‘-,—%g (=2p°=95+11p)

1 2

128 (-29347{.) ’ )
o

'1"‘2@' (2p'-3-7;) +Bp)

Té'g {2p =Tp25p)
4]

0
0
0
k= (4p*10p%12p27)
a5 (2p%9%)
7%—- (2pP=2ptt) -

v,-%-v (~p%+p)

0

Qo o o O O

1o (<20°-9p%11p)
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a5 (=205 7p%)

-.;-"gg,: (2p°~Tp%+5p)

' -1-%5 (ngn-?pﬁ-kﬁp)
755 (40 #10p%12047)
rl%g ( 2p%p?)

3o (2pP=2pt1)

o (~p2~¥*ps
0

Lo T o S o B = |

0
ks (~4p%22p%-20p+9)

-1-%-5 (-293+7p2-8p+3)
0

= T o o B ' B o ]

o5 (~20%-p%3p)

75 (~2p°~p%e3p)

7l
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ok (203177
T3 (~20%7p%)

Tg’gg (-2193-992% 1p)

Ths (~2p°-9p™11p)
To-(-3p™ 3p)
0

0
e (2p°-15p%13p)
3127-3' (2p%p=Bp+5)
755 (=2p"+23p%40p+19)

——

Mow as in the previcus case, by pairlng and pooling
the frequencies of rospective Fullesib pairs from the
offspring of the second generatlon of parent-offspring
mating, the joint distribution of fullesib pairs in the
spcond geheration of parent~offspring mating can be chtained
ag in table 4.8,
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=£2)
The correlation coefficiant p—@ Fely batween the

full=gilk pairs after the second generation of parent=-ofi-
spring mating is obtalined directly by asouming additive

gonic offoect as

2 ,
pefres = SeEgR (442.4)

The value of dorrelation coefficient is §,797% when
there ic complete linkage snd it is 0,86218 vhon there is no
linkage,

Similazly, the jJoint dlstribution and correlstion
coefficients for full-gib pairs, in the 3rd, 4TH, seese CELyy
genorations of parent-offopring mating com be worked out.
The cozreolatlion coefficlients betweon full=sib poizs upto tzn
generdtlions of paront-offopzing, in generel and in case of
comploete linkage as well 2s 1n case of no linkage are worked
cut and are given in table 4.9,

The above correlations have been graphically zeproson-

ted and are shown in Filg.2, cupve (1) and (2),

En"ﬂﬂetlon”ﬁ.i;i;;u@ ﬁav@iseen that the column vectsr
of froquencios of the parent-offspring palrs from on ogule
1ibriym random mating psgulatian was glven by u“’*. Again
tho eolumn vector of frequencios of the parent=offopring
nating type in the first genoration of parent~of fopring

mating,‘g(ﬁ)@, has beon given in (4.2.3).



Table 4.9

B1

Corrslation copfflicients between fulle-sib palrs in
ten generations of parent-offspring mating

Value of carralatién

a : coefficlent
enc- |Correlstion
ration|coefficient igmzlate M? l§g§sge
ngage p=y 2
( p=0
0 =R 0.5773 0.5
JUT=p} (3<2p)
‘ ‘ 4T O
i -T%:%ggumn- 0.7333 0,6
_ &%iu
2 | ~ggee— 047971 0.6818
. 2480026
3 | -5 0,8249 0.7174
) 1033062
4 | ~rsrses— 0,8378 0,7340
4241~3970p
° 5025-3970p  0.8440 0.7421
17185=161300.
6 | eIt 0.8470 0.7461
6918565026
7 3153 7~65056p 0.8485 07480
8 0.8403 0.7490
_ 1112321=1046530p
¢ 1309185=1046530p 0.8496 0,7495
10 4450865+4190210p .
| TH239809-4196210p 0.8498 0.7498
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. *
By using this vector of frequencies, g‘g) s shovm in
gaction 4.2.1, tho correlation tadble of parent-offspring
pairs in the first generation of parent-offspring meting can

he worked out as in table 4,10,

(1)
The correlation coefficient p-Grp-O can be worked out

directly from the above table and it is given as
() (1=p)
JUT=p) (15~10p)

The value of correlation coefficient is 0,7746 when
there is complete linkage and it is 0.6708 when there is

no. linkage,

S$imilarly, the correlation coefficients of parente
of fspring palrs under parent-offspring mating for '2nd,
3rd, seceesse, €1C,, tan be worked sut from conralgtion

tables by assuming additive genid effects.

The coxrrelation ¢oefficients’ between parent and offw-
spring upto the ten generations of parent-offspring mating
in general and in case of complote linkage as well as in

¢ase of no linkage areo worked out and are given in table 4411«

The obove correlations have been graphically zepresented

and are shown in Fig. 2, curve (3) and (4).
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Table 4,11

Correlation cocfficients betwaen parent and offspring
in ten generation of parent-offspring mating

o Value of correlation
' coefficiont
Gonera= Correlation -
tion coefficient Compleote No linkage
linkage (p=V2)
{p=d
0 l=p 0,9773 0.5
J (t=p)(3=2p)
1 —mid{1=D) 0.7746 0,6708
J‘(1-p)t15-10p)
2 | metli=0) 0.8427 0.7462
J—(1~p)(69-50p3
3 15(1=p) 0.8704 0,7819
(T=p)(207=226p)
4 —31{1=p) 0.8328 0,7994
T<p)(1233-962p
5 —53(1=0) | 0.08887 0,8079
1{1-p)(5025-3970p)
6 127(1=p) 0.8916 0.8122
. F1-p)(20289-16130p)
7 ggﬁitfgi 0.8930 0.8144
JI1-p)(61537-65026p) -
8 511(1=p) 0.8937 0.8134
]T 1=p) (32691 3-261122p)
- _
9 1.023(1=p) — 0.8942 0.8160
[(T=p)(1309185-1046530p)
2047( 1=p)
10 —_— 0,8943 0.8162
FT:STT3§§E§69-4190210§7 |
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CHAPTER V

DISCUSSION

In the prosent investigation an attempt was made to
study the genetic correlations of fullwsib pairs and
parent-offspring pairs under full=-sib mating systom and
parent-of fepring mating system in case of two loci with
two alleles at each locus, The study of corrclations of
fulle-sib pairs and parent-offspring pairs under fullesib
mating system were carried out in section 4.1.,1 and sec-
tion 4.1.2. Similarly the study of correlations of fullwsib
palrs and parente-offspring pairs under parent-offspring
mating system were carried out in section 4.2.1 and sec-
tion 4,2,2,

In section 4.1.1, the joint distributlon of fullesib
pairs in the first generation of full-sib mating was derived
using generation matrix and the ¢orresponding correlation
was worked out therefrom, Further, a series of fullesid
correlation ccefficients for first ten generations of fulle
sib mating in general and in case of complete linkage as
well as in c¢ase of no linkage was obtalned as given in
table (4.3). It could be observed from this table that
when there was no linkage, the correlation coefficient
stoadily increased from 0.5 under random mating to 0,9627,
and when there was complete linkage it increased from 0.6667

under random mating to 0.9705, in tenth generation of full-sib
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mating., This was fully in agreement with the principles

of inbreeding.

It was also observed that (1) even under random mating
the value of correlation coefficient was 0.5 when there was
no linkage, (ii) it was 0,6667 when there was complete
linkage and (1il) the values of correlation coefficient in
complate linkage were greater than the values of the corre-~

lation when there was no linkage in all generations,

Section (4.1.2) concerned with the derivation of joint
Qistr#bgtion of parent-offspring pairs and the calculation
of parent-offspring correlation under fullesib mating,
adopting generation matrix approach., The correlation co-
efficients of parent-offspring palirs in the first ten gene=
rations of fulle-sib mating in general and both cases of
complete linkagé and no linkage woere worked out in table
(4,6). The table indicated that when there was no linkage,
the correlation increased €from 0.9 under random mating to
0,9697 and when there was complete linkage, it increased
from 0,5773 under random mating to 0.,9957 in the tenth
generaiion of fullesib mating. These findings were also
in full agreement with the phenomena of inbreeding. Here
also ail the values of correlations in complete linkoge were
greater than the correlation coefficients in case of no

linkage,
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These four correlations, viz., full=sib corzclation
(no linkage), full-sib correlation (complete linkage),
parent-offspring correlation (no linkage) and parenteoffe.
spring correlation (complete linkage) were exhibited gra-
phically in Fig.1 by curve (1), cuzve (2),.curve (3) and
curve (4) respectively. From these curves, it could be
ocbserved that initially the increase was in linear fashlon
and after third generation it increased with decreasing
rate in all cases, From the investigation of the cbrrela—
tion curves, evenfhough the fuliesidb corrclation coefficient
at the presence of linkage was greater than the parent-
of fspring correlation in initial generation (random mating),
the latter incrcased more raplidly than the former from the
initial genoration to first generation. It was revealed by
the facts that (i) slope of curve (4) was steeper than that
of curve (2), (ii) curve (4) crossed the curve (2) between
initial and first yeneration. Nevertheless, from the second
generaticn onwards, the rate of increase in both of curves
of correlation coefficients were nearly the same upto tenth
generétion. From the fourth generation onwards, correlation
coefficients became nearly eqﬁal to each other and tend to

unity in infinite number of gonecrations.

A comparative study of these four curves revealed
that the parente-offspring correlations were of comparatively
higher order than the fullesib corrolations in ease of no

linkage as well as in casc of complete linkage.
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in section 4,2.1, the joint distribution of full=-sib h
peirs under the first generation of parent-offspring mating
was derived using generation matrix theory and the correc=
ponding correlation was worked out therefrom. Proceeding
from this, fullesib correlation coefficlents for first ten
generations of parent-offspring mating in general and in
case of complete linkage as well as in case of no linkagg|
were obtained as given in table 4.,9. From thla table, it
could ‘be seen that, the correlatlion Iincreased as the number
of generation increascd in both cases of complete linkage
and_no linkage, When thore was no linkage the corrclation
increased from 0.5 under random mating to 0.7498 and when
there was completo linkage 1t increasced from 0.5773 undor
randon meting to 0.8498 in the tenth genecration of parente
offepring mating. This findlng was in full agreement with
the principles of inbreeding. In this case also the values
of correlation coeffi&ients were more in complete linkage
in all generations and it was found that even under random
mating it was 0.,5773.

Further the derivatlon of joint distribution of parente
offopring pairs and the calculation of parent-offspring
correlation under parent-offspring mating system were carried
out under the section 4.2,2, The correlation coefficients
of parent-offspring pairs in first ten generations of

parent~offepring mating in general and in both cases of
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complete linkage and no linkage were worked out in table 4.11.
The table indicated that the correlation increased as the
number of generation increased, It was also in full agroe-
ment with the phenomena of inbreeding. The graph exhibit-
ing the tzends of fullwsib corrclation (no linkage), fullwsib
currelatioﬁ (complete linkage), parent—offsprlng correlation
(no linkage) and parent-offapring correlation (complete
linkage) under parent-offspring meting was given in Fig.2

by curve (1), curve (2), curve (3) and curve (4) respectiw
vely. From that figure it Wwas scen that the correlaticn
increased as thelnumber of generation increased, but the
rate of increase g;adually raduced as the numnber of gonera-

tion increased,

On comparing the parent-offspring correlation with the
full=sib correlation, it was seen that the trend in both
cases remain the same, but the value of parente-offspring
correlation was always greater than that of the fullesib
correlation in case of complete linkage as well as in case

of no linkage.

In comparison of all thece correlations, one could
casily observe that the correlations increaced as the number
of goneration increased and ultimately zeached the limit
unity when the number of generations increased indofinitely
large. It was intoresting to note that the parent-affspring

correlation was higher in magnitude thaﬁ that of fullesib
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correlation under both systems of mating in case of no
linkage as wsll as in case of complete linkage, It was
also observed that in case of complete linkage the magnie
tude of correlation was more than in case of no linkage
even under the same system of mating. When therc was cofe
plete linkage, the parente=offspring correlation under
parent-offspring mating increased at a rapld rate than the
parent-offspring correlation under full=-sib mating upto
third generation, but from fourth generation onwards the
latter increased at & more rapid rate than the former and
became slmost unity in the tonth generation, When there
was no linkage, oventhough the parent-offepring correlations
under both gystems of mating were the same in both initial
generation {random mating) and the first generation, the
parent=of fspring correlation under full-sib mating system
increased at a rapid rate than the parent-offspring corre-
lation under parent-offspring mating system from sscond
generation onwaxrds and became nearly unity at the tenth

generation,

Eventhough in the presence of linksge the values of
full=-sib correlations under fullwsib mating was greater than
that of fullwsih correlation under parent-offspring mating
in the initial generation (random mating), it was found that
the latter became greater than the former in the first

genagration. However, from the cecond generation onwards
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the fullesib correlation under fullwsib mating increased
pore rapidly than the fullesib correlation under parente
offspring mating, and tend to unity as the number of gonow

ration became indefinitely large.

It was also interesting to note that eventhough the
ahove two correlations in the absence of linkage remain the
same in initlal and first generation, from thé second gene-
ration onwards the fullw=sib correlation under fullesib
mating increased more rapldly than the full-sib correlation
under paront~-offspring mating and tend to unity as the num-

ber of generation became indefinitely large.
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CHAPTER VI

SUMMARY

The objectives of the present investigation entitled
"A Study of Genetic Correlations under Full=sib Mating
System {(two locl case)® were malnly fourfold, viz.,
(1) to derive the joint distributionecorrelation table
and to find the correlation betiween fullwslb palrs under
full-sib mating system in the case of two loci, when there
is no linkage as well as when there is complete linkage,
(11) to derive the joint distributionw-correlation table and
to find the correlation between parent-offap?ing palrs under
fullegib mating system in the case of two loci, when there
is no linkage as well as, when there is complete linkage,
(11i) to derive the joint distributionecorrelation table
and to find the correlation between fullesib pairs underxr
parent=of fspring mating system in the case of two loci,
when there is no linkage as well as, when there is complete
linkage and {iv) to derive the joint distribution~correla-
tion teble and to find the correlation between paronteoffe
spring pairs under parent-offspring mating system in the
case of two loci, when there 1ls no linkage as well as, when

there 1s complete linkage.

The study of corxelation between relatives under diffoew~

rent inbred systems so far had been made only in the case
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of single locus with two alleles, Hence an eltempt was
made in this investigation to study the genetlic correlations
of fullwsib pairs and parent-offspring paire under full-sib
énd parent-offepring mating system in the case of two locl
with two alleles at cach hours, when there is no linkage as

well as when there is complete linkage.

To £ind out these corralations, the generation matrix
A for full=gib mating with dimension (45 x 43) was obtained
£rom 45 genotypic mating types under ten ¢lasses of pheno=
typic mating types, Similarly the generation matrix‘ﬁf for
parent-offspring mating with dimension (81 x 49) was obtained
from 8% genotypic mating types under ten classes of phenow
typic mating. '

Denoting the vector of frequencies for nth

genaration
under fullesib mating systom by‘y("), the vector of frow
quencliles for thoe successlive agensrations under fullesib
mating system was computed by the recurrence relation given-

by
g‘(n) =‘ﬁg(n-—1)

From this recurrsnce relation; the correlation tables
for fullw-sib pairs for any generation of fullesib moting
system could be easily worked out and the corrclations were
calculated therefrom. The~corzela£ions between fullesib

palrs were calculated for the first ten generations of
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full=sib mating in both the dases of complete linkeage and

no linkoge. then %hexa was no linkage, tho corvelation
between fullesik pairs undor fullesib mating system ranged
from 0.5 &n initial generation %o 0,9627 in tonth generatioﬁ.
Vhen there was complete linkoge, 1% ranged from 0.66067 in
initial generation to 0.,9705 in tenth generatien.

The correlation tebles for parent-offspring pairs
under any gencration of full=sib mating system was also
davaeloped fron the recurrence relatlon

Jm® Ay (net)

From this pecurronce zolation, the correlation tables
for parent-0ffspring pairs for tho first ten generations of
full-=sib mating were worked out and the corrclations were
calculated thezefron in both the cases of complote linkage
and no linkage. In case of no linkage the ¢orrelation Bbet-
veen porcnt-offspring palrs under full-sib mating systen
ranged from 0.9 in initial generation ¥0 0.,9700 in tenth
generatlion, In case of coemplote linkoge it ranged from
0.8773 4n initial genoration to 0.9760 in tenth generation.
vhon there was no linkoga, the values of correlation coeffiw
cients for full=sib palrs and parent-offspring palrs were
found to pe 0.9 &in initial generatiocn, However, when there
was caomplete linkage the values of these correlations were

found to be 08,0667 ond 0.9773 respectively,
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”ﬂ@not&ﬁg the vector of frequoncies for n generation

- . . . N ‘ .ﬁ,
under parent-offspring mating pystem bvigtﬂ) » the vector
af frﬁquenéiés'for Fulle=sib ga&re for nﬁh goneration under
parenﬁaaffspriﬁg nating oystem could be obtained from tha

regurrence relation given by
| y‘,(n)m&ﬁ(n-i}w '

From the above zelation, correlation tables for fulle
sib paivs for the {lrst ten gonerations of paronte-offspring
making were worked out and thoe correlations were c¢aleulatod
therefrom in bolh ¢ases of no linkage and complete linkage.
ﬁhgn there was no linkage, the ecorrelation between fullwsib
palrs under perent-offspring moting system zenged from 0.9
in initlial goncmation to 047498 in tenth genorwations Whon
there was complate llnkage it ranged fzom 0.,89773 in initial
generation to (.8498 in tonth generatlion.

Similazly, the corzelotion tables for parzentwoffspring
paire under any ¢eneration of parent=offspzing noting systom

could bhe obitolned from the recurrence relation given by
{n}*_ % {nef)s
yne afyle=t)

From thls recurvence melaticon, the correlation tables
for pagenteoffspring paizs. for theo first ton gonerations
of parent-oifspring moting were worked out snd the correla-

tions wore calculated therefrom in both cases of complete
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linkage and no linkege. In case of no linkage the corze-
}atian between parent-offspring pairs untder paxent-offspring
mating system ranged from 0,5 in indtlal geoneration to
0.8162 in tonth genezation. In cose of complaete linkage it
renged from 08,5773 2n initial goneration to 0.8943 in tenth

generation,

Under parent-offopring mating system alse the values
of correlation coefflclenits for fullesib pairs and parénte
offspring pairs were found to be 0,9 in ini¢ial generation
when there was fio linkage, However, when there was complete
linkage the values of these gorrelations were found to be
0.5773 eaths

‘The correlations such as fullesib correlation (no
linkage}, Tullesib correlation {complete linkage), patonte
offspring corrclation (no linkage) and parent-offepring
correlation (complete linkoge) were graphically represcnted
against the first ten generations of fullwsib mating in
figure 1. Similzsrly, the same types of correlations under
parent=offopring mating were graphicolly represented against

the first ten generations in flgure 2,

it wos found that the correlations in complete linkage
were alwaye greater than that of corxelations in no linkage
in both the system of mating. Tho valuos of correlations

for full-sib pelrs and poront-offspring pairs undey
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parent-o0ffopring mating were lower oxder than that of
goprelations undor fullesih mating system in both cases

of no linkage, and complote linkage, Howevaey, all these
correlations increased as the number of genoration increased
and roached theo limit unity vhon tho nunber of generation

increased indefinitely large.
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ABSTRACT

A purely theoretical investigetion entitled "A Study
of Genotic Correlations under Fullesib Mating Systen (two

loci case)” was carried out with the following objectives.

1) to derive the joint distribution (correlation table)
and to find the correiation botweon fullesib pairs under
full=sib mating system in the case of twe loeci whan there

is no linkage as well a¢ when there is complete linkage,

1i) to derive the joint disfribuﬁion (correlation
table) and to find the correlation botween parcont-offspring
pairs under full-sib mating systom In the case of two loci
when there is no linkage as well as when there 1o conplete

linkage.

1ii) to dorive the joint distpibution (correlation
table) end to find the correlation between full-sib pairs
under parent=offspring moting system in the case of twe
loci when thozre is ne linkage as well as when there is

complete linkage.

iv) to derive the joint distribution.(correlation‘
table) end 4o find the correlation between paronteoffspring
palrs under parent-offspring mating system in the cese of
two locl when there is no linkage as well as when there is

complete linkage,



The joint distributions of fullesib palrs and parcent-
offspring paizs undor fullesib mating system wore derlved
with the help of generation metrixz tochnique and the corree-
lations woze worked out thorefromn, assuming additive genic
effects and using the product-moment correlation coefficient
formula, The correlations were worked out for the first ten
generations of full-sib mating in both cases of no linkage

and complote linksgee.

A comparative study of fullesib corgélaﬁions and
parent~-offopring correlations, conducted both numerically
and graphicolly, revealed that (i) eventhough full=sib corro-
lation was greater than parent-offspring correlation in
initial generation {random mating) when thore was complete
linkoge, the latter increased more rapidly than the former
from initial generation to first generation and (ii) from
-the seeond goneration onwards, the zate ¢f increase in both
of correlations were neorly the same upto tenth generation,
It was Interesting to note that the paront-offgpring covre-
lations wore of comparatively highoer order than the full=sib

correlations in both cases of complete iinkage and no linkage.

Similarly, the joint distributions {(correlation tables)
for full-sib pairs ond parent=-offspring palrs under parent-
offspring mating system were derived employing generation

matrix approach and the correlations for the first ten



generations of parent-offspring matlng In both cases of
no linkoge and complote linkage were worhoed out therefrom.
A caﬁp&raﬁive study of these corzelations was carrisd out
hoth numerically and graphically, It was found that the
tzend in both corrclation cuzves romdin the some, but tho
value of parent-offspring corrolation was always greater
than that of full-sib corzelation in case of no linkage

as well as in caso of compleite linkage,

In comparison of all these correlations, it was found
that the correlations increased as the nurber of generation
increased and ultimately reached the 1limit unity when the
number of generaticnsg increased indefinitely large. It was
also observed that the magnidtude of cozrelation in case of
~complete linkage was more than that of correlation in ease

of no linkage even under the same system of mating.





