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INTRODUCTION AND
REVIEW OF LITERATURE



INTROBUCTION
AND
REVIEV OF LITERATURE

The resmmblance detween Felatives is ane of the dasie
genetic phenonena displeyed by metric characters, and the
degree of resmblance is s preperty of the charaster that
celt be determined by relatively iitah, Reassurenents nsde on
the pepulation vithout special experimental technique. The
degree of resemblance pmi«aﬁ the means of estimating the
amount of sdditive genetic varianes, and it is the preper-
tionate smount of additive vartance (L.0., heritability)
that ehiefly determines the best bresding metned 0 be used
for imprevement,

Genetic correlation between relatives gives e conmsistent
measure of resenblance between them end hence can find a let
of spplicatien in genetic basis of selection. The correlatiom
between common relatives sueh as full aib or parent-offspring
takes a Value of half and the esrrelition betwsen half-sibe
takes s value of one fourth under sm equilibrium rendom
mating pepulstion. But wvhen regular aystems of inbreeding
1s practiced, the correlatisn esefficlent between the relatives
inereases with the degree of inbreeding.

Different suthors have pmm spparently very differeat
Betheds of obSaining the gemetypie cerrelations between
relatives under different inbred systems. One smong thes is
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a straightforvard but long precedure by whieh the sbselute
fuqumin of the varicus combinations ef the stated
relstives in the zeneral population are first found out
snd then the correlation is calculated from such e
tcorrelation table'. The corrslation dDetween fullesids
under d4ifferent generations ofv fulléaid msting systes have
veen obtained by Li ('Pepulation Genetics', Pages119) by
such a long process. The proced.re of ootaining the
frequencies of Mo—mpm or first mdn combinations
is entirely too tedious even with the help of matrix

' notations (Hogoen, 1933). Tms the algevrais sethods
_becomé cumbersome vhen used for the more complex or irregular
inbreeding systems or for more then one palr of gemes.

An entirely different teshmigue duvolop'od by Wright
(1921) utilises the concept of path coefficients. This
method gives the required corrslation coefficient diut
instently once the relstionship is specified, but does
20t give us eny infermstiom about the freq.emcies of the
various coubinations of the relatives in the population.
Mereover, one has to be familisr vith the mathemstical
therenss comserning the path ceefficienta bLefore he can use
them to derive the required cerreletions. The factors
defined by ﬂﬁo‘r are pndnly the same as the path
coeffislents defined by ¥right.

The full specification of all the properties of
populetions which have undergons a specified musber of



gemerstions of inbreeding secording to some system of
consanguinecus mating has not hmn_uo by any of the
sbove suthors.

Fisher (1949) developed a generstion matrix theory
by vh&eh all the p:opwtin’c can, with sufficient laocour,
be elucidated. The method provides s simple end flexiole
um' of working out thc frequencies of diffarent Sypes
of mating under regular systeso of inbreeding. The methed
was first presented in the litcnwn spparently by Bartlets
end Haldane. Though the progress towards Reterosygosis
for sexelinked cheracter was studied by Fisher and Hidane
- (1937, 1955), they gave only a general treatment of the
subject. |

Kempthorne (1955) ecaleulated the correlatiom of
parent-offspring pairs and fullesid pairs im generations
" of fullesib moting by making use of the generation matrix
theory. Homner (1956) worked out the e:rreletion of
parenteoffspring peirs snd fullsid pairs im gemerstions of
parenteoffspring nating. Bus both these workers delt with
sutosonal genes only. - Korde (1960) worked out the correlatican
between relatives for s sen=linked eharacter under fuil-db
meting by msking use of the gemeration matrix theory. -

‘2!:6 generation matrix nethed is based on the primitive
concepts ef the genotype and the results of Mendelian
segregation. The metnod gives the mating types in an



_ arbitrary gemerstion arisiag frem en aruitrsry pepulstion by
» regular system of lm. If the frequencies of mating
types sre arrenged as s G0lwmA matrix, say, £, and gemerstions
are denoted by subsoripts i psrenthesis, them £(®) . 4 g(®V)
where A 1s the generstion metriz. Hémee it follows that
ge) g gl0)
This showa that the frequencies in the uﬂ‘ gmeration can be
vorked out if one mn,m\mm,g,\ as well as the initiad
veetor £{0), By this method the Joint distrivution of peirs
of relatives at any lancﬁm of a apecified systes. of
mating and thus the correlstios is worked out directly from
the twoeway table ef the nlaﬁvu. kndown as the '_'eorrdgtﬁn
table",

The method of stochastic prucess and its final redustion
to some basic matrices, intreduced by Li and Secks (19%4),
under the nsme 1.7.0. method, pmi‘u the frequencies of ‘
Vgrloun relative pairs and their correlation in a very simple
sanners This method is restricted to e single locus with
two slleles, under randos mating.

The stochastic matrices, I, T end O are matrices of
condiSional probabilities. Frem these threes .asic matrices
the matrix of conditional prebabilities for oilimeal or
unilineal relstives can be worked out, Using them "the
correiation tatle” and the correlation between relatives
csn be easily worked out.



Bventhough Fisher, Heldane and Li derived the generstien
satrix for fullesid mating vith sen-linked genes, it is in
fact Korde snd George whe made use of this gemeration utru
technique in studying the isbreeding systems . George (1974)
condueted a detailed study of pareat-offspring and fullesdd
correlations separately under fullegid apting and parent-
effspring mating systems, both tqr sutosomal es well as
sen-linked gemes. Two methods viz., the 1.T.0 method,
uphytng stochastic matrices, as well es generation matrix
methodolegy, have been studieds The L.T.0 method applicable
%o the single locus with two mlleles 18 extended to multiple
allele case under random metings Purther, he found thet ia
goneial, 'tlnvl.'r.(} method is N0 sopllicavle to indred
populetiens. However, fer sutosomal genes and in the csee
" of perent-offsyring meting system, the joint distrioutiom ef
the parent-offspring relationship oould be expressed in terss
of T sad F (suitedly defined) matricos. In the case of
" sexelinked (anu the 1.T.0 method was feund to e nppitublc
for finding the joint districution end correlation coeffisiemt
fer brother - orother and father«-son rd-t&aa:hin, both fer
fullesid as woll as parent-offepring mating eystem. Further,
e general theory for ebtaining the correlatien between m |
g arent and k offspring es well as the correlation between
peth the parents and k offwpring under s given system of
mating haove deen developed soth fer sutosomal as well as
sevlinked genes.



All Shese suthors confined to the two systems of imbreeding
namely fullesid mating snd parenteeffspring meting, for
autosomal as well as sem=lisked eharacters. Inspite of the
fact that the rate of ineresse in homosygosis is faster in
fullesid mating then in helf«sid mating, fulle-sids are not
aveilable in large mmbers and sometimes may not be aveilabdls
et all., In livestock in which a great mumber of females may
be mated to one sire, half-gid mating is perhe s the most
rapid practiesl method of fixing characters, for the rate of
fineresse in homomygosis is fulirly repid.

Halfegibs sre individuals having one parent in common
and the other parent different. A group of half-sibs ie
therefore the progeny of one individusl mated to a random grouwp
of the other sex end having one offspring by each mate.

, deraneloes of
As the genarstion matrix in the case of half-sibs is

not easily poasible, a detsiled study of the derivation of the
Joint distribution of hzlfesid pairs end the correlations
therefrom has not been condusted s far. Howevar, Li, in his
book entitled 'Population Gensties, (1956)' have estsblished o
gemeral formula to deternine the correlation coeffickent
between different relative pairs sueh as fullesibs, parent
snd offspring, helf-sibs in different generatioms of the
specified mating system, from the corresponding inovreeding

cosfficient. It ia as given belows

e 1@ e (1)
h(1+0)



where

F = inbreeding ceeffisient in the a“ generstion

F'e inbreeding cosffietent in the (=1)'® gemeratien
F* = inbreeding coefficient in the (ne2)%® generation

snd ®m =« oorrelation eseffisient in the a‘h generation.

The inbreeding ceeffisient in the different generations
of half-sib mating cans he odtained using the recurrence
‘\!"olatlu

F e iﬂ#&' . V) - (2)
established by Li, by using path methed. Thus by using the
reletionships (1) and (2), L4 could ebtain the correlationa
coefficients between half-sid pairs (paternal) in differeat
generations of halfesib mating, direetly. As for the mmertissl
values of the correlation cosfficient the method is quite
simple; but it does not give ey information about the asdselute
frequencies of the half-sid sating types and their Joint
- distribution in the 4dif “erent gwmerations of half«sid meting.

An sttempt hes been made by Geerge (1979) to study the
halfeaib and parent-offepring cervelations under the first
three generations of halfe-sib mating, in the sutosomal gene
sess, assuming single loocus with twe slleles. The correlation
tables of half-sid psirs have bDeen davived from first prineiples
while the Joint distribution of perent-offspring peirs are
obtained by the gensragjion setyix teehmique. Further, he
proposed a general theory for obtaining the correlstions
between Ooth the parents end k offepring as well as the



correlations between one of the parent and k offepring, ia
the autosemsl gene casss The corresponding results in the
sex~linked gene case have Ot besn delt with,

In this thesis, sn attempt is made to extend the results
obtained by George (1979) to the fourth generstiom of halfe
sib meting end hence gemersiiee the r:sult for the n*h
generation of half-sib mating, An attempt is aleo made 0
extend this theory to the cesse of sen~linked genes, single
locus with tw alleles. The study is divided into two
chapters, viz., Chapter I and Chepter 2, Chapter 1 concerns
with sutosowal genes ~ the study of half-sid correlations,
one parenteone offspring correlatioas, -oth the parents -
several offspring correlations, and one parent - geversl
- offspring correlationms is made under different sections. In
Chapter 2 s 8 study of correlations of the iartoua types of
halfegid pairs and parenteoffepring pairs, assusing sen~linked
| genes,is delt with,



RESULTS



A number of systems of mating Mwm half«sibs may be
deriveds Here we consider only the gimplest system of ome
male mated with an infinite mmber of his half-sisters, whe
are also half-sisters to esch other (Fig.1) /s the generation
satrix for half-sib mating system is mot evailsble, the joint
distrivutions between half=sib peirs are derived directly from
the first principles. - |

HALE-SIB 1 HALF-SIf 2
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The joint distributien ef half-sid pairs under random
sating can be evtained as fellows. Censider s single locus
with two alleles A-a vith prepertion p and q respectively.
Here the constitution of the male san be AA, As Or sa. Let
the male De AA. FNow the preportion of the half-sib pairs
can be sbtained sonsidering the mating between a male to his
half-siaters, who are also half-sistersto one another as

A (p2AA + 2pqha + afsa) = PAA + qAs
Let the male be As, the: the prepertion ef the half-sibs esn
be edtained as

s (p2An ¢« 2pqhn o qfas) = 2 PAA ¢ BAs ¢ dque
Again, let the male be aa, then the preportion of hnrodk
cen be obtained as

u(pau-faqu*l’ll)-lh«.gu |
conbining all these three cases we get the table of proportion
of halfesibe for the different constitutions of the male as
given in table 1.1

m. Te% |
Halfeaibs
AA A aa
“ B
(»®) p q 0
Males Aa
(2q) ¥ t 3B 8q
ak
@ o ’ - q
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Now considering sl the Beif-sib pairs under essh nsle we
get the following tedle %44

Henee the joint distrilutieon ¢f half-sid pairs under rendes
mating can be odtained by peoling the eorrespeading peirs by
weighting vith p3, 2pq snd o swceording as the male 1s AA, As

and an respectively, as showm in Salle 1.3

Telle 1.3
Correlation tadle of half-gib pairs under random meting.
Halfeudd 1
7y A O T
M iP(1ee) el b o!
Nalf-aid 24a do¥q(1+20)  doaltedpe)  ipe®(1e29) 294

s it m’(hﬂ ¥O(1+q) ¢

Total P2 o Qd 1

e -
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The correlation esuffisient batween helf-sibs under
rendon mating cen be sitained directly from the table dy
using the product monent sorrelation coeffisieat formule as

n&?% ®» § = 0.8 one  (1e1)

he Jeint distribution of half-sib pairs under She first$
generation of half-sid meting eam be obteined directly Wy
considering different lines as folleowa: There ars three
1ines in this gase. They sre line (1) corresponding to
the male AA with propertion p¥ snd with the genotyple arrey
of helfesibs PpAA + q Asj lime (11) corresponding to the
male As with proportion 2pq end with the gemotypic arrey of
the halfeeibs ip AA + #As ¢ iq a2 end line (111) correspomdisg
%o the male sa vith the propertien g and with the gemotypie
array of niu»un pAa ¢+ qase The procedure consiasts of
finding a twoeway tadble of the frequencies of half-ald pairs
corresponding to each 1ine end Shen pooling these tadles %o
get the Joint distribusion of half-aid paeirs by weighting
thes with respect to the prepertion ef the different lines.
In the firat generation of helfesid mating, the tweway Sable
of halfesid pairs correspondismg th the line (1) is obtsined

as given in tadle (1.4)
‘ ' m. 1eb

- M A e - Tetal
M g (i em) § a19)(102) Jgedi1ep) Hre?)
As | iq (149)(1+29) $q(1epq) i.t’ de(tep)

o ..hnzhw) | }q‘- | +** $d

AU SR ID DA

L
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Similerly the twosway Sable of halfesid pairs eorresponding
to 1ine (11) and 1lime (m)m bs ebtained as given in table
1% and table 1.6 respsetivaly.

. Table 1.5 |
oM T s Total
M d(1eaD (1) g (1) (1o Tig(1e)(1920) FFerem)
fa _(1e2)1wvma)  glomo -};tmn;(m*w i
w R g rRieny TR 1340 (102
fende 1.6

T As e e
P o) PUID(1020  inlren)
“ gpitve i«s@(uz’dk(aoq)‘(uw H1eQ®

W D AR abul e

Now, pooling these three tweeway tables corregponding to the
lines (1), snd (11) end (111) by weighting vith p2, 2pq end of
respectively, we get the 'Jolat dletribution of halfe-gid pairs under
the first generation of half-sid mating, as given in table 1,7
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Half-$6 2

Zakike 1.7
Correlation table of halfesib pairs under the first generation of
| halfesib mating.
w-lil |

u: - ! e hw __.;;,-,. ., hm‘-—n
a gE(11190360%167) taa(1oomte®)  dpe(eiben)  ga(rem)
As 1*:;(149»0'03)‘ duq(snhq) .dm(wsqﬂqz) Pﬂ
as ‘lgq()ﬂ“ﬂ) .&1‘("%’) _&|(1M1q.0v36q30'16q,)‘ *'1(10711

Total  Ip(1+7p) | P Ja1e70) 1

The correlation coefficient Detween halfesid pairs ean be edbteined
directly frem this 'oemhthn table as
) - 0w — (1.2)

In the same mgnner the joint distribution of halfesid pairs
mthr the second generation of balf-sid mating csn be evtained.
Here there are seven lines we have to tonsider. Theu seven lines

 have come from the three iines of the previous generation, two
from the firat, three from the seeond end two from the thirds By
pooling all the two-way tables obtained from these lines by
weighting properly we can get the finsl sorrelation table for the
helf-sid paira in the second generation of half-eid mating as
given in table 1.8 |



Zabls 1.8
Correlation table of half-sid pairs under the second generation of half-gib mating
Half-sid 1

AA Aa ' ;e hl.l

o e M AU g — -

B,kp(‘ﬁ’”iwﬁﬁo’zﬂﬂv’ 02*943) h(amsﬁmm’) ﬁ“l*‘lm *(7’&)

MIAD 2 pan(59e256ev1209) 35190 geineasinnan’)  gee
61e12pq) 994256541 2) 830313q0900¢% _1g(7+250)
= ﬁz"‘ BeIBC) (g 2 ﬂ"

- e geme

o

The correlation coefficient between the helf«sid peirs under the sscond gemeration of
half-sid mating can be obtained direotly from the correlatioan table as

(2 = 0.9 — (1.3)
.S .

st
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In the seme manner the correlation talle of half-sid
p Ars under the third generation of halfesib asating can bde
constructed by md«ﬁu?mugm lines, obtained from
the seven lines of the previous generation. Cut of these
seventeen lines, two lines have come from the first line,
three from the sesond, two Lfros the third, three from the
fourth, two from the f£ifth, three from the sixth, sad twe
fron the seventh line of the previous generation., Sy pooling
the Swoeway tables corresponding two each of the seventeen
1ines after properly weighting, the sorrelation table for the
halfesih peirs under the third gemeration of half-sib mating
can bs obtained as given in tadle 1.9,

The correlation coefficient of halfesid pairs under the
third gensration of half«sid meting can be directly obtained
from thisg correlation table as

w3 o 0.9 o (104)
S



Table 1.

Correlation table of half-sib pairs under the third generation of half+sib mating
Half-gib 1

- D D G D S G —— G W W G D IS D S GUR A TR UMD e A D SN b AT G SR G SR VD G G S G T GUS G e S N G S M it VD P T A VS MIS G G D G G R L S S Y G - T S - T G G G -, - — G W S Y - T - . —— T . G - -

2 3
AA 1_p(1461+7275p+6624p “+1024p°~)
16385

Half-sib2 Aa _1_ pq(1251+3312p+1024p2)
| 8192

aa 1 pq(1029+1024pq)
16384

. S CAD G D A S G S G D W e T S GHD CED S T G S G S G D G G YRS W N G M W S GEL S GED W GEb T D GAp TOS N e S NES D M D NN VD N G G G G D I D GRS AR e S S A SED S WD GER D gp e S WD SUS SIS G SUe VN WIS . e SN G G D M G G WS e U S .

_1 p(39+59p)
128

1 pq(1251+3312p+1024p
8192 ‘ |

__1_pa(4554+2048pq)
8192

1 pa(1251+3312g+1024qg
5192 .

1__pq(1029+1024pq)
6384

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

2
1 q(1461+7 275q+66 24q“+
18385 5
1024q7)

128
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in a similar menner, the correlation table for half-sib
pairs under the fourth generation of half-sib mating can be
obtained by considering the fourtyone lines obtained from the
seventeen lines of the previous generation. Out of these
fourty one lines, two lines have come from the first line of
the previous generation, three -lines have come from the second,
two lines from the third, three lines from the fourth, two
lines each from the fifth and sixth, three lines from the
seventh, two lines from the eight, three lines from the ninth,
two lines from the tenth, three lines from the eleventh, two
lines each from the twelfth and thirteenth, three lines from
the fourteenth, two lines from the fifteenth, fhree lines from
the sizteenth and two lines from the seventeenth line of the
previous generation. Corresponding to each of these fourty
one lines, a two-way table of frequencies of the half-sib
pairs can be obtained. Then the correlation table of half-
sib pairs under the fourth generation of half-sib mating can
be obtained by pooling these tﬁo-way tables after weighting
them with appropriate weights. The joint distribution of
half-sib pairs in the fourth generation of half-sib mating
is as given in table 1.10. The\correlation coefficient of
half-sib pairs under the fourth generation of half-sib mating

can be directly obtained from this correlation table as

r(h) = 0.650 -—- (1.5)
H.S



Iable 1,30

Correlation table of half-sibd pairs under the fourth gemeration of half-sid matiag
m-nh 1

i — L ——y o —— S - — — e

ey

L

AA As — .a

g _p(37989+134427p+81536p2+8192p°) W«(mammm‘) gm.‘n(awnm)

N, Lol 22971+407609+8192p%) 1 __pq(67402+16384pq) prlpygt( 2T 1esaTS0ee
% : 1% 131072 )
| u Wﬁhmw W«W1Wﬁh)ﬁ?’~ﬂ”&

Total | _,‘,)(19503‘”) | | mﬂ | .,bﬂ(‘l,"’!ﬂq)

- g s RGP - . —— L

i

1

6T
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Proceeding similerly the correlation coefficients of
hult-itb pairs under the L£ifeh, sixth, etc generations of
helfesib meting can e worked out directly from the
correlation tables, by nnm additive genetic eficots
and using the product-noment cerrelatioa coefficimt |
forsula. The correlstion coefficient of helf-sid pairs
under the first ten gmraubns of halfesid Dating is
given in table 1,16 end thiscoorrelations ere exhibited
arephicslly in £1g.2 by curve 2

It is apparent from the figure thet, as the number
of generation increases, the correlation between half-
sib pairs aleo increases.



The jeint distridutien of parent and offspring in the
a'® generation of helf-sld meting vith single losus with
tvo slleles A and a vith prepertiens 'p' and 'q' (= 1-p)
oan be ebteined by pairing ocue of the parents with an
offspring odtained from the respective mating, oﬁt of the
nine types of half=gid matings, vis., AA X AA, AA X Aa,
AA X agy, As X AA, Aa X As, As X asy &8 X AA, sa X As, end
6a X aas Here we consider the mating between a fixed sire
and his daughter, grend-dsughter, etc. The generation
Batrix in this esse has been obtained by George (3) as

oo Goven
1 4 o o o 0. 0o o o
o ¢+ 1 0 o0 o o o oi
©o 0 0o ©0 0 0 o0 0 0 §
o o o % % o o o ol
B © 0 o I B 0 o 0
-~ o o o o0 % % o0 o o}
©o 0 0 o0 o0 o0 o0 o. o'
©o 0 0 o0 o0 o0 1 4 o
© 0 0 o0 0 o o & 1

Thus the jeint distribution of parent-effspring pairs under
the at® generatian of half«gib mating csn be odtained ast

E(ﬂ) - 2} g(.) eee  (1e7)

(1.6)
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vhere

_2_(') 1s the column vester of frequencies of parent-offspring
pairs in the n“ pnihﬁn of halfesid mating tud_t_!_(.) is
the column veotor of frequencies ¢of halfesibd mating types im
the n'® generation of half-sid mating, as slresdy ootained in
section 1.1.

Thus, 9_(1), the column vestor of frequencies of half-sid

 peirs obteined after random meting (i.e., half-sib mating

types in the first generation of half-sib mating) is as given
below:

9(149)
io2q(te2p)
nde?
tp2q(1+29)
v o tvq(1+4pq) | (1.8)
toa’(1020)
hzqz
#pq?(1+29)
#°(1+9)

Then 3_(') the eolmi vector of frequemcies of parent-offspring
pairs in thc*l" gmerstion of halfesid mating cen be obtained as

AN N A
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mm@"..
i(1em)
P
o |
in( 1+6p)
pq
- P a(1+6q) (1+9)
)
pq?

L $a%(1+3q)

_z_(ﬂ

Hente the joint distribution of peremS-offspring pairs in the
first generation of halfesid mating can be obtained as given

in the teble (1.11)
' Table 1.1

Correlation table of parent-offspring pairs in the first
generation of halfesid mating.

o Offspring B
o M A P Total
A d2(1e3p) TR 0 p?
Parent  As ipq(hm Pq i"“"" 2q
‘s O o $q%(1+3q) o
ma Ptmp) Pq ”iq(un) ‘1 _
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The correlstion sveffieimnt between the parent and «ffspring
_in the first generation of helf-sid mating can be cbtained from
the above tadle sasuming .‘dﬁn geniec effeet and secoring

Ay Any 8s 88 2, 1, O respectively, as |

(VN a0  aeme (1010
ﬂusf?'o e ( )

 The column vector of frequensies of half-sid mating types
in the second generstion of half-gid mating is

éﬁv(m 1p+36p3+16p%) am‘

1’?““""’” a

d_.n(mm)
*NUM')

a(9+16pq)
o2 S

3
= TP‘“”""" i
|

(1.149)

‘lrvq( 3+16pq)
.‘J‘.vq(wm‘) |
&.n(hﬂ«!iq‘*ﬁq’)

Hence z(” - B u‘” and the correlation tsble of parent-offspring
pairs in the second generstioa of halfegibd mating can be fermed
from Z(a) as, Table (1.12)
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Correlation table of paremd~offspring pairs in ths second
generation of half-gid mating

Offspring
Ay - o B “ : . h --«--o-;:o-o-o-: - r.m;-
: .
A kv(:omom) kn(’d‘l') 0 pirem
Parent Aa an(ﬂﬂha) in hhq(ﬂdhq) | %n
aa 0 &‘n(!'b‘wl) &q(.%ﬂq*%q') it(h‘h)
Total | h""*ﬂv) 2 | !l_q(?’qu) 1

Hence the correlation coefficient between parent-offspring
pairs in the second generation of helf-sidb mating can be direetly
ootained from the above table as,

2 = 0.6672 wee (1612)
.8 P.O

The colusn vector of frequensies of half-sib mating types
in the third generation of half-sid mating is
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(3
v g1 B0 (1013)
.‘.a.xm(ﬂﬂan)

ghP (0023601 28¢%)
%sq(as‘mq.xoqwomﬁ

i
f
|
i
4

L

So the column vector of the joint distridution of parenteoffspring
pairs in the third generation of halfe-sid mating cen be obtalned

as, -
EAL N T
and the corresponding correlation table is as given in table (1+13),
The correlation coeffietent, n.c" ”?.o » Of parent-effspring
pairs in the third generstion of half-sid mating can bDe obtained
from this table as,

3 o 0738 - (1.14)
HeS PoO
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Correlation table of parent-offspring pairs in the third
generation of half-sib meting

Ofgsoring
T e e s o
M L al1367per0?) L pal15estp) 0 (7o)
fovevt Aa &:«(1»2») | ﬁ_n .hn(waq) ?q |
“ o TP 19480 quumvwaq’) Jei7en

Total 1*)( 39+89p) ?ﬁ | *4(39*096 1

RN USp—— - DS S a0 2 SIS DS . DAL SR AP u-a

The ecolumn vector of frequencies of half-31b meting types
An the fourth generation of half-sid mating ias,



28

' 2 3 T
%’0(1“19’?”““2" *1024p°%)

“.huhwosmwab')

w*nhoaﬂaan)

ﬂhnhzwmaom')

L St
ﬂh.qhm»”i 2¢01024¢)

_“;.""- (1.19)

S NENEL NN

“hpq( 1029+1024pq)
_ﬂ“pq( 1291+3312¢41020¢0)
W(usmﬂwm'nom’)

-

Henoe 2¢%) o 3 u(® |

and the »miuu table of parent-effgpring pairs in the
fourth generation of halfesid mating ¢an be formed from
3_“) as given in table (1.14)
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Iadle 1.14
Correlation table of pareat-offspring pairs in the fourth gemerstion of half-slid mating.

Offepring — -
~ AA As_ . as — ?ﬂmi -
AA Ell"”’" 167p+542p2) Mq( 285+542p) 0 Ty(ﬂ’m)
Parent Aa Eh_pq(“ﬁ%) ﬁq ﬁpq(umsﬁw a pq
- 0 S ER20 ol 339+ 1187qe502¢Y) gt
Tetad ﬂ.,p(ﬂ!*)"‘h) biri g ﬂ!g(wmd '

Hence the correlation coefficient between parent-offspring peirs in the fourth generation
of half-sid mating ecen be directly obtained from the =zuove table as,

(&) . 0.7697 e (1.16)
H. S8 P.O

€S
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The columa veotor of frequencies of half-sib mating types
in the £ifth generation of half-sid meting is,

M(MM%{!S&%&&’)
Wq(m1m'ooi9~’)
M«sm»u

(s _ M«mmw’) (1447)

|e2

unm»um
.ﬂ_‘mpq( W1¢W19242)

qu( 19909+8192pq)
Tﬂ!ﬂ"‘ 22971440768¢+8192q%)

SENMBIEOIRE SDS M SERIDE vt MDAy VIBIDAEN Sl
S g 20N MDPIDREN SEPGEFS NN MY JEDOUDE DU ST SU D OIS

- - 37989+134A27+81536q2+81929%)

L

S

Hence the colusn vector of frequensies of parenteoffspring
pairs !._a'tho £ifth generation of half-sid mating can be
obtained o

' . E(’) s B !( S)

e~

and the correspending correlatien Sable can ue formed fros
E(’) as table 1,19



Zable 1213
- Correletion table of psrent-offspring pairs in the fifth generstion of helfesid mating.

Of fapring
" R T T T e
AR M(‘l”’“‘?ﬂp‘ﬂmz) Mq(u‘t:'mfs}or) 0 ﬂ{h”éfh)
Carent Aa M«ms«ssop) g_gn a*;z"(m"”_”“) W |
an ] | h;&qﬂﬁ%‘ﬂ”ﬂ) 'hﬁ(mm M””md

Total - #(wnm) W ﬁq(ms‘onaq) | 1‘

- ' - : . - SR " —a

The correlstion uufﬂchﬁt, “r?)' o s 0of parent-oifspring pairs in the nttimnngn
. . ,

of half-gib mating can be obtained directly frosm the correlation table as,

3 - 0.8054 —— (1.18)
H.S  P.O

e
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In a sisiler manner, the joint distribusion ead the
correlation coefficient for parent and offepring to’_r the
alxth, seventh, otc. generations of half-sid mating can
be worked out. .The correlasion ooefficients between parent
and offspring in the first ten generatiens ef half«sid
mating are given in the tailde (1.16). <7hese correlations
are also shown graphically im Fige? by curve 1. From the
figure it is clear that as the mmber of generstion
increases, the parent offwﬂu correlation also increases.
While comparing with the helf-sid correlation coefficients,
it is found that the parent-offsprimg correlation is of
higher order than the half-sid ﬁrm:tlon. |



Table 1516
Correlations of half-sib pairs and parent-offspring -airs im the first ten gemeratioms of
half-sid mating system.

E -

*o.mmzm o 1 2 3 & 5 6 7 s S 10

-

Half-sib correlation

e ,(n%‘ . 0.250 0.309 0,500 0.58k 0.650 O0.703 0746 0,782 0.811 0.336 0,898
Parent-offapring
m:nu&)n 0900 0.989 0.667 0.725 0.770 0.805 0.83h 0.858 0.878 0.804 0.908
s ¥ P.0

- ALY T N, - . -

Notes o“‘ generation stends for randol mating.

€L



——1.00

]
0.90 __|
0.80 __|
0.
2 70
o
'—
<
|
b
o
F 060
o
v
o.50 __|
1 _ PARENT __OFFSPRING CORRELATION.
2_ HALF-SIBCORRELATION.
040 __|
0.25 2 . .
1 | [ | 1 | ] | | 3 |
o 1 2 3 4 5 6 7 8 9 10
1 : GENERATION __ H;

LIS .
FIG: 2. HALF_SIB CORRELATIONS AND PARENT - OFFSPRING CORRELATIONS IN THE
AUTOSOMAL GENE CASE,UNDER HALF.SiB MATING SYSTEM




34

In quantitative genetie studies, the correlation
between one given reletive and & mmber of individuals of

the other relative ias used for predisting the breeding
value of the given nhﬂv-. For instance, the correlation
between ane parent and seversl of its offsprings provides
with the accursoy in predicting the breeding value of the
parent with the help of its offspring. It is a major
determingnt in increasing the response to ulqcuou. The
behavio.r of such correlstions, especially in inbred
populations is not fully knowns In this chepter, the
correlationa between one parent and several of its offspring,
as well as, both the parents and several of its offspring
have been worxed out in the lines of George and Narsin (4),
for tha first ten generations of half-sib mating.
Jheoreticsl Procedurs

The theoretical procedurs fer finding the correlstions
between both the parents end K offspring and tha correlatioa
between one parent and K offapring are exectly ssme as that
of the sutosomal gene case for paremt~offapring mating snd
full-sid mating explained by Geerge 2nd Narain (4).

Consider a single locus with two slleles A-a, so thet
-with additive genetic affect we score the values of the
genotypes AA, As, ae as 2,1,0 respectively. ~ Again consider
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that there ere K offspring produced from the matings of
thegse genotypes. The ssores of these resul ting offspring
is then obtained by adding the scores of the individugl
o’faprings It is then obvieus that the maximua score far
K effspring is &K, whea .u mmnm are of the type
A\ Similarly the minimus seore of ten offspring will be
'0t, when all the offspring are of the type aae 50 far as
tha scores of parents sre Gomcerned, we have tw: distinot
cases. In ene we conalder that the sum of scores ef two
parents which will range mlﬁ ond & and in the second

case we consider only the score of one parent, ranging
between O and 2, |

Let the fregueney of thi nine sating types, vize, AA X AA,

AA X Aay, AA X say, Aa X AA, hxn. As X se, uxM. a8 X Aa,
e xan hc u(‘) u&, (‘) g))' ’ a(‘) . ('gz .

(‘) uoo ronocﬂnly in t!n .ﬁ generation ot thn given
-yotq of meting. In erder to determine the probavilities of
K effspring in essh of thess mating types we have to obtain
the conditional probabilities of K offspring, :iven the
perticular typo of meting between two d-u.ar or tw dissiailer
homozygotes, vis., AA X AA, aa X a8y AA X ae; shl the resulting
offepring will de of uniform types with probedility unity.
In the case of mating between s homomygote and heterosygote
Viey AA X Aa Or as X Aa, the resulting offspring consists ef
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homosygotes and heterosygetes in the ratie 111, The
probability gcmrnmu funetion of the m of the scores,
o( 34ong- o« B, will be (& (198))  , simtlarly 1n

the cese of aating betwesn two heteroxygotes, the prodadility
generating function of & vill be [t(h:)]

)
Let P:’y represent the Jeint probadility of the sum

of scores ef both the parents, as N, md score ef offspring,

sy, vhere 0 < 2 < & end 0 <y < Z&. It then fellows,
w
P{)" - u(gg i£9=0

« 0 12 12y < X
Q) ~

(n) . (n) K x

P,.' Ugqy +u 01) y). (_i) 1 0<y <k

= 0 ’_ AL ko1 <y = a
w (n) X k ‘ -
Pyy ® ) (%) 202y < ket

= Pl P (F) W* 12y-x

- us?) a) O 12 Rke1 <y = &
w
(n) (n) k k
o = Ugyy * Uy, (a,’) € )) itk <y = &
Pagy = O . £ 0<y =< et
- ﬂg_,g) ity =« X

These probedilities g;ve the biveriate freguensy table
for ebtaining the correlation beSween x and y as given in
t‘m (1017’0



Table 1.17

Bivariate table for the sbsolute probebilities of the seores of both the parents and k offapring

— )} " Score of the offspring o
..'." 0 1T eee | " P, ' -1 ) . 3 : :m
& o O see D eee O eve .u ‘zz
3 0 0 ... ()% (uggragp) - DG (ugyomyg) ()%(ugyomgg) ugyouyy
: . I - 3 . & ‘ 3y SR
2 (D, B @) g oee OF (@yuyy oo DT (& N uyy (DT vae"8ee*Be
X x x "
1 (D (ugmg,) (D) (g) (ugo iy () (:>(u,°n°,)u. . o o | gt
0 w, o ° . 0 0 Yo
Total 1

LE
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The cerrelation ceefficient betwesn both the parents
end k offsoring cen be caloulated using the produst moment
fermula for correlstion esefficient by caloulating = fx, =fx%,
S Ly, Sjyz and > fxy frem this teble as,

SIx - “"u”“n’“aq”‘i:"‘n“ie’“oa"m coo (1.19)
2 "‘“az"‘m’““»"‘u""ﬂ“io"‘“oz’“o1 (1.20)
Styek C“u’f‘a“‘a’hz"'ﬂ“‘w"oz’*"m) oes (1.21)

=5 “"2“22"‘3!4’“:1"‘"&“‘_’?”'1 2K 2Dy
k(5p1)ugq ok ey g B (K2 vy, (1.22)

Stuye & (Bugy *Gigr*Bgn gt yy Myt Dozt -+ (1.23)

From these the verisnce of x, varisnse of y and the oovarisnece

of x and y can bw worked out, end thus the correlation coefficieat
between the mnuxndyu“mpamtpmdkotnpm
oan be obtained as, |

"g) = swinn (1.2%)
v(x)wr(y)
The column vectors of frequenties eof nine mating types

in the rirst, second, third eto, generations of helf-sib mating
have already been derived fros first orineiples, under
section (1.1) Now the bivariate table of absolute probabilities
of the scores of voth the parents and k offapring under the first
generation of helf-sid mating can be obtained by subatitusing
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!lujji“) values from (1.8) in tsdle (1.18). Hense the values
of > ¢x, th? =2y, ZI!!‘; S.fxy and the correlation
_oootﬂcunt betveen the soeres of both the parentsa and k
offspring, n‘r(;)P O(a.h). ia the first gensration of half-

.

sib mating can be worked out using th; formulae given in
(1019). (1.”)0 (’021). (“twg (102’) and (1.24) respectively,

ms. n f‘1) | (2 k) - | ‘ se (1.25)
HS P.O R.

Similarly, by repeating tht above process we can obtain
n.s’(:zo(zvk) for ne 2, 3, & et by substituting the vestors

uld, 3] yl®) o0, given tn (1011), (1.13), (1.13)
respectively in the fermulae (1+19), (1.20), (1.21),(1.22),
(1.25), and (1e24).

The correlation coefficient between both the parents

and k offepring in the first ten generstiens e half-sid
nating is ziven im tablo (1.18).
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Correlstion between both the parents snd k offspring in the first
ten generstions of half-sid mating.

Gesersticn ) 0 1 szA ‘ 3‘1 5

i S SR S Sy AT
(n) o

K s¥ P, ol 20K)

Notes O gemeration stands for rsndoa mating.
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It is intSeresting to not: that the correlatien
coefficients are of the form —~tl.. where, s isa
/ 1e {
fraction changing with n, in the form of the follewing
series

e ;, iﬁ’ ﬁ,. ;Q. %.u..

By giving different values to &k from 1 to 10, the correletion
coefficients betveen Loth the parents and k offspring have
ocesn worked out as given in table (1.19). These correlatiens
sre graphicslly exnibited in figure 3, which gives the trend
of the correletion vhen the mumber of offspring varies fer

e particuler generation. The figure indicates that the
oorrelation incregass very rapidly for smaller values of

ky 4e., vhen k = 1 to &, snd for furtrer values of k,

the increase in correletion is very msgligivle. Further,
there is no signifieent increase in eorreletion bdeyond the
78 generation of half-sid mating, for all velues of R.



Zakle 1,19
Correlstions botween both the parents snd k offapring wvhen k = 1 to 10, for the first 40

generations of half-sib nating.

i 1 2 3 s s 6 7 s 9 1
0 0707 0.817 0.866 0.8k 0,913 0.926 0.955 0.946 0,949 0.933
1 0745 D845  0.B889 0.913 0,928 0.939 0.947 0.953 0.9%6 0.962

2 0s801 0.884 04918 0.937 0.948 0.956 0.962 0.967 0.970 0.973
3 00837 0.908 0.936 0.951 0.960 0.966 0.971 O0.97h 0.S77 0.979
4 0865 0.925 0.948 0,960 0.9678 0,973 0.977 0.980 0.982 0.904
s 0e887 0.938 0.9%8 0.968 0.964 0.978 0.981 0.983 0.985 0.987
6 00904 0.948 0.965 0.973 0,978 0.962 0.984 0.986 0.9%8  0.989
7 0.918  0.957 0.970 0.978 0.982 0.985 0.987 é‘w 0.990  0.99%
8 06930 0,963 0.975 0.981 0,985 0.987 0.989 0,990 0.991 0.992
9 50939 04968 0.979 0.985 0,987 0.989 0.991 0.992 0.993 0.995
10 0.047 0.973 0,982 0.986 0.989 04991 04992 04993 0.994  0.994

Note: O™ generation stends for random mating.

td 4
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In erder to work out the correlation between one af the
parents and k offspring fer whieh this parent is ecmmon, we have
$0 pool the buhbutttu for three types of wating involving a
comnon parent. Let P(g represent the joint distribution of
the seore of one perent as x snd score of offepring as y, where
0<x<2 and0 £ y< 3. 1t then follows,

Poyy = WE) (% @ it y « 0
© ()R e 1 1<y < ket
- (i)" CHE “t():) If yak
- I kel<y &« =&
Py ° (ﬁ)‘”a HE (3) iy u 0O<y = kot
« (WD oD WA D aey ex
- (@™ oy o >m“ W8 ity m
Pay * O 1£0<y < k-1
- n%:%(i)km('g u yeok
- (:.’)u“g (1)* 12 K1 < y < et
- ‘(i)ku(ngﬂ(;; ity-a_

These peobabilities give the bivariate frequency tadle for
obtaining the correletions betveen x end ¥ as given in tadle (1,20).



Bivariate table for the sbesolute probabilities of the scores of one of the parents and k offepring

- Score of the ;ffl::sﬂl‘ - T

o | 1 v k -1 ' & | Total

. X, Ak /R \u,. * | ,y 2K & ,

1 (i)‘u,,o(&)‘«,o @ (ayagy + 0 (5)"n O (x oy OT g g,
X, . — ’ R .v
| (0 (%)%40=* (* u g (2) (x )n,,» )" u,,
° (i)_tua% | (%) (})"M e (*’.‘oa"vof'f ° ‘ ° "1
Tetal | o | 1

2%
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The correlation coefficients between one of the parents
snd k offepring can be csloulsted in the ssme way as in
asstion 1.31 by salculating Sfx, Sfx2, sfy, sfy? and sfxy
from this table as,

2fx o Hugyoupytugy) ¢ Uggigg Ny (1.26)
stx? o h(uu'm”m”) g TP0 PP L P (1.27)
My - ’“‘n?%“"m?“u"‘ﬁs}%o
“orfor (1.28)

sty? - M ' w.(qg) “n"&m"(%ﬂ"u
| *wﬁi R T R L ‘ﬁ*-'_”
.ztny - Hmuivmntm’;vf‘fn"*ih,‘, (1.30) |

| rmtm-omvaumootx“vm“drﬂm
mm.mmmx-uymuunm«t.mmu
eornuummthomu-uauyumpmu
k offspring case can bcomuy

"53’ = SV (Nax) C (1e39)
v(x)xvly) ’
| Now the correlation esetfietentyrd mu.n. betvem
motmnmnmdkottmhmu gemerstion of
Ralf-sib meting esn De edtained by substituting the U(®)
values (slresdy obtsined in sestien 1.1) ia table (1.21).
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The values of = fx, ztx’. =2xy, zty‘ and SEfxy are found

out in sach gmerstien by using the equatiens (1.26), (1.27),
(1.28), (1.29) and (1.30) respestively and correlation
esefficient is caloulsted using the formula (1.31).

The correlation esefficient between one of the parents
and k offspring worked ous in this way, for the first five
ten generations of helf-sib mating are given in Sable (1.21)

It may be noted thnt tae 'oorr-hﬂonn vhen R = 1, for
mnuut' generations are exastly the ssuc as that of ome
parent one offapring nirchﬂm under half-sid sating already
obtained in seotion (1).2) | ?m. She correlation csefficiemt

in different generations are of the form e,

S e { )
wvhere b and ¢ are fractions changing with 'n' in the form
of the following series.

A M -
SETE B TR

' Giving different values t» k. from 1 %o 10, the correlastion
coefficients between one of the parents and offspring have
been worked out as given in table (1.22). ihese correlations
are exhibited graphieally im Figure & Here also, as in
‘the previous case, the correlation inoreases as on, the
aumber of generations and k, the mmber of offepring,
inereases. |
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Iakke 1,21

Correlation between one parent and k offspring in the first tea
Senerations of half«sld mating.

. 0 40 > - e "
Ceneration , '
(n) o ] 2 3
i o e o - - o A WO A 3 R S B g

soafficlient
(n) /&(14k) Jatm) /36x(1002%  /356m(509117K)
Hos"P,0( 1o %)
B S N s
/ 2020%( 634+ 2333k ) V' 11068k( azxﬂoma »

:...o.qnnn - 7 PSP RN u_--“ "
“M M
/#9432 (B0420 4317 3R) /204B60KR( 206420182007K)

- —— - wmerare WU Wpr—

S L 10
| /Bah556K(102010+764909K)  /3467676k( 363314+ 3104009K)

" Notes 0“ generation stands for rendom mating.



Zable 3,22

éormdtm: between one parent and k offepring whan k = 1 o 10, for the first ten genarations

of half-sib mating.

Generstion | Susber of oifepring (k) o

f,’_'_‘ 1 2 3k s 7 s m_l 9
° 0eIP0 0577 0.612 0.652 O0.6h6 00655 00661 0.667 0.671  0.67h
1 04589 0,668 0.702 04722 0.736 C.743 0,749 0.754 0.798  0.760
2 0.667 0.736 0.765 0.780 0.790 0797 0.802 0.806 0,809  0.81%
3 0725 0.786 0810 04825 0831 0,837 0841 0.884 0.886 0O.8048
& 0,770  0.833 0.84h 0.835 0.86t 0,866 0.869 0.872 0.876 ~ 0.87%
s 0.005 0.652 0.570 0.879 0.083 0.888 0,891 0.893 0.895  0.096
. 0.836 0.881 0.890 0.098 0.903. 0.906 0.908 0.910 0.912 0,913
7 0.858 0.894 0.907- ¢ 0.913 0,917 0.921 0922 0.93% 0.925 0,926
s 0878 0.900 0.920 0.926 0,929 0532 0.936 04935 0.936  0.937
9 0.894 04921 0.531 0.936 0.9% 0.941 0.943 0.94h 0.945  G.945
1 0,908 0,932 0.941 0.945 O0.948 0.949 0.951 0.952 0.952 0,953
Notes O'F gemeration stands for rendom mating. | |

8b
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For sutossmsl genes the correlatiens of the differea$
parent-of fepring pairs are the ssme all being helf and the
correletions of different half-sid peirs alse, are the sace, .
all being one tourih. For seaslinked genes, howewer, the
ssayxmetrieal shromoscmal complement of males and females
makes it nesessary to diatinguish the sexes of the relatives.
Thus, 1n the sex-linked gene esse, there sre thres kinds of
halfesid pairs, vis., brotheresister, brother-brether and.
sister-aister. Likewige Shere are four kinds of parent-
offepring pairs viz., sotheredsughter, mother-son fether-
deughter snd fether-son. The eerrelations of the differems
half-sid pairs snd those of different pmnt-atoﬁ-u pairs
are considered here seperately.

mmmwmmmm. the generation
matrix for half-gib pairs eannet de casily ebtained. 30 the
ummmmmammmuumunqmm
to the cases of sex-linked genes with slight modifications
charasteristic of ¢ senclinked eharaster.

Sexelinked genes sre those 1lecated on sen-chromosomes.
Ya shall consider the case of a single locus with two alleles,

sayy A and 2. uttmmuotm(m As or aa) be



o0

females end the hetregmetis type (A or o) be malas. HNow,
there will be six mating Sypes, vis: AA X A, AAR g, As X A,
A X 0y 00 X2 A ond g2 X & thantneunutypuot
meting with sppropriate frequensies are listed. The provadilities
of the variocus comdinations are grouped together. Obvioualy,
there is no correlaticn between fother and eon in the case ef
e sex~linked eharsoter, since the son receives his father's
J-ghronossne. The correlation for mether-dsughter pair ia
the seme as that of parent-offepriang pair in the case of
sutossmsl genes exoept for e shift by cme generation. The -
two urmdudns Yeor nWor pair snd mother-gen pair
are the sane, '

Ve shall be dealing with the cerreletions of different
types of half-sid pairs seperstely,

The Joint distribution of byether-sister pairs under
random mating oen be obtained as fellews. Consider a single
locus with two alleles A and a with proportions p and g
respectively. Then it may be verified that the populstiea

| /A @ "AA As '’y
| | - 1s
\P 4 o 3¢ & |
in equilibrium under pammixis. Thus in @ random msting

population the constitution of the male can be A or s Let
this male be A, Now the proportien ef the half-sibs edtained



sfter randos mating can e ebtained by considering the mating
between A (p) and sash of the females AA (p?), As (20Q) ane
ss (¢¥) 10 the populatiem, s

A -(v‘_uoﬁnu*q’u) = IpALosdqracripAreiqae
Now let the male be a, then She proportion of half-sibe
corresponding to the male ¢ eatt be 6btained as,

o (0 Ar s 29q 2 s qtea) = dp An e B ua s dp Avdaa
combining the above two cases, we get the table of the
proportions of half-sibs for the l.dufcmt sonstituations of
the male as given in tabtle (2.1).

wvli“‘
A As [ A a
A W 0 b ke

Malas @ 0 S T L bp #q

A QDU ) AR SR

Nev eonsidering sll the brother-sister (half-sibs) pairs under
esch male, we get the propertiems of brother-sister pairs
under each male as given in tadle (2.2)

Iable 2.3
Brother-sister paivs
(A AA) (Ay A0) (&) a8) (s AA) (A) A2) (ayma)
M) 2 e 0 i ¥ 0

Nales o) O ! dee 0 o, ¥
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Hemoe the joint distribution of brother-sister pairs
under random mating cen b obtained by pocliag the correspending
" peirs by weighting with p snd q respectively, as given in
table 2.3 ’ |

Jahle 2e3
Sieter -
AA Aa se Total
A B il too? o
Brother A
o bk ivd? i e
Total 92 vq iq? 3

Standardising the above table se that the coclumn totals
es well as row totals add upte unity, we can write dowm
the correlation tabls as tadble 24

Iahle 2.4
Standarfiised correlation table of brother-sister pairs under
randon mating
Siater
AA Aa (1Y Total

A P »3 pe? )

Brother o pzq M’ q’ q

Total p2 | q’ 1
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The eorrelation soeffietent,, 5'3',, of brether-stster

pairs obtained after randen mating can be csleulated direstly
from the sbove correlstion Salle, assuming edditive genetis
offects and by using the predust moment fermulas far
correlation coefficients as,
ﬂ.sr(gZO - 0 | e (2.1)

This zmero correlation is quite legical since, in the
cese of sex~linked genes the son receives his father's
y chromosomne and the different female parents in the random
natiu population are non-correlated. '

The joint dlistributien of brether-sister pairs under |
the first generation of half-sid mating can be odtained
directly by oonsidering the differeant lines as follows.
There are two lines in this ease; 1ine (1) corresponding
to the male A with proportion p and with the gemotypie
array of half-sibs as

(huﬁiq;\.ohktiq‘>
and line (11) corresponding to the male s with proportiom
q snd with the genotypic array of half-sibs as
(buOianbAo iqm)
The precedure consists of finding a twoeway table of the
frequencies of brother-sister pairs oorresponding to each
1ine and them pooling these tadles to get the joint
distribution of brother-sister pairs by weighting thea with
the propertions of the correspending lines. In the first
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generstion of brothere-sisher nating, the standardised
twoevay tables of brosheswsister palrs eerresponding
to line (1) and 1ine (11) ean be obtained as givem in
table (2.5) and table (2.6) respectively.
Sister
AA As - aa Total

- i -ar

"

A Bm? ) (e ) »

Brother a tpq{i+p) h‘.(im)‘ i’ | Q
Total I(1ep)  daltem)  d2  9
 Sister | |
AA As | as : Total
O S T S S PO ’
Brether a bz(hq) ip(1+q)(1e2q) %Q("*Q)z
Totel 9l tp(1e2¢) | #q( 1+q) | |

Fow the joint distribution of the brether-sister pairs under
f& first generation of brother-gl ster uﬁu can be obtained
by peoling these two-way talles sfter weighting them with

P snd q respectively, as siven Ty tadle (2.7),



Correlation table of drethersister peirs uader the first
generation of Malf«sid mating.

Sister
AA Aa ae Ai'btnl
A 2A1e3p)  dueltely)  ee? )
Srother o #piq toa(1e69)  tqX(143)  q
Total o? e Q? 1

ml correlation coefficiens, lf:‘:.s" between brother-

sdster pairs under the first generstion of mtnorudmr
mating can be directly obtained fyom the above correlation

table as

1) ® 01768  cvee (2.2)
HS 8.8

In a sisilar manner, the Joimt distridution of brother-

- sister pairs under the second generation of half-sib meting
ean be ebtained. Here thers are four lines to be eonsidered.
These four lines have come from the Swe lines of the provieus
generation, ie., two from eash. By pooling all the twe-way
Sebles ebtained from these 1ines by weighting them with
apprepriate weights we can get the final stsndardised
correlation table for the brotheresister pairs under the
sscond generation of half-sib mating as given in tadle (2.8).
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Iakia 2.8
Correlation table of brether=sisgter pairs under the second
generation of half-aidb mating.
Sister
AA ™ e Total

APV GRS S 4D Wi -

A !.1!.9(10159*1392) Paisee) 0 0

Brother s *94(30160) in(w _y(hﬂqﬂﬁq') q

Totel ,3;(1«7:) ;n iq(%?q) 1

- -

The correlstion ceetrictemt, (23. between brother-

sister pairs under the second gemeration of half-sib mating
can be directly obtsined from She sorreletion table as,

£ . 0,917 ee(2.3)
HeS B.8 '

In the same manner, the cerelation table for brother-
sister pairs under the th;ﬂ generation of helf-sid mating
can be ebtained by considering the eight lines, obtained,
from the four lines ef the wwtm gemeration, twe from eaeh.
By pooling the two-way tatles corresponding to the differeant
linee by weighting them proum, the correlsation toble feor
the brether-sister pairs under the third generstion of halfe
sid mating can be obtained as in “l (2.9).

- e
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Correlation table of brethitwsister pairs under the third
 generatien of Dalf-sid mating.

Sigter
AA Aa s Total

- - AP - - » -

A !kp(aﬂmo“pz) .{hﬁ(!‘h&) .Ekn(”*aﬁc) »

Brother o .&vd”ﬂ&) _Tkn(!hﬂﬁq) *(21#1"9@ a

86q?)
zym ERLD - SpuTese

- L - o — ey

The eorrihtion coefficient; msr(?:.‘. of brother-siater pairs
‘under the third generation of half-sid mating can be obtained as,

3 . 0,303 m—- (2.4)
" HeS B.S

Proceeding in & siniler manner, the correlation coefficient
between brother-sister pairs unur tho _tgurth. f£ifth, sixth ete,,
gmt_-atlonj can be fdund out. The correlation coeffieient of
mthcn-auier pairs fer tho first ten generations eof mr-ui
nufiﬁ is given in table (2.27).
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The precedure of ediaining the joint dlistribution of
brother-brother pairs undes ¢ifferent generations of half=-gid
mating is similar to thet we followed in the case of bdrether-
sister pairs in uaﬁu;t.ﬂ;

The table of srepertions ¢f half-gibs for tie different
_constitutions the nale under randss mating has already beem
obtained in section 2.11 (Tadle 2,1)s From this tedle, the
prepertions of the four types of brether-brother pairs under
each msle under randem nating oatt be obtained as given in

Jakis 2.0

Brether-Brother pairs
(Ash) (a40) (204) (aya)
| o) o? e o tat
Meles alq) ip? ive toq iq?

Hence the joint distributies ef bdrother-brother pairs
under random mating can be ebtained by pooling the
corresponding peirs by weighting with p or q acosrding as
the mele 1s A or a, as given 42 tedle (2.11).
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A . Tetal
A bl e »
Brother 1 |
e ‘toq | h’ iq
Total » KN §

Stendardising the above table 0 that the rov totals
as well as the colusn totals edd wWpto unity, we cen write
down the correlation table as ia teble (2.12).

Ianle 212 o
Standardised correlation tabls of brother-brother pairs under
rendon sating
Brother 2
A . Total
A p2 . P
Brother 1 , o
. pa o | q
vnne s A 000 22000 e S s e e s e
Total b 'Y 1
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Now the matrix n.l!‘a:. y conditional prededilities
of bretherebrother palrs snder rendos mating can be written
down " ;

| w0, ’ ‘J and this can be
H.8 B.B : ’
Qv
sp1it as a function of 1o, and 0., (as defined by L1) s
) % (1a |
#s¥ap " S !ﬂ . (1'¢°)Q!2‘ (
wh I [1 o] and O ° q] end 0
hers - . -» . -

'R2t o 4 22 > < %

Now the correlation betwesn brother-ovrother palrs under
reandom mating can be caloulated by ud.u the technique
dwolopod by L1 and sacks (1954) as

(0) ' |
r - * (1=C,) 1
H.S B,B % i (=) To.
Where r; = 1 and v, = 0 (ry .“_'B sre the correlation |
coefficlent caleculated from the two-way tables obtained
by sultiplying the rovs of I, end O, b7 p and q respestively)
Hemce, we got

(0
H,8 B.D

The sere urnhtton of mm palrs under renden
. mating is decause of the fast m the son rmlvu his
fathers y-shromosoue,

‘e 0 e (z.'s)*
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The Joint distributien of brother-brother pairs under
the first generation of helfesid mating cen be obteined by
considering the two lines in tais generation - line (1)
corresponding to the msle A sad line (11) corresponding to
the male a. Just ss in the Gase of brether-sister pairs,
the procedure consists of finding e two-way table of
frequencies of brother-srether pairs corresnonding to each
line and then pooling these Sabtles by welghting them with
the cerresponding pmorumr(p or q) of the different
lines, to get the joint distributien of brother-brother
pairs. |
The standardised two-way tables ef frequencies of brother

brother pairs corresponding to 1ine (1) and line (i1) ere
obtained as given in tedles (2.13) and (2.14) respectively.

Brother 1
. A .
A | t(‘lop)‘ $(1%p)q

Srother 2 |
. taltep) te?
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e 2.1
Bewther 2
T 9(14q)
| Brothcri
s bBiwd Hwe?

Nov the joint dletridutiem of the drother-brother
palrs under the first generstion of hslf-sib mating cen be
ooctained by pooling these twe twoewsy tabDles by weighting
then with p end q respectively, as given in table (2.19).

| Iabla 233
Correlstion table of brother-brother palrs under the firss

gsnerstion of halfegib mating

Brother 2
A \ . Toted
A to(1e3p) ) »
Brother 1 ‘
s+ e fa(1+3q) e
AT S O 4 W - Atmwmm

Total » ] 1




63

5

The metrix n“:. | °€ senditionsl provesiiities of

brotherebrotherpairs under the £irst generstions of halfesid

mating csn be written down as
v - H1edp) 1q

—~

He S 3¢ B,
" fa 1(1¢3q)

and this can De expressed as "
!(‘) - 3} 1 o .3 ) q
HeS ~ 8.B o 1 0 <
| o Colgg ¢ (16,0050

vhere, c,-t

Heneo, |
. '“:.n e Crp ¢ (1eCy)m,
- c
s § « 0.2 o= (2.6)

In the second generatien of half-sid mating there are
four lines to be considered. By pooling all the twoe-way
tables ebtained from these lines by weighting properly,
we can get the final corvelation table of brother-brother
pairs in the second generstion of half-sid mating as given
in table (2.16). |
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Zakike 216
Correlation tahle of drethar-brother palrs under the second
generation of halfesid mating
- Brother 2
A [ Total

A (3+11p) # P
a *& Pq .&_Q(Sﬂ‘q) q

" AR e

Total ) ' Q 1

Brother 1

- et

Then the matrix u.s!( z)ﬁ.l o Of conditionsl prodebilities

of brether-brether pairs dnder the second generetion of
half«sid nating can be obtained as

() . [ 4(51) 4 q
Hes  B.b, % #
| ¥ e
and this cam be expressed as

MB e gyl ¢ (1600,

. He8 ™ Bed
vhere, cz = _*'
Henee 2 - C,
He8 B.B

; i‘ e 0013 eon  (2.7)
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Now, after finding sut the tweeway tables of frequencies
of brother-brother pairs corresponding to the eight linee
in the third gemerstion of bruther-glister mating, and |
pooling them by weighting with the eoressponding propertions,
the correlation Sable of brether-bdrother pairs under the
third generation of halfsid mating cen be obtained as given
in table (2.17). A

Jaile 2,17
Correlation teble of brothar-brether pairs under the third
generation of helf-sib mating
Brether 2
)a e Total

S it o ‘
Brother 1
s apq *q(-u’”q) Q

Totel ' P q 1

AT GNP

Hence, ) . *(B’”) aﬂ

HeS ~ B,B
e g;q(zbnq)

which can be axpressed as
(3 , ~
Hos BuBa Gy Iaa ¢ (1-Cy) Opy

- - g
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Mm.
H.8 5,8 3

. a = 0.391 wee  (2.8)

Proceeding similarly, the correlation table of brother-
brether pairs under different gensrations of helf-sib mating
snd corresponding conditional prebability matrices therefrom
can be sbiained.

In genersl, |

H.S !’(:33 " Catan (-G %5
henoe
= H.$ r(g.n " %
re |
Ca=0s & 5/16, 25/6h, 117/2%6, 529/1024, 2333/4096, ..
for n=0, 1, 2, 3, & 5, 6, eto.

The correlation coefficients of trother=brother pairs under
the first ten generations of mt-d.b mating is as given in
tatle (2.27). These eorrelstiens are represented graphisally
in Fige5 by eurve (2).
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2.13

The method of senmatraction of the correlation talkles
of sister-sister pairs under the different generstions of
halfesid mating 1o exastly the same as in the case of brothere
sister and drother-bdrother pairs, with e slight difference
that, here we palr each female with each of her half-sisters
instead of ferming brother-sister pairs or brother-brether pairs
ss vas done in the forser two ssetions (3.11) and (2.12).

| The preportions ef the .aine types of aister-sister
pairs under essh male under rendom nating can be obtained
a8 given in table (2,18),

Zakle. 2218
7 amumr gdu
* (AALAR) (AMy AS) (AA, 0) (Any AL) (Amp An) (Asy na) (88 AN) (88 As) (anyen)
(:)»z!mvo.m . o 0 0 0
Meles |

& ° ) ) 0 »? i o‘mv‘tq‘

Hemos the joint distridution of sister-sister pairs under
randen mating cen de obtained by pooling the corresponding pairs
by welghting wvith p or q aceording s the male is A er g, as
given in tadle (2.19).
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Sater 2
AA Aa aa Total
TR to¥e ° b
Sister 1
am doiq tpq toe? tpq
s O e e | i
Total  ip? e #q? B

Standardising the abeve table so that the row totals
a8 well as the column totals add wpSo unity, we can write
down the oorrelation table as givem in (2.20).

dakle 200
- Correlation table of sisteresister pairs under random zating
Hdeter 2
AA Am " aa Total
abaven - " L T o = YRR RS
2
mow oy ° °
Sister 1  As pq L] 'nz a&q
as 0 N‘ n’ qz
Dotal p? e q’ 1
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The correlation u«ﬁﬂqﬁtﬁ.:“’;‘ g of sater-stster

Pairs under random mating ésm be caloulated from the above
table by assming sdditive gemetie offects and using the
product moment correlation esafficlent formula ss

gla) - 3 - (29)
He3 8.8 '

The paternsl half-sisters under random mating possess a
common gene received from thelir common male parent, hense a
correlation of w.

 HNow, the standardised two-way table of frequencies af
siater—gister pairs corresponding to the two lines (1) end
(11) in the first generation of halfesidb mating can be
obtained s given in tadbles (2.21) snd (2.22) respectively.

Jadls 2.2
o Sister 2
AA Aa . | a8 |
Mo da(ep)? dealt) 0
Sister 1 As  ipq(14p)  {q(tedp) tq2(1+p)

w 0 te¥(1ep) | e

-
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2alle 222
Sister 2
AA As aa
YRt 9% 1eq) 0
Stater 1 Aa  tp3(1eq)  ip(1e39) tpq(1+q)
s O t palteq) 1q(1e@)?

L i p - D A

‘.' s

The joint distribution of sister-sister pairs under the
first generation of half-aid mating can be obtained by peeling
these two two=way tables by weighting thes with p and q
respectively, as given in table (2.29).

Iadle_2.33
Correlation table of sister-sister pairs under the first
(,snorauou'ot helf-sib mating

Sister 2
‘AA Aa a8 ‘ Total
A (1) h’i o pd |
Siater 1 Ae  Ipq ' ?Q tra? 4
s O e 2139 o
Totad p2 »q o2 1
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The eorrelstion seeffisient, £ | of steter
siater puu under the first wutma‘d helf-sid mating
osn be ¢aleulated frem ﬂ abeve sorrelation table, using
produc$ moment correlation seefficient formula as, |

mall . ‘ .« 0.628 -- (2.10)
H§ 8.8 |

The correlation tekle of ﬂ..tm-unir pairs under
the sesond gemeration ef halfesid mating sen’ be obtained
by poeling the two-way talles serresponding to the four
1ines after weighting them preperly. It is as given ia
tadle (2,24). |
Correlation table of sister-aisSer pairs under the second

goneration of half-sid wating
Sister 2

U . SUUNIU - WNUUUUU | YOU—. | Y.
AA _hptmsmso‘) _,hn(wio) 0 o ptrem)

Steter 1 As _,;,!ntmh) .gn | hn(.’mév) {n

e 0 hn(aﬂiq) _hqcmwm') im-w

A - - -y

Total | i’( io'm ?q iq(ﬂ?q) 1

- ARADADE -
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Hence the correlation coefficient, r(z) o 0f sister-
: He3 83

sister pairs under the seoond gomeration of half-sib mating
can be obtained from the above correlation tadle, using

produet moment correlation ceefficient formule as

2 . o.604 cane  (2.11)
He8  S.8

The correlation tadlas of sisterwsister paira under
the third generation of helf-sid mating can be obtained by
poeling the twoeway tables of frequencies of sister-slister
pairs eorresponding to each of the eight lines in the third
'gnmuén, after weighting thes preperly, as given im

‘table (392’)
Jable 223

Correlatiom table of sister-sister pairs under the thixd
generation of half-sid mating

Sieter . 2
AA » .:....‘2 — aa Total
AA _‘kp(mﬂ&sp%z) ipq(!m} 0 | Hmasp)

Stater 1 - I
As &’q( 33+86p) | an &pq(”osiq) ?q
sa O ww ,&Q(Z‘hﬂaqt ﬂq(’hﬂq)

Total ..hp(?ozx) : ?q _hq(?*zsq) | 1

e ' e
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The correlation coefficient, &g"’s‘s. of sister-sister

pairs under the third gemeration of half-sibd meting sen be
obtained directly from this correlation teble, using produet
soment correlation coefficient formla es

w3 o 0.rs e (2.42)
HeS8 8.8 |

Proceeding similarly, the esrrelstions coefficients
of sister-sister pairs in the feurth, fifth, sixth, ..ces
gmerations of half-sib mating ocan io odtained. The
correlation coefficients in the firat ten generations of
half~sib mating sre as given in Sable (2.27). Thess |
oorrelations are exhibdited cmhtuny in Fige% by curve (3), -



George (1974) Ras dsrived the generation matrices for
the various parent-offspring pairs in the sex-linked gene oase
viz., mother-dsughter, mether-sen, father-dsughter and father-
son snd lias obSeined the Jeint distridutien end correlstion
costfictents under the Giffernt gemerations of full-sid mating
and parent-offepring mating systes. &Im sn attempt is made
to extend the use of thess generation matrices for obtaimiag
the sorrelation coefficients of the Various parent-offspring
pairs in the sex-linked gene ¢sse under the half-sid mating
systam of inbreeding.

m dtztomt types of Mtwm; pairs are mnum
" seperately under the following mﬂ.eu.

The generetion matriz, Ay o o Of sother-deughter pairs,
obtained by Geerge (1974) 1is as siven m«.

1t 0 0 0 0 O
0o 1 0 0o 0
0 0 0 0 0 O '
o 0 & 0 0 o
3N ) | (2.13)
© 0 & % o0 o
o o o & o o
0o 0 0 0 0 O
0.0 0 0 94 ©
© 0 0 0 0 1
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o (m)

Henoe the coluwam vester, Yy, . of Joint distribution
of mw« peirs under. the n“ generation of halfe
sib mating can 0e odbsined as,

' o(n) n

 Aln R VIR 1 (R ¢ T

vhers ¥(®) 14 the eslwam vestor of frequencies of half-std

mating types tn the a™ gumerstion of half-sid mating, as
already obtained in seetion 2.11. The correlation ovefficiest,
B s (.;.n o of ummm vd.n in the at® generatien

of half«aid nating cen B m-a-m from the correlation

tadle forned from Y(®) . ‘uy aseuming adattive gente

eoffect and sooring AA, Asy sn a8 2, 1, O respectively.

‘Now ¥{1), the rov vester of frequeneies of brother-
‘sister mating types in She firet generstion of half-sid
mating (fe.) mmum'du.»tdm ofter rendom
nating is given by
9. (v o’ 2% et & )(29)
Hence. the row veetor, V( ’ no of frequencies of mothere
daughter peirs in the firet Semersticn of half-sid mating

can be om as
. OO

Aﬁ.n
Le. v"" - <p pq 9 pgq ”Q pq 0 pq e’) (2.16)

and the corresponding oom Sable cen be formed frem
v“)n ‘a8 given 1a telle (2.6).



| mn'
Correlation tadle of mother-dsmughter pairs in the first
_generetion of half-gid mating

AA An s Tetal
mo 2 W o
Nother As pe ve pq® 29q
aa 0 ’n' q’ q’
Total p? e o 1

The umlctia mﬁu-n. r(‘) » of mother-
H.8 M,D '

dsughter pairs in the first gemerstion of helf-sib mating
can be obtained from the adeve Sadle as |

Y aes - (2m
H‘s n’n

In the same apnner, the solusm vestors of the frequensies
of the brother-sister meting ma in the ueond. third and
fourth generations of half-sid mating cen be obtained as

2 (2
“M.D oL

e

“MJD A kp o«
!(‘6) -

M.D Ao o4
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wvhere 3(2). !(” qd!“’. slready obtained in sestion 1.1,
are as given in (2.21), (&”). ‘nd (2.23) respectivaly.

2 . [* (2.21)
LA {m ' ‘! (2.22)
| e

hﬁ«ﬂvﬂé;ﬂj

™~ &u(amM’)“]

Aove |
Y TP STee) (2.23)

. Thu(srooﬁq) l

ﬂfd”wki i

*@( !‘lﬂmﬂ'lj
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(&)
Henoe the eolumn vechors !(25 ’ !()3123 wd ¥ HeD
of frequensies of motheredeughter pairs in the secend, third

and fourth gensrations of mnn« mating csn be
obtained as given in (2. 24), (2.25) emd (2,26) respectivaly.

tp2(1+39) 7
toiq |

(2.28)

3

f
2 - |
!

I

i
’ |
hpq( 3+8p) ' 229
%’ i
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- *;(msm‘) M}
S AP a(snete) §
e
g P 7o) %
3 , #» I (2-26)
} *oq( 57+089) g
| :
: N }
: R 210109q086%) Qj
| S,

The correletions detwasn the sother M dsughter in the
second, third end fourth generations of half~gib mating are
caloulated frem the corrslation tables formed from |

Hioo YRy vRlpee

(D)
HeS MoD =  0,%93 (2.18)
- |
&30‘“& 0o 6672 (299)
(®)

B xo - 079 | (2.2)
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‘Preceeding similarly, the correlation coeffisients of
mother-daughter ntny in the fifth, sixth, seventh etec.
gensrations of half-sid mating cen be caloulsteds The
oorrelations of mthmm puirs in the first tea
gonerations of half-sib mating is given in table (2.27)e These
eorrelations are exhidited sraphically im Fige5 vy curve (&),

‘l'ha Joint distridution of mother-sen pairs in the a‘

generation of helf«-sib mating ean be odtained as

() ()
Yos “Aus ¥ | (2.27)

.1;‘; is the eolusn veetor of frequencies of mother-sen

pairs in the n*® generstion of helf-sib mating, v'®) 1s the
celumn veetor of frequencies of brotherwsistar asting types

in the a'® gemeration of halfsid meting snd A, . 1s the
goneration matrix of mother-som pairs as derived by George (1974)
as given below, m"l

D Jeantss I

An,s * (2.29)

O © © O =
© o<o ©C -
© O » © O
.ocwo o
-+ © © © ©
- O 0 O O
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Thus by substituting the vectors 1(1), !(2)' !(?).‘“‘
¥ .5 given 1a (2.19), (2.21), (2.22) aud (2.23), the column
vectors !(12 g !(23 " !(_’,)‘. gz ond !‘:&2 g of twm&oﬁ of
mothereaon pairs in the first four generstions of half-sid
moting osn be obtained as given below.

ot ‘]

0

¥

e

iﬂ
i i
| { i
Y o« 3 P (2.29)
=~ M.S ‘ l :
|
e
L
. 4
= Jetrere) T}
B
(2) Y -
Vog " i £ (2.30)
i
i
[
i
L

(]
Lu-u-l S DO NS SO PO SISO 2



rn -_hp('hlln) “‘
1. |
g
v(’& g " l s ‘ (231
a(7+2%)
ed
_{hv(mlgﬁ
0
_v_‘:) s " e (2.32)

i

o |
q(39+89¢)

The esorrelation coeffieient of nother-son pasirs in the firss,
second, third and fourth gemeratiens of half~gib mating can be

(2)
obtained from the cortrelation tadle fermed from !( %. g !n. s

p—m———-

!‘,’,23. and _!( ‘,’,' g respectively as
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£ . o707 eee  (2,39)
He8 M. 3

r(’) . 0.79 ——e (2.34)
ii.s !.8 ' :

l'(’) = 0.7 eee  (2.39)
Ho3 N.S

® . o.00 ane  (2.36)
H.8 M, 8

Proceeding aimilerly the correlation coeffieients
of mothorwsen pairs in the fifth, sinth, seventh ets.
generations of half-sid mating san be caleulsted. The
sorrelation coefficients of mether-son pairs in the Lfirst
ten generations of halfesid mating is given in table (2.27).
These correlations sre repressuted graphisally in Fig.$

by eurve (3).

:"b. of the joimt distributien
»

of fatheredsughter pairs ia the n‘ goneretion of halfegid
nating can be obtained as

_!:.; - .L".B !(.) "‘"‘ {237)

vhere
A, p 18 the generation matrix of fotheredaughter

pairs, as é&afined by aam(mt) as
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v o b 00 0

l ©o 00 0 0 O l

j o o % 0 1 0 :
"5,: © 1 0 % 0 0o (2.38)
T § o0 0o o 0 0 o {

L © 0o 0o 4 o imj

Sabstituting WVM“!‘.’. (ns 1 2, 3, “). as
siven ia (2.13), (2.21), (2:22), (2:23) ond A ; ,» the

the ecluma veetors _’!_‘?25 (nse 1% 2, 3 &) of frequensies
of motheregem pairs in the first four generation of halfe
sib mating csn be obtained as givea bdelew,

=, 7
i g
i o
P
A L ! (2.39)
i o }
P
L. -
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(2. 40)

P

)

m. m.m.a

ﬁ’ WS SO IS e el ‘r‘o‘n-&

e
F.D

q( io?q)

(2.41)
(2.42)

[y e ———y

”5

RN
. hEk.% .22,

e b

e
Feb

FoDe

-y
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The correlation seéfficients of father-daughter pairs
{n the first four gemeretions of half-sib mating can be
csleulated directly fyes the cerrelation tables formed
trem (1), v'D) | w(3) | o8) o ieetively as given belew.

TFeD FP.D 7., " F.D

o) - 0a707 \2.43)
He 8 £.D

t'") - 04790 (2, 4b)
R.8 7.D

r(l) - De781 (2.489)
&8 F.D

P(ﬁ) . 0.808 (&“)
Hds '.B B

In a siniler agmer, the sorrelation csefficients of
fatheredaughter paira in the 159, sixth, seventh, ete.
generstions of half-ald mating san b calculateds The
correlation coefficients of fatherwdmghter pairs in the
firet ten generations of brether-sister mating are given
in table (2.27). These corvelatiens sre represented grephically
in Fig.3 by curve (9).
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., 8%8.8

Dakle .51 |
Correlations of the varicus relative pairs in the ssx-linked gens case, under differemt generstions

of halfezib mating system.

| sm;;tt;on (n) T
Brother ~sister ' '
oom%:)ﬂn 0 0.177 0.292 0.390 0.472 0.340 0.998 0.648 00“‘4‘ 0.728 0,761
. H.3"RS .
Brether-alster . .- .
mﬂ}gylﬂ 0 0a290 0.313 0.391 0.437 0517 0370 0.817 0.65 0. 006 0.7H
Hes* B.3 o o

Matervatoter correlationy g 0,625 0.600 0.730 0.792 0.833 0.091 0.0F3 0.091 0.906 0.918

5 ;33.: 0.5 0.900 0.98% 0.667 0.72% °om 0:803 0.834 0.898 0.378 0.893

s PP

_ AR b

Nother-sen ceorrelatiea , '
s TR 0.707 0.707 0.7%0 0.781 0.808 0.831 0.851 0.069 0.884 0.897 0.909
F sther-dsughter T B - ) |
‘;{3"““ 0.707 0.707 0750 O0.781 0,008 0.831 0.851 0.869 0.884 0.897 0.909
i3 FoD '

Netet 0" gemeration stands for renden msting. » @
| ~
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SUNNARY
AND
CONCLUSION
The objectives of the pressat inavestigation entitled

‘e study of half-sid correlstions snd parenteoffspring
sorreletions under half-sid mgting systes', was wainly
three-fold, viz., (1) to derive the joimt distribution -
correlation table as well as the ﬁnahda of halfesid
pairs under different generations of half«sid neting, in the
case of sutosssal genes, assming single locus with twe alleles;
(11) te derive the joint dlstritutien - correlation table as
well as the correlation of parent=effspring pairs under
different generations of half-sld mating, in the case of
sutosomal genes, sssiming single locus shh two slleles and
(111) to derive the jeint distribution correletion tadle snd
the correletion between voth the parents snd several aﬂaﬂu'
88 well as one perent n,nd’ several offspring under dtttkomt
gemerations of half-sib mating, in the ease ef sutoscmal genes,
assuning single locus with Sws alleles.

Over and above this, si attempt was also sade to study
the Joint am-mmoa aowolm Sasble as well ae the
correlation between the a:tom llul!-sih pairs, viz,,
brother - sister, brother-brother sad lhtcr = sister and
slso the correletions of Aifferent perent-offepring pairs,
viz., mother-dsughter, mother-son end fether-damughter, in
the sene~linked gene sase. '



89

Vary little work had bemm done in the case of half-sid
mating system especially % derive the joimt distridution
and hence to ootein the cerrelation coeffislent of differeat
relstive pairs. As m generstion matrix im this systems
cannot be esasily cbtained, Ceerge (1979) made an attempt
to derive the joint distridution ef half-sib pairs from the
first prinsiples, in the sutossmal gene case. He confined
his study to the first three gmerations of half-gid mating.

In the first chapter, the jJoint distribution of half-
sid peirs under the fourth gemeration of half-sib msting
was derived from first prinsiples snd the corresponding
correlation was vorked out therefrom. Further, a series of
half-sib eorrelation cosffisients for the first ten generations
of half-sib mating was obtained as given in table (1.16). It
could be observed froa this table that tho correlation
coefficient steadily inereases frem 0,290 under rendom mating
to 0.858 under the tenth generstion of half«sib mating.
This is fully in agresment with th principles of unmm
The chapter further concerned with the derivstion of the Joins
distribution of parent-offapring pesirs and the caleulation of
parent-offspring ocvrrelation, adepting the generstion matrix
spprosch. The correlation qum. of pard\t-oﬂ-pﬂu
Pairs in the first ten gemerations of half-sid moting were
worked out and given in table (1:16). The table indiceted
that the aernhtioi incresses frem 0.9 under random moting o
04908, ‘ln the tenth generatien 01' half-sih mating, wvhieh is
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alee in full egreesent with the phenomena of inbreeding.
Thess two correlatioms, half-sid o:lml-uon and parent-
offspring correlation were exhidit graphicslly in Fig.2

by curve (2) end curve (1) n“uidy. A comparstive
study of these two curves revealed that the parent-offspring
correlations ere comparatively of higher order them half-
si) correlationse The former was double the latter, under
rendon sating; but the gap vas foumd to reduce as the number.
of gemeratien incressed. In the tenth generation, the
difference between tha two eorrelations was only by 0,05,
Tols shows thet helf-sib correlatien inereases st o faster
rate then parent-of fspring aernhﬁha. as tho indreeding
goes on.

Undeor section 1.31 in chapter 1.' e genersl term for the
correlation between Goth the parents and k offspring under
each of the first ten generations was derived (Table 2.18)
in ‘the lines of George (1979). By giving different values
to k frem 1 to 10 the corvelation esefficients between both
the parents and k offsoring for the first ten generations
©f half«sid mating were wored out as given in table (1.19).
These correlations were glee -uum grsphically in Fig.3.
‘nnnrmlaﬁmmnmdhhdvm high order ranging
from 0707 to 0,994 and beyond ﬁu» 9‘-‘ generstion of halfe
sib mating, the sorrelations were of the order 0.9, evem
when kX » 1. This indicated that the eorrelations sttain a
ssturstion point in twelve generstions or so. Frem Fig,$
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1t could be noted that the sorrelatien increases very rapidly
for mmaller values of k ey, vhen k = 1 to 3, snd for further
valuee of K, the insrease im eorrelation is very negligible.
However, in a1l gensratiens, there is a tendeney shown by
the corrslation to attain umity as the mmber of effepring
~inereases.

Under sestion 1.32, the cerrelation between one pareat
m‘ k offspring was dealt withe The expressions for the
correlation coefficient for the first ten generations ef half-
sib meting, in the general case of k offspring, was derived
as given in table (2.21). By giving values to k frem 1 to 10
the correletions between parent and k offspring fer the first
ten generstions of half-sid mating were worked eut as given
in table (2.22). Here alseo, as ia the previeus case, the
correlation was found to inerease as n, She mumber ef
. gemerations end k, the mmber of effspring, increase. But
the range of eorrelations wvas rather wide - frem 0.%0 %o
0.953. These correletions were axhibited graphically in
Figeh. hich revesled that the esrrelations increese rather
steadily from k = 1 usumkasmn‘cncnm
almogt in a linear fashien.

A mmﬂn study ef these %we correlatiens as givea
1n table (2.“9) and (2.21) m«m Shat the correletions
in both paremt case are comparatively of higher erder them
that of eme psrent ease. By cemparing the graphs of these



twe sorrelaticns¥ig.3 and Fig.4)it vas abserved that the
trend in Fig.h is the same a8 that in Fig.3, Wt in the
latter case the curves were alightly depressed all along,
since the rate of increass was rather lass in this case.

Chapter 3 concerned with the correlations of differeat
relstive pairs, viz., brotheresister, brother-brether,
‘sister~ai ster, mother-dsughter, nether-son and father-dmighter,
in the case of sen~linked gemess In all these six ceses,
the Joint dlstridutionz were dirived and the correlation
coefficients worked out fer the first ten generations. The
correletions of the different reletive pairs in the first tem
gemerstions were given in table (3.27)c Frem this table it
was noted that the mother-men cerreletions and the fether-
dsughter correlstions are uullul snd are of very high
arder renging frem 0,707 %o 0,909, BuS, as the rate of
inerease was reletively high in the case of aister-sister
correlation, it exceeded even the mother-son correlgtion after
the sixth generstions. However, the sister-sister correlatioa
vas found te be of much higher erder than brother-brother
snd brother-sister correletiens et every generation of half-
sib mating, It was slso noted that the eorrelations of all
these six types of relativs pairs will be tending %o uaity
as the mmber of generstions inoresses indefinitely. Further,
the mother=dsughter correlations in the sexn-linked gene case
were the same as tho‘ pnmt-ettm oo rrelations in the
auto semal §one case except for a shift of one generation.
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Another intercsting point noted was that the joiat
distribusion snd correlstion cosfficlent of Brether-brother
" psirs can be easily worked cut im the same lines muplained
by L1 and Secks (1954).

A comparative study af all these six types of corrslatisns
ves aleo mede graphlcally as shown im Fig.% Frea this
figure it can be obaserved that the cerrelation under rendos
mating and under the first gensrstien of halfesid mating
renaing the same in tncenuot»mw&pdnu
well as motherwgon pairs. The brothere-brother sorrelations
was noticed to be the lowest order correlation smong all and
there was s constriction between gemerstions (1) and (2)
a8 the reste of incresse in corvelation reduced considershly
sfter the second generation of hglfesidh mating. |
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ABSTRACT
A purely mud favestigation entitled ‘e study
of half-sib correlations and parent-effspring correlstions

under half-sib mating systen' was carried out vith the
following objectives.

1) to derive the jJoint distridution - correlatioa
table as well as the correlstiom of halfesib pairs under
different generations of hali=ald ssting, in the case of
sutosomal genes, asmuming single loous with two alleles.

11) to derivs the joiat distribution - correlastion

' table os well as the correlation of parent=-offspring pairs

under different gensrations of half-zid mating, in the case
of sutosemsl genes, sssuming single leous with two alleles.

111) to derive the jJoimt distridution - correlstien
table and the correlation between hoth the parents and
several offapring as well as the cerrelation between one
parent and seversl offspriag under different generstions of
half-sib mating, in the case of smitossmal genes, sssuming
single locus with two alleles.

1v) to derive the joint dlstridution - cerrelation teble
as well as the correlation of the different 'halfegih pairs,
viz., brother-sister, brother-brether and sister-sister snd
also the correlations of different parent~effaspring pairs,
vis., sother-dsughter, nother-son snd father-deughter, ia
the sex-linked gene cut-'



As the gemaration matrix of half-sid pairs is toe
tedious to derive, the Jeint distribution of half«sid pairs,
both im the sutossmal geme Gese snd sex-linked gene case,
wvas derived from first prineiples and the correlation was
calgulated frem the correlatiom table, asmming additive
genic effects snd by using the predust-sonent correlatiean
coefficient formula. The correlations were worked out for
the first ten gonerations of halfesid mating.

The Jeint distridutien of parent-offspring pairs under
half«sid nating system, both in the sutosomal gene case and
sex-linked gene case vas derived by using the generation
matrix appreach. Here almo, the sorrelations wers worked
out for the first ten generstions of half-sid nating.

A cemparative study of the half-sid correlations and
parent-of fapring correlations, cendusted both mmerisally
snd grephicslly, revealed that even though the half-sid
correlations are of lower order than parent-effspring
eorrelations, the rate of inerease in the former is much higher
then the rate of ineresse in the latter,

Among the cerrelations of varieus half«gih pairs in the
sexwlinked gene case, the correlation of sisterwsister pairs
vas found %o be of the highest order. It vas alee observed
that the sorrelation of brother-brether pairs can bde easily
obtsined by the I.7.0 method developed by Li snd Sasks (1954),
Rqannng the various pmminﬂﬁ pairs, mether-son



esrrelations end t:wor correlations were found % be
the smme and there vas me Sorrelation between Lather and son
whioh is quite legiesl im the case of half-aid nating as the
son receives his father's m.u'

A comparative study ef the helf-sid cerrelatieons and
parent-offapring correlations in the sex~linked gene case
vas carried out beth ruserieslly and grephicslly. It wes
noted that even though the mether-son cerrelstions and the
father-dsughter correlations are of very high order ranging
from 0,707 te 0.9509; the sister-aister cerreletion exceeds
them sfter the sixth generution. Frem thig it is eWvieus
that the correlation between sister-sister pairs insresses
such rapidly than the cerrelation between mether-som or
Latheredaughter pairs. It was alee neted that the sorrelations
of all these six types of relative pairs tend to unity as
the mmber of gensrations increases imdefinitaly.

A stady was also made on the Ssrrelation betwesn both
the parents and k offepring as well as that Detveen one parent
and k offapring, in tha esse of sutessnal genes. A gensral
tern (1o, when mmber of offapring is k) for the serrelation
in each of the above cases was derived for eash of the tea
goneration of half-sib mating: The cerrelation were found %
increase with the mumber of generstions snd k, the mmber
of offspring. It was alse meted that the correlutions in beth
parent case are comparatively of higher order than that of
one parent case and the rate of Lincresse in the forner was



mmmmmmcmumntm. The
- mmerical values of thess sarvelations were werked out
forks= 9 h'té“ﬂ. for the first ten gmerstions
of halfesid mating as givem in table (1.19) and (1.22)
respectivaly. —
- \ 1495




