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INTRODUCTION AND
REVIEW  OF LITERATURE



M
nm m  m  ussuturs

The roaoub&anse botwoan Nlattvti is on* of tbo basis 

genatle phononena displayed i f  aH rti eharacters, and tbs 

degree of reaoahlanee is s property of tbs character that 
ees bo determined by relatively sisple neasu reneats sads on 

tb* population without apeeial experimental toobniguo* lbs 

degree of reaenblance provides tbo Mans of estimating tbs 

amount of additive genet!a variance, and it  is tbs preps** 
tisnsto mount of additive variance (i.e ., beritability) 
that chiefly detexsines tb* bast breading aethed to bo used 

for Improvement*

Genetic oorrelation between relatives gives a oonsisteot
find a let

of spplieatiett in genetie basis of eeleotlon. lbs oorrelation 

betvean eonson relatives sueb as M l  sib er parent-off spring 

takes a value of Half and tbs oerrelatlon between balf-sibs 

takes a value of one fourth under an SfdUbrita randan 

noting population. But when regular ay at one of inbreeding 

is praotiesdt tbs correlation ssafftoiaat between tbs relatives 

inersases with the degree of inbreeding#

Different authors have proposed apparently very different 
netheda ef obtaining tbo geaetypis oorrelations between 

Motives under different inbred systems# One anong than is
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• etrai ghtforward but long procedure by which th# abaaluta 

fngM M iM  of th# various combinations of tte stated 

relatives la tte general papulation are first found out 
sod then tte oorrelation is calculated from such a 
'correlation table* • Tte correlation between full*sibs 

under different generations ef fu ll-sib nsting system hare 

bean obtained by Li (• Population Oenetioa*, Paget 119) by 

sueh s long process# Tte p raced ̂ re of obtaining tte 

frequencies of unelo-noptew er first esuain combinations 
is entirely too tedious oven with tte help of matrix 

notations (Hogoen, 1939)* Dbts tte algobmis methods 
bocono eunterssno whan used for tte mere eonplex or irregular 
inbreeding eystena er fer more then tee pair of gonoo#

An entirely different toebniquo developed by tf right 
(1921) util lees the concept of path coefficients# this 

n#thod gives tte required oorrelation eeeffielent almost 
instantly one# the relationship is specified, but does

not give ua any infs nation about tte frequencies the 

various combinations of tte relatives in tte population# 

Moreover, one has to bo fm iliar with tte aathanotieal 
ttersna eomeomlng tte pete eeeffielenta before te eon uae
them to dorivo tte required oorralatlons. Tte factor#

» '
defined by Fisher are precisely tte sms as the pate 

oeaffialente defined oy Vrlght#

Tte fu ll opoeiflootion of eH tte preportioa of 
pepulstldna which have undergone a specified number of
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H tw ttw >  ef inbreeding according to m e  eyetm of 
o<wnBpl«ow» noting he* not boon no4o by eny ef tte 

above authors*

Fioter (19^9) developed o generation matrix theory 

by white ail tte properties can, with sufficient laoour, 
bo elucidated* Tte nothed provides a simple and flexible 

matted of working out tte frequoncioa ef different types 
of noting under n p l i r  ay stems of inbreeding* Tte method 

was first presented in tte literature apparently by Bartlett 
and Haldane* Though tte progress towards teteroaygosia 

for sex-linked character was studied by Fisher and HUmt 
(1937, 1959)# they gave only a general treatment of the 

subject*

Kempthome (195$) calculated tte correlation of 
parent-off spring pairs and fu ll-alb pairs in generations 
of fu ll-sib  noting by making nee ef tte generation matrix 

theory* Homer (1996) worked out the eorrteetion of 
parent-off spring pairs and fuUslb pairs in generations of 
parant-offspHng mating* But both these workers dolt with 

autosomal gome only* Korda (1960) worked out the oorrelation 

between relatives for a cam-linked character under fu ll-sib  

mating by naking use ef the gmaratlen matrix theory*

Tte generation matrix netted le booed on tte primitive 

concepts ef tte genotype and the results of Msndeliaa 

segregation* The method gives tte noting typos in an
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arbitrary generation orlelng ften an arbitrary population by 

« regular ay item of iwhrs><lng» I f  the frequencies of noting 

types are arranged as e li a na matrix, aay, _f, end gonoretione 

are denoted by subscripts in parsnttesls, then • A
whara A la the generation matrix. Hama it  follows that

g(n) . # |(o)—— fs/ —■
This shews that the frcqutnolos in tte generation ean bo 

worked out i f  one knows the matrix A as wall aa the ini t i l• -N/
vector By this matted tee Joint distribution of pairs
of relatives at any generation Of a specified ayaton. of 
notingAend thus tte oorrlatim  is  walked out directly from 

the two-way table of the relatives# known es the "correlation 

table*.

the netted of atoehaatio process and Its final rodtiation 

to aeno basle matrices# intradtaoad by Li and Seeks (1954), 
under tte aaae I.T.O. netted# provides the frequencies of 
various relative pairs and tteir oorrelation in a very simple 

manner* This netted la restricted to e single locus with 

tm alleles, under random mating*

Tte stochastic matrices# X# *  and 0 are matrices ef 
conditional probaDilitlee* Finn teem throe ^aaic matrices 
tte matrix ef conditional probabilities for oilineel or 
unilinel relatives ean be worked out* Using than ntte 

correlation table" and tee oorrlntion between relatives 

eon bo easily worked out*
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Svonthough 71 star* Moldan* and Li dortrod tho i«u r«U 9a  

notrlx for full*sib noting with an »U iii»« m  it  l i  Ia 

foot lord* and Csorgo and* ago of tb ii gonorotion notrlx 

ttotal QUO in studying tad latatd lai systsaf * Ooorgo (1974) 
conducted o dotailod study i f  poront-offspring and full-sib  

eorrolationa ta tn td jr undor full-aiD aittag and poroat- 

offspring noting oystsno* both for autoaonol os ta ll os 
son»liakod gonoo* An nottado v li«t tho I*T*0 nothod* 
onploying stochastic natrleos* os noil oo generation sitiix  

oethodolegy, taro boon studied* Tho I*T*0 nothod applicable 

to the single locus with to© oLleleo Is extended to aultlple 

ollolo po** undor rondon noting* further* he found ttat In 

general* tho X*t*0 nothod Is nit applicable to In ©rod 

populotlons* However, for sutooonol genes and la tta coos 
of parent-off spring noting aystsn* tta joint distribution of 
tta parent-off spring relationship eould ho expressed la torns 
of T sad f (suitably defined) notrloos* In tho ease of 
s«o41taod genes tta I*T*0 aotaod nos found to ta applicable 

for finding tho joint dlstrloutlon and eerrolatlott cooffiolsnt 
for hrottar -  brothor and father* eon relationships* both for 

fu ll-elb so tall ss. parcnt-eff spring noting oystsn* further* 
o gonoral theory for ohtolning tao oorrolation between ono 

iQtrsnt and fc offspring oo tall os tao oorrolotioa between 

tath tao paronts and k offspring undor o given systssi of 
noting hero boon developed tata f ir  autooonol oo tall oo 

eeollnked genos*
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All llitii tulteri ooaflnad to tti« two ayateaa of inbreeding 

nsaely lkiU*itl actiai t e  parent-effspring natiag* for 

autosoosl at well to een-llafced sharaetors. laeplte of tte 

foot that tte rato of t e t e N  1 a te o in o ili to fatter U  

full-alb aatin< than in half-sib atttaif fu ll-si as art not 
gvallibli la lsrge suabers and aaaetlaes nay net te available 

et all* la livsstook In whleh a greet mater of tmmlee nay 

te anted te one elre* half-alb anting In parte tte neat 
rapid practleal netted of fixing eteraetars* for the rate of 
inerenne In hosMeygosls la falrljr rapid*

Half-albs are indlvldnale teeing one parent la oonaon 

and the ether parent different* A grasp of half-alba la 

ttemfere the progeny ef one individual anted to a randan peep 

ef the ether mat and teeing mm of f spring by each nata*
dcr<v<f!'f'.'< f •

An the gsnaratton natrlx in tte teae ef telf-elte is
net easily poaalbla, a detailed aitidy ef tte derivation of tee
joist distribution of half-alb pairs and the oorrelatloaa
tterefrea has net been coadueted an far* Howevar« U » in hla
book entitled 'Population Qenetlea, (1956)* have eatabllated a
genarel fonaula to deternina the oorrelation eoeffledent
between different relative pairs eueh an full-alba, parent
and offspring* half-alba la dlffarant genaratlona of the
apaclfiad noting ayataa, fron tte aorreapondlag inbreeding
eeafflelant* It la as glvan belowi

a .  1 ♦ if*  ♦ V  (1)
h (1 ♦ P«)
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where
r -  lakncttag iit f ft t liil In thi *tt generation 

f»*  inbreeding eeeffieleat in tte (a»1}** generation 

f* •  Inbreeding m M H « I  in tte (n-2)** generation 

ani «  • w m iit lM  m f f i « i « t  in tte mth geMratiit*

The iih rn te i tN C fU U lt in tte different generation! 
of half -  el b noting eon he obtained using tho reeurrones 

Motion
F „ £ <t*6rf ♦ *•) —  (2)

eetabliahed by Li, by using got* netted* Thus by using tte
MoUonsliigo (1) snd (2), 14 co-id obtain tte oerrdetlQn 

coaff lei ants between half-sib pairs (paternal) in difforsnt 
generations of half-sib notings di reedy. As for tea aunarloal 
values of th« correlation eeeffieleat the nothod is  quits 

siaplsi but it does not give any infomatioa about tte aoaeluta
fraquaneioa of tte half-sib noting typos and their joint
distribution in tha different generations of half-sib noting*

An attsnpt bos boon nods by 0sorgo (1979) to stu^r tte 

hdf*eib and parent-off spring sorrel ations undor tte first  

throo ganarations of half-sib noting* in tte sutosooal gono 

oaso9 assuning slnglo Xoous site too slides. Tho eorrdation 

tadoo of hdf-slb pairs have boon derived froa first prinolplos 

while tho joint distribution of parmt-off spring pairs ore 

obtained by tho generation netri* toohnl quo. Further* te 

proposed a general theory for obtaining tte eorrdetiens 

between ooth tho parents snd t  offspring as wdl as tte
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correlations between mm at tha parent and k offspring, la 

tha auto sen al gsne a im  tha corresponding rtaulli In the 

sex*lInked gene cam have not hatn dolt with*

In thla thesis# an attanpt la node to extend tha results 

obtained tqr Georga (1979) th in  fourth generation of half*
Oh

sib noting and hmoo gnmrellsa the result for tha nw  

generation of half*alb aatlng. An attenpt Is also node to 

extend this theory to the ease ef se*»lInked genes# single 

locus with too alleles, the study Is divided Into two 

chapters# vis.# Chapter Z and Chapter 2. Chapter 1 condemn 

with autosomal gsnes -  tha study ef half*alb oorralstlona# 

on# parent-ona offspring eerrcintienst -oth the parents -  

several offspring correlations# and one parent * several 
offspring correlations is node undar different sections. In 

Chapter 2 # a study ef eorr&atiena of the various types of 
half*sib pairs and parant*offspring pairs# assuaing sen-linked 

genes#la dslt with*



RESULTS



A mabor of aystoos of ostia* botwaon half-albs say bo 

4«rivf4* Horo «•  ooasldor onlytho simplest aystoa of oao 

oalo u U d  with on inf Ini to auabor of hit half-«1 a tors, who 
oro also half-oiotors to oooli otfaor (Fig.1) As tho goaorottoa 

matrix for half-sib Bating systom la not avail a bio, tho Joint 

distributions botwoon half-sib pairs aro dorivod dirootly from 

tho first prlneiplos*
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The Joint distribution t f half-alb fairs under randoa 

sating ean be obtained as l«Uo«s* Consider a single loeua 

with two allele* A-a idU  fn itrttM  p and q respectively. 
Here the constitution of the nale can he AA, Aa or ea. Let 
the sale he AA. how the proportion ef the half-sib pairs 

ean be obtained considering the sating between a sale to his 

half-alatera, who are also half-sister? to one another as 

AA (p2AA ♦ 2pqAa ♦ A * )  -  pAA ♦ qAa 
Let the sale he As# then the proportion ef the half-si be ean 

be attained as

As (p2aa ♦ 2pqAa ♦ A n ) •  i  PAA ♦ |Aa ♦ iqaa 

Again* let the sale he aa, then the proportion of half-si be 
oen be obtained ee

ee (p2AA ♦ 2pq An e A n ) •  p Aa ♦ q #a 

eeahlnlng all theee three eeaee we get the table ef prepertis 

of helf-eibe far the different oonetltutioae of the nele ee 

given in table 1.1
Table 1.1 

ttfoelbe
 ____________ AA Ae ee

AA
<b2) p  q o

Males Ae
(2pq) ip h iq

(q )
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Bov aoaaidarlag all qua MM»aih pairs uadar aaah aala va 

i « i  tiw fallowing taala U1
«*&a 1.1

t j y u w w & H A W f i ^ M K ^

0
n 4

AA
(»*) t* rq 0 N q4 o 0 0

<*H>
If4 if ift if i iq ipq H

an
<q4)

0 0 0 0 V n 0 ft i 1

Hanea tha joint distribution of half-oib pairs undar naha  
adiBg mb ha oatainad hr pooling tha aorraapaadlm pain hr 
vaighting with p*, 2pq and q4 aaoordiag aa tha aala ia AA* At

and aa raapaotivalr9 aa ahava in  lakit 1*3

Tahla 1 .3

Corralatiea taola of half*sih paira undor randoa noting.
HaU~ait 1

--------------  jj.--------------------^ --------------------- s ------------- f B s s n

AA ip*(1*p) l f 4q(1+%) i p V  p1

Salf~sth SAa ip4q<1alp) IpqCtoApq) hpq2(1*2q) Ah

m  w V  « *

w .  »*  W » .*  1



12

Tht h a l f -a lb t  undtr

radon nnting MR *• thttlnod diraotly f r a  tht tablo I f
using H it produot im m M  r a l i t l M  w iin ii iR l fo tw lt  m

ijkJ •  | *  Otif • »» { 1*1 )

Tho joint distribution i f  half-alb pairs undtr tha first  

gonaratlon of half-alb aatlag sss So attains* dlroatly If  
considering d iffo ra l linos ss follows. Thoro srs throo 

lints in this otto* Thar sro lint ( i )  oorrooponding to 

ths salt AA with proportion p * and with tho goaotyplt array 

af half-oita pAA ♦ q Aa| Hat (U ) corrosponding to tw  

solo As with proportion 2pq R®d t i « i  tho ftnotypit array of 
tht half-sib# |p AA ♦ #An ♦ tt oa and lint ( i i i )  oorrtapondint 
to tht salt at with tht proportion q* and with tho ganotypio 

array of half-ai ba pAa ♦ qaa* lfca prottdurt conalata Of 
finding a two-way tablo of tht f rtftanaits of half-ait pairs 

ttrrtaptnding to oath lint and than pooling thtss tables to 

got tht joist distribution of holf-tlb pairs by weighting 

thaa with reapaot to tht proportion of tht d ifftra t Unto*
In tht first genarotian af htlf-tlb aating, tht two*way tablo 

of half-alb pairs corresponding th tht lint ( i )  la obtainad 

as giran in table (1*4)
Tahla 1*4

AA An at Total
  ........

aa (i+p^o+ao  §  tci^p)(i^m) id ***)
At i t  0 *p )(n a p ) ttO +tt) i t *  iqCtopJ

* *  J t1 I t 1
ofrMotntndMMMOdonoao ̂WNasaaiNNPtnstdoansotnantgaapaBaSHlbdbdsdtsnSbMlSSBNaMvanaosittnantaMMMnMabaMMMBasMnoaMntnnfetBaaMaMaann̂Mn



13

Sisillarly the l i N | f  liU c  « f  pairs oorreapoadiag
to line (11) and U n  (111) ean ba abt«lnad as given la table 

1*5 and table 1.6 raepsetively.
table 1.f _____ _____

AA Aa aa fatal

AJk fo<1 *J .l X l**»>  

jJ

- | l  0 * * X i « r » a * i )  ^ d * » ) d * > i )  d * * * * 1

^  iK h lH w lM )  d “41**

Table 1.6

AA Aa aa Taw

AA p5 p ‘  - V a < u ,) ***

*p(1*Pt) |p2(1^q)(1^aq) ipd+p)

M _ L » 2(U«|) jtd e t )d ^ $ * ) ^ d v t )^ d ^ M ) 6 dn >*

Nov, pooling these three toe*way tables corresponding to tba 

Unas (l)t  and (11) and (111) by weighting with »*, 2pq and a2 

respectively, we gat ti»a Joint dlatriaution of h*lf-sib palm under 
tha first generation of half^slb noting, as given In table 1*7
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fgH-p 1-7

Correlation table of half-sib pairs undor tho first goaorotien of
helf**lb noting.

Half-aib t

AA As as fbtal

M  ^ (leH peJipM dp3)

As

on ^q(3*idpq)

^q(9*l6pq) ,^tq(l*9q*iqa
i "

^n C  |4<1*7q

Total W<1*7»)

Tho correlation eoofficiant between half-eio paira son ho obtained 

directly fro* this correlation tahle as
• 0.989 —  (1.2)J D

rH.S

Zn the sane Banner tho Joint distribution of half-sib pairs 

tinder tho second generation of half**!* noting can ho oatalned. 
hero there are seven linos wo hare to sen si dor. Those seven linos 

hove cone fra* tho throe lines of tho previous generation, two 
from the first, three fron the second «td two froa tho third. % 

pooling dll the two-way tables obtained froa those linos tap 

weighting properly we can get the final eorrdatiea table for tho 

h«lf*aib pairs in tho second generation of hsif~alh eating as 

given in table 1.8



Correlation tablo of half-oili palro under tha oooond generation of half-nib sating

Half-oili 1

AA Aa an - %ttii

M  (S»«*56**12%2)

,U *“ *b J, J9»25**-Ha*pZ)

an Moo) 1,»a( W^UfcMJB,2) 1 q(M*31S«*J«0*2»  _1*(7**3q)
I I I  W »  "

Ifetal ^ .W 7 *«*>  1

Tha corralatlan coefficient between the half-sib pairs under tho oooond generation of
half-alb mating can be obtained direotly from tha correlation tahis as

r *2) »  0*5 ——  (1 *1 )
H»S
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In tho mm aasair th* oorr*lation tahl* of half-aih 
* lr*  und*r th* third g«B*ratloa of half* si fc mating eon h*

-#v£
eoastrooted hy con si d*rlngA sow«nt*«n linos, obtained fro* 

th* soroa Ho** of th* pr*«l*us |M»r«tl9B* Out of th*** 
seventeen lln*s, two lin*s hair* oo** fro* th* first Hit*, 
thr** fro* th* seoond, two f r a  th* third, thro* fro* th* 
fourth# two ft** th* fifth, thra fro* th* sixth# sod two 

fro* th* seventh 11a* of th* previous generation# % poollag 

th* two*wsy tahl** corresponding two **eh of th* s*v*at*«n 

lla*s after property weighting# th* eorrelation tahle for th* 
h*lf«slfc pairs under th* third generation of hslf»slh noting 

can h* *htaln*d as glvsn la tstt* 1*9#

Th* eorrrtstlen co*fflcl«at of half-alb pairs under th* 
third generation of half-slh aatlag oaa h* directly obtained 

fro* this correlation tart* as

p(5) •  0.9M —  (1.*)
H.S



Table 1.9

Correlation table of h a lf-s ib  pairs under the third generation of half-^slb mating

H a lf-s ib  1

AA Aa aa

AA 1 p (1461+7275p +6624p 2+1024p 3) 1 p q ( l  251+3312p+1024p2) 1 pq(l029+1024pq)
1^384 8192 16384

H a lf-s ib2 A a  1 pq( 1251 + 331 2p+1024p2) 
8192

1 pq( 4554+2048pq) 
8192

1 p q ( l  251+3312q+1024q2) 
8192

aa 1 pq(l029+1024pq) 1 p q ( l  251 + 331 2q+1024q2) 1 a ( 1461+7275a+S624a2+
16384 5192 i'"6384  ̂

1024q )

Total 1 p(39+59p)
128

89pq
34

1 q (39+89q) 1 
128

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

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

obtained by considering the fourtyone lin es  obtained from the 

seventeen lines of the previous generation. Out of these 

fourty one lines, two lines have come from the f i r s t  lin e  of 

the previous generation, three lin es  have come from the second, 

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

lines each from the f i f t h  and sixth, three lines from the 

seventh, two lines from the eight, three lin es  from the ninth, 

two lines from the tenth, three lin es  from the eleventh, two 

lines each from the twelfth and thirteenth, three lines from 

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

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

previous generation. Corresponding to each of these fourty 

one lin es, a two-way table of frequencies ©f the h a lf-s ib  

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

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

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

them with appropriate weights. The Joint distribution of 

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

is  as given in table 1.10. The correlation coefficient of 

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

can be directly obtained from th is correlation takle as

r ^  m 0.650   (1.5)
H.S



Correlation table of h «lf-a ib  pairs under ths fourth generation of half-sib a a t ilf
Half-sib 1

AA  Am mm

AA 1 o(57^W»134»427p»aiS36pa»ai92p3) ( 2»71»*0768s*g192**) J  Lso( H90»+«1«2»o)
I f w T  S5MWT

As _ 1 J P « | (  229?1«4O766pe0192»2) 1 -S o(67A0a»th3>%a)
15W* « W *  * W >

so 1 pq( 1990»»h192sa) ILII IU^ 2 » 7 1 ♦*076>o»8192o2)  _ _1 _< | (3 T fW > l lt t f t f fO
IW m W  I K K  _  *  .

M i l ^ p(ro»3t7h) pq ^qdSJWOTq)



2 0

Proceeding i la ll i f lf  tte w y v t U l i m  w afllelinti ef 
half-sib pairs under tte fifth , sixth* ste generations ef 
half*sib xetiiig esn os noit«d out directly from the 

correlation tables, by assunlng additive genetic effects 

and using the produet-noncnt osrrelatioa coefficient 
forsuls. The eorrelation eoaffioisnt ef half-sib pairs 

under tte first ten generations ef half-si o sating ia 

given in table 1.16 and thisecorrelations ere exhibited 

graphically in fig .2 by ourve S»

It  ia apgersnt fvan tte figsre that, as the ntaaber 
of generation Increases, tte earrilatien between half- 
sib pairs alas increases*
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1 . 2  m w r n m m .....

ft i Joint iiililh iliM  of poront ond offspring in tho 

iia tn ilM  of holf*olb nttag with oinglo loouo with 

two ollolos A and o with pyaportlOBo *p* and 'q* ( -  1-p) 
ean bt obtoinod by poising ooo of tho poroats with oa 

off opriai obtoinod froa tho roapootiwo aatlag, out of tho 

aiao typoo of holf«»olb aotlngo# ¥la«, AA x AA, AA x Aa,
AA x oo, Ao x AA, Ao x Ao# Ao x oo# oo x AA, oa x Aa, oaf 
oo x oo* Haw wo eoaoldor tho aatlag hotwoon o f  ixod oiro 

ond hio doughtor, grand-daughtor, oto* Tho goaomtloa 

aotrix in this oooo hoo boon obtoinod Ip Ooorgo (3) oo

1 
0 

0 

0 

0 

0 

0 

0

loooa

*
*
0
0
0
0
0
0
0

0
1
0
0
0
0
0
0
0

0
0
0

i
*
0
0
0
0

0
0
0
0
0
0

0
1

0

0
0
0
0

0
0
0

t
*

0 

0
0 

0 

0 

0 

0 

0 

1

(1.*)

Thuo tho Joint diotri button of poroat»off  spring polro undor
tho ath goaorotioa of holf*olb noting oon ho obtoinod oo< 

2 ^  • 9 9*** « ■ « .rV (1.7)
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:<s) Is the eolusn v n 4»t ef frequencies of parm W fipslai
pairs in tbt 11th generation of half* sib sating sag is  

tbo eolusn vector of frequencies of half* sib sating typos is  

the ««> generation of half*sib aatiagt as already ootalned ia 

section 1#t*

Thus* the eolusn vector of frequencies of half*slb
pairs obtained after rondos sating (i.e ., half-sib sating 

types in the first generation of half-sib sating) la as given 

belovt

POQA

* 5< i*»>

* V
*»2qd*a») 
*p q d **rq )

Ip o ^ io iq )

* p V
*pq2(1eiq)

#t3(1oq)

Q O o r g .

(1.8)

(1) the eolusn vector of frequencies of parent-off springmen Z
pairs in the 1** generation of half<»etb sating can be obtained as

z < D  .  •  o W
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fherafers*

,<1)

0

£pq(1*tp)

94

|pq(1*6q)

0

I m *  

iq * (i^ 5 q )

%XK> 0QC30C

(1.9)

Haase the joint distribution « f  parent-offspring pairs ia ths 
first generation of half*sit astiac ean 9s obtained as given 

ia ths table (1.11)
fata# 1.11

Correlation tabla of pareat»egfepxiag pairs ia ths first
generation of ha&f»sib sating.

Offspring
AA Aa aa fetal

Parent
AA
Aa

aa

|pq(1*6p)
§9*4
94

#94*

|P4<1*4)

* 4* 0 0 4 )

fetal J p O O p ) J n  | « (U 7 4 )

9

2pq

q*

T
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Tha eom litloa w «lfl«tin t M nnb  tha p im t and illapi&at 
In Iht first iflMmttM af *aif-sl* ■•tin* tin n  eUttaaA f  ros 
tha ftPov* tahla usnlng iMIItva pn lt affaet and sealing 

aa* An* m  aa 2* 1* 0 reapeotlraijr* aa

•  O.JOpl <1.10)r <D  
Hus r.o

flm eoluna vaetor of f i n w t l t i  nf half-nit anting typaa 

la tha ia«9Bd generation of half-si* anting in

^ p ( 1*1 1p*30p*a1lt*)

^ p q (3 + 1 ip q )

^wO^op+o*1)

< f) ^ o C fa l6 p q )

^ jp q (1 a 9 v tq 2)  

^ p t (3 a 1 ip t )

.^qO ^t^O q1)

^pqO*11q*30q**Tiq*)

o o o j

• J* and tha eorraiatlott tahle of parent-offapvtag 

pairs in tha aaoond generation of half-si* sating ean *o fanned
fros if** as* Table (1.12)

0 .11)
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Corro&otioa table of peroat-cffspring poiro la  tho ceoon* 
generation of half-el b aotiag

Offeprlng

— " IS  t i l " "

AA 1»(3»27p«J*»2) 1^«{»*JA») 0 1»(1*T»)

Poront Ao £gpg(11‘fr34p) Jn  |^b0(11Ohq) J  P*

oo 0 ^j^PfCMM) j^q(>27qe3bq*) £g(1*?t)

Totol ^(T^*5p) j|_t(7*2Sq)

Hone* tho correlation coefficient between parent-offeprlng 

poiro ia tho eeooad goaorotioa of holf~fllb aotiag con ho directly 

ootoinod froa tho above toble oo9

r<2) •  O.M72 —  (1,12)
H.S p .o

the coltam vector of freqttoaoioo of he3Lf*»aib aotiag types 
in tho third goaorotioa of holf*eib aotiag io
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(assess-

.(3)

^^.43*31» i Mi »*l

t o *

1 ̂ a ( >»> Mta* 128o*)

28pq)loir
^|^qC 30et56**l*H*)

W K

I
*
I
i
I

feooo - J

(1.13)

So the soltm vector of the joint distribution of pareat-effapiliig 

pairs ia the third generation of half*sib acting can ho obtained

z < 3 )  .  g  g ( 3 )
■ e ^ f  _

end «te oorrespondlng eorrelatioa table is as given in table (1.13).
^ 3 )

The correlation coefficient, Ifcr P#0 , of parent-off spring 

pairs in the third generation of M f*e l*  aatiag can be obtained
froo th is table as,

r(3) • 0.7*b8
H.S P.O

  (1.14)



Correlation table ef parant-o ff spring pairs in the third 

generation ef half-sib mating

Offspring

Aa Aa. 0.0. T<yfa.|

AA ^|^(13»67p«**2) o _J|(7*a»)

k w  Aa ^ »«(1>2*a) M pa

aa 0 ^p*(1S*47***Sq2) ^*(7»0<i)

H>UX 1g*<59—9*) g M  ^L4(99—9«)

The mlmm vector of freqaielee ef half-alb mating types 
in tha fourth generation of half-alb anting is*
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w f

1 (1 »1 * »1  * ♦ * > * » * )

1 » aU M **aO *a»a )w r

W H

1 mat im*717i«i MHaVlOHa^)
T O R T

(1 .1 S )

O Q t 3 Q G ! r \1

H m f l W  •  »  0*4)

and tha oorralatlon taolo of p im li^ r^ x la i pairs la 

fourth fanaratlon of half-si to aatlai aaa ha foraad froa 

*“ > aa ilvsB la tahla (1*14)
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Table 1.14

Correlation tede of parent-off spring peire in the fourth generation of half-flit noting.

Offaprlng

- ^ T - n r  — r ------------------ -  - r  r -  r  ,  n r i r ------------------------------------------------------------------------------------ T - -
Aa aa

44 ^ j gB<339*H67p*342p2) 1 PQtaBVV.2a) 0 _lJ,(99+39,)

Parent Aa 1 oo(4M*S4a»)
Wm % r

^^pq(441»542g)

M 0 ^^q (»3e542q ) JJ9*11«7<I*34*»1) ^ t (i9 *3 M )

M d  J^(19S*317»>
» •

193*317^

Hence the correlation ooaffieiont between parent-off spring pairs in ths fourth generation 

of half-si 0 acting can he directly obtained frwa tha euove table aa,

r (4) -  0.7697 —  ( 1. 16)
H*S P.O

ro
CD
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(5)

Tha toltm vaetar af fraquanoiaa of haif~slb Bating typaa 

la tha fifth gaaaratiaa af half-alb Bating ia»

I ■<IW H  HW T a ^ m fa ^ W te 3)
K W

1 » a( w r u w t i m w b 1)
W W i  

s H t t

I I  . f » « t « m i * W » * « i9 a 8 2) ( 1<17)

TfwfT  

TJW T

} 1 ■a(M971**07Oat«192a2)
i i W f
^sJw «l<J»«»*1J**W»«15S6qa«ei92q5) i

^aKfc- o x j

Hanea tha eoluan vactar of fraguianaiaa af parent* off spring 

pairs in tha fifth gaaaratiaa of half-alb Bating aan ba 

obtained aa
m B ! J ^

and tha correapandiag corralatian table can ba famed fran 

I*5* as tabia 1.15.



ImMLm 1.13
Correlation tattt of parent-off spring pairs la ths fifth  ganaratlon of half* sib anting*

Offspring

Total

AA ftj ^ ( ,9°S*4757»»133Qp*)

•rant An ^ ^ a ( 1213*1330a)

aa

1oq(12l5»1530p) 0 *l^(1*M 3l7f)
TOT M2
|̂ |PO ^^ptdMMlSJOQ) ^Jp*

iJJOtr#

Total 1p(91M1129p) 41BH
TOT lo lT

The correlation coefficient, « of parent-off spring pairs la  ths fifth  ganaratlon
H*S 2*0

of half-sih Bating can he obtained directly frtw the correlation table as*

r*5* -  0*8034 —— (1*18)
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In a siailsr Banner, tha j«U t  distribution and tha 

sarrelatisn coefficient lap patent and offspring far ths 
sixth, seventh, ote. ganaratioas of half*sib Bating oan 

ba worked out* Tha earralatiaa coefficients between parent 

and offspring ia tha first tan ganaratiana af half<*aib 

Bating ara givsn in tha hM a (1*1$)* these conrslatlons 

ara also shown graphically la  fig* 1 by cures 1* Fran tha 

figure it is cl tar that as tha nsabar af gaaarstioa 

increases, ths psrsnt offspring aorrslation alas inorassas* 
tfhila oonparing with tha half*sib aorrslation coefficients^ 

it is found that tha psrant*affaprlag correlation is of 
higher order than tha half*sib damnation*



IlfcltJLUi
Correlations of half* sib pairs and parent-off spring airs la tbs first tan generations af

half-sib sating sjrataa.

Half-sib corral ation
Ja ) 0.290 0.309 0.900 0.50* 0.690 0.703 0.766 0.702 0.011 0.036 0.830

H.S H.S

r’arsnt-off spring

oo relation 0.900 0.909 0.667 0.729 0.770 0.009 0.036 0*090 0.070 0.096 0.900
H.S r P.0

tk
Ootai 0 gtatratioB stands for randosi aatlag.

co
co
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1.3

In quantitative fanatic studies, tha correlation 

txtvNn 9M given relative and a nuaoer af Individual a of 
tha other relative la need far predicting tha araadloc 

valua of tha glvan relative* far instance, tha eorralatlon 

Oatwean ana parent and several of Ita off springe provides 
with tha accuracy In predicting tha breeding value of tha 

parent with the help of lt% offspring. It  is a najor 
dot eminent la ineraasing tha reapenee to sal action* She 
behavlo-ir of sueh correlations, especially in Inbred 

populations is not fully known* In this chapter, tha 

correlations between one parent and several of its offspring, 
aa vail aa, both tha parents and several of its offspring 

have bam worked out ia tha linaa of Oeerge and Herein (4), 
for tha first tat generations of half«»sib noting*

ItotiaMfiai ̂ issmma
Ihe theoretical procedure far finding the correlations 

between both the parents end 1 offspring and tha correlation 

between one parent and K offspring are exactly can# as that 
of the autoaonal gene caee for parent-off spring noting and 

full*slb noting explalned by Georgs and Herein (4)*

Consider a single loeue with two s lides A*a# so ib«t 

with additive genetic affect we eeere the values of the 

genotypes AA, Aa* aa as 2,1,0 respectively* Again censldsr
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that there in  K offspring produoad fra i tha aatlnga of 
these genotypes* The soofos of thoso resulting offspring 

la then obtained by adding tho sooros of the Individual 
offspring* It Is then obvieua that tho naxlaua score far 

X offspring is when all tho offspring are of tho typo 

AA* Similarly tho nlnlnus soore of ton offspring will ho 
•OS when all tho offspring aro of tho typo aa* 3o far as 
tha sooros of poronto are ooaeerned, wo have tvw dlstlnot 
eaaos* In one wo oonaldor that tha mm o f scores of two 

parents which will range between 0 and 4 and In tho second 

ease wo consider only tho eooro of one parent* ranging 

between 0 and 2*

1*31 CORRELATION SSTWfcJH

Lot tho frecpeney ef the nine noting types* vis*, AA x AA,
AA x Aa, AA X aa, Aa X AA, Aa x Aa, Aa x aa, aaxAA, aa x Aa,
a x aa ba n ^ .  u*B* w*B> J B> .8 x 11 u22 • U21 • u»  • u H  • • *  11 ,1 0  • u 02 *

u 0̂1 9 U00> r**P»ctiv*iy lh tha gonoratlan of tha given 
ayatan of aoting* Zn ordor to deteralae tho pnababllitlos of 
X offspring In oath of thsaa noting typos wo have to obtain 

tha conditional probabilities of K off apring, given tho 

portloolar typo of noting botwaon two alnHar or two dlaalallar 

honosygotoa, vis*, AA x AA, aa x aa, AA x aa, all tha raaultlng 

off spring will bo of unlfovn type* with probability unity*
In tho oooo of noting between a teaaoygote sad heteresjrgote 

win*, AA x As or ea x Aa, tha resulting offspring ooaglsts sf
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hoaesygotoa and hoteroaygotoa in tho rati* 1«1* fho 

probability generating faaotioa of the mm of tho acorea9 

<^(» •• ^K)t «U l  It £§ (1+*)J v eUUarly ia
tho oooo ef aatlng between toe heterosygotea^ the probability 

generating fuaetloa of ^  t i l l  ho •
0)

Lot Ptjy roproaoat tho Joint probability of tho sua 
of acoroa of both tho poimtot oa a* end score of effaprlag* 
oa y# whore 0 ^  x ^  b oag 0 <r y <  2k. It than foilova,

i f  f  • 0 

if  1 **y $ 2k 

( i ) k i f  0 ^ y *  k

if  k-M < y < 2k 

( i )*  if  0 < y < fc»l

* i?  (^k )  ** r -  *

(* )*  i f  ke1 ^  y ^  rn

i f  0 ^  y ^  te»1

G £ »y ) **** i f  k ^  y ^  »

i f  0 <Ly ^  2to»1 

i f  y -  2k

fheee probabilitlea giro tho bivariate frequency tahlo 

for ohtoiaiag tho oorralatlea botwooa x eng y aa given ia  

table (1*17).

0)
*o *y m tt(a)

*  00
m 0

0)
'n r ■(

* 0
10

p2»y
•

“(3  ( * )
• u» )*u02) *

• ■ i?  C l  )ci)
P3,y • 0

c*>
ai u(» )  «, tt(n) 

21 4 12

% 7 • 0

• tt(*)22



.tftjftfJfJZ
klvarlato taULa for tha aOaoluta probabilities of tha aaoraa of both tha poront* and k offspring

0  v >

H»t«l

1 ...
Sear* of tha offspring 

k • • •

0 »• •

0 ••• 

ka r2 k '

• • a

...

1 <*>k(,So<̂»i> (Hk(? ) (*w ^ i>“<wk(J)<,So% i)—

2k-l Iktal

* t a *22

< » *  ( * . , )  * «  « * > % i

0 •  * IO * V l

0 o «bo

CO
'si
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Tho correlation coefficient between both tho parents 

and k offspring ean bo eeleulated using tho pro<luot nooont 
formula for oorralatlen oooffioioat by calculating X  Is, Sfx*t 

I fy , s fy2 ond ^fxy fn a  M o  tablo os,

S L fA  1faM«Wt,**»a#< *S t *S 1<« 10**llb24,H>1 . . . .  (1.20)

^ f r  -  n  —  ( n a i )

x f A  *k*»*ja » k ( » i l > 11 ,  ♦

• « .  (1 .M )

* * * •  k  O * *  ^ ♦ * t o ^ i * ^ i * * « i o * il,W * ao i] • • • <1*®>

from thooo tho varlaaoe of i| variance of jf and tho oevarlaaee
of x ond y oaa b« worked out, and thus tho eorrolatloa ooofficiont
between tho oooroo x and f  In both tho parents and k offapring 

oaa bo obtoinod aa*

* £ >  -  M BiM O l (1 . * >

v(x)nr<y)

Tho eoluaa voetora of frsqpteaelee of niao aatlag typaa 

la tho first, second, third ete« goaoratleaa of half-el b natiag 

have already boon drived free firat principles, under 
aoction (1*1) Nov tho bivarlato table of absolute probabilities 

of tha seores of both tho parents and k offspring under tho firat 

generation of half-sib noting ean bo obtained by substituting
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tho values ttm  (1.§) ia table (1.18). Hmb« tha valuta
of £**♦ 2 f«*  ^ fy , Sfy*# S fk f and tho oorrolation
oooffleioat between tho seoree of both tho parents and k
offspring, (2,k), ia tho first generation of half*

8*3 P.O
sih aatiag can o« worked oat using tho foraulao givon in 

(1.19), (1.20), (1*21)* (1.22), (1*23) and (1.24) respectively*

***** r<1) (2,k) -  / f t  . . .  (1.25)
h#s P.O y

Sisilarly, hr repeating tho above proeoaa we can obtain

H.Sr^pio^2**) for *  * 2» 3, t  at* by substituting tho vootors

jl< 2 )# j ( 3 ) # y (4 ) #t0# given ia (1*t1), (1.13), (1.15) 

rospoetlvoly in tho foraulao (1.19), (1.20), (1.21),(1.22), 
(1.23), and (1*24).

Tho oorrolation eooffloioat botwaon both tho parents 
and k offspring in tho first ton generations ef half-sib 

sating is given la tablo (1*13).
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Tattle 1 «1 t

Correlation between bath tha parent* and k offspring in tha first
tan ganarations af half-alt sating.

Generation
a

coeffieleat
Correlation / 1c / 3k, AJfflU. / ^ ?>L  /iJH lLr-

Toe v w S B i ViSmTE vlWoJBw

' 2333k..  /  10103k /  45173kCTTSBE V8 R T O T  v SBKSStJirJI

^ igfttTk   / f i i yof t k ^ T "  /  Mdtootk
385wiSaw7l v 10»1O*704909k V 205214a91S4009k

Satai 0tt ganaratlon stands for rondos noting.
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It la iBttnattfii to note that tha correlation 

ooafflolants ara of tha fan* 1 phara, a is  a

s * T ~

fraction changing with a, la tha font of tha following 

aariaa

“  ¥  #  % *  #  8 1 1 ..............
By giving different valuaa ta li frea 1 to 10, tha aorralatlaa 

coefficient batwaaa hath tha parante and H off spring hara 

oaaa worked oat aa givea la ttttt (1*19). These oorrelatlaaa 

ara graphically exhibited la figure 3# which giv«a tha trah  

of tha aorralatlaa whaa tha aaahar of offspring varies far 

a particular generation* Tha flgura iadleataa that tha 

oorralatioa laoreaaea vary rapidly for asailar valaaa af 
k« ia* * whan k • 1 to 4, aad far farther valuaa of k, 
tho laeraaaa la oorralatioa la  vary negligible. Further, 
thara la no sigalflaaBt laeraaaa la aorralatlaa beyond tha 

7®1 gaaaratloa of half-alh aetlag, far a ll valuaa af k«



Itfftt 1*31
CtmAflftlMUi hstwawa both tha parmtt and k offspring whan k • 1 to 10, for tho flrat 10

ganmratlens of half*alb mating.

Genoration
(a) i 2 3 4 5 6 7 8 9 10

0 0.707 0*817 0*866 0*894 0.913 0.926 0.953 0*946 0*949 0.953
1 0*745 3*845 6*889 0.913 0*928 0*939 0*947 0.953 0*998 0*962
2 0*801 0*884 0*918 0.937 0*948 0*956 0*962 0*967 0*970 0*973
3 0*837 0*908 0*936 0*951 0*960 0*966 0.971 0.974 0.977 0*979
4 0*865 0*925 0*948 0*960 0*9678 0.973 0*977 0*980 0*982 0*984
3 0*887 0*938 0*998 0*968 0*964 0*978 0*981 0*983 0*985 0*987
6 0*904 0*948 0*965 0.973 0*976 0*982 0*984 0*986 0*998 0*989
7 0*918 0*957 0*970 0.978 .0*982 0*985 0*937 0*989 0*990 0.991
8 0.930 0.963 0.975 0*981 0*985 0*987 0*989 0*990 0*991 0*992
9 0*939 0*968 0*979 0*984 0*987 0*989 0*991 0*992 0.993 0*993

10 0*947 0.973 * 0*982 0*986 0.989 0.991 0*992 0*993 0*994 0*994

M)
notof 0 generation stands for randon Bating.
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1.52 CQRRELAttQl JBW BLqilJaLM .

Za ordor to work out tbo corrolotion botwosa oao of Ite 

poront* and k offspring for vbidb thlo poront is to—on# wo boro 

to pool tho proboOllitlss for throo typos of »itta| involving o 

oo—oa poront. Lot roprssont tho Joint distribution of
tho ooort of o— poront a n  tad oooro of offopriag oo y, wboro 

0  ̂ x  ̂ 2 and 0  ̂ y  ̂2k. It thoa follows*
C2.)

•  « (0i (*)k ♦ i f  y • 0

* c if  1 £ f  W

-  <§)k <4?̂  4? i f  y «  k
m 0 if  ko1 a  1

-  ( f ) u>ai “ii) 4 ( * ) i f  O s; y ^  k-1

if  y »  k

.  ( * ) ( * > *  »<?> if  k*t ^ y ^ m

***T • 0 i f  O^y ^  k-1

if  y • k
- ( i , ) “(Si i f  koi < f < m*i
• (*)k «(“> * i f  y - 2k

Zbooo p— babilitloo giro tbo bivortsto frwqusnoy tofelo for 

obtoialag tbo oorrolotieao botwosa a tad y oo givoa la  tools (1.20).



ffcttu i»aa

■IvtriaU table for the absolute probabilities of the scores of one of the parents and k offspring

Score of the of fa ring
* Total

0 • • • (W*(J|)*ai*ttao ••• ( » )k “22^ *1 *“a>

( i ) k ( ^ ) “ i i  *  

( i r

•  (* )k /k) v »  ••* <4)K*W N o***

( i )  ( 2 - i T

<r>k ( i ) " 1*

*** * 11*  

C i)k

0

to ta l

•u
&
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mo ooirolatlon ooefflelonta toetweon oao of the parents 
•ad k offspring can to* o»loulat*d In the sane way u  la 

section 1.H tor saXsuletlag ^fa, sfa2, i ly , s ir* and stay 

f iw  this table ait

£ fa  •  ( 1 * * )

£fa* • Mttgg+ttjn+ttjg) ♦ « t t ^ i^ io  d ** f)

'" W j f c l  (1.2S)

x«r* -  « I1« A t, * i ^ t D » 1#*

-  <* “a »S “ ai*a^D »|S I^ 1» ^ S t  <1* * »

f r a  the a* tm vailiBM d i a l  v t fia a i car r  a d  tas 

oovarlanee bitiNB a sad y can toe wsifced cat# and then Hat 
correlation tototweaa the scores of a and f  la  «m parent and 

a offaprlaf ease can to* etotalnad as,

«<*> .  a s o J j a l  (,.M)
v(x)xr<r)

Nm  the correlation a d f l a t a d ^ ^ d i D i  hatessn 

one of the parents and k offspring la  tils a** gaawniien of 

half-alb aatlag tan too atotalasd top eabatltutiag the 0 ^  

esluea (already ototalaod la  aastlsa 1*1) la  tatols (1«21)«
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The v ilM f i f  i f i !  stx?9 sfxy, sfjr* m i sfsy i n  found 

cut in m h  generation by using, the i f i i i iM i  (1*26), (1.27), 

i1*SS)9 (1 *9 ) MUl (1»30) respectively sad m y t lit lM  

m f l l i lM i  Is  calculated using the foraula (1.31).

f)w correlation m f f l i im t  bct«Me m i  of tbo parents 

and k offspring worked out in this way, for th# firs t  fir s  

ton generations of half-sib mating sro given in table (1*21)

It  nay bo noted that t ie correlations when k •  1, fa r  

different generations are exactly the sane as that of one 

parent one offspring eorreletions under half-sib anting already 

obtained in seetion (1*2) Further, the eorralstien coefficient
4

in different generations are of the fern —  "■* —■   ,
/ « *  g  )

where b and e are fraetiene changing with 9n* in the few  

of the following aeries*

“  h  « •  e  *  » •  •••

‘ ' ( ■ I V t l ' "
Giving different values to k* frun 1 to 10, the eorrdsilea  

eoeffieients between one of the parents and offspring have 

bean worked out as given in table (1*22). these correlations 

are exhibited graphically in Figure 4* Here else, as in 

the previous ease, the eorrdatica increases as oat the 

amber of generations and k, the anchor o f offspring, 

increases*
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tk tti t«H

Corralatloa It twiw ana parant and k offspring In tho f i r s t  tan 
ganaratlons «f h alf*sit noting.

(4SSMMI

Can oration
U>

Corrolation It  -.1    - gfll t  -
•osffisiont  _  r      —~ ■ >..... ■.. ......

j n ) M /mCMO /m { v » 2 3 n A w s M t n )

- g ^ 7 F 5 8 E )  ' j a m ,  —  —  - ....m a a n -  ..................

*  / » n <  $w k*m ») / 1  iatak( g&notostt

,... -fiaxzaii   — .   ■ttt̂ azaxt.
v/4945at(ll04^3173k) >/aM60li( am oaM m O

19

31100911
>/S**!ft6k( 1Oa0H71**lt) /^67676k( 363314^11001)

1 ^ 1  g** gonaratlon stands far randoa sating*



***** 1- »
CwraUtlMis bttvMi om pirmt and It offapriag dun k •  1 to 10. for thn first tan geairstloat

of half-si t> anting*

on Hub?o*r of erf spring (k)
(a) 1 2 3 4 3 6 7 8 9 19

0 0.999 0.377 0*612 0*632 0*646 0*699 0*661 0*667 0*671 0*674
1 0*399 0*669 0*702 0*722 0.734 0.743 0.749 0.794 0.798 0*760
2 0*697 0*796 0.763 0*790 0.790 0*797 0*802 0*806 0*909 0*911
3 0*729 0*796 0*910 0*829 0*891 0.837 0*941 0*844 0.946 8*819
4 0.770 0*989 0*944 0*833 0*961 0*966 0*969 0*872 0.974 0*979
f 0*999 0.832 0*970 0*979 0*993 0*998 0*891 0*893 0*999 0*996
1 0*99% 0*981 0*990 0*899 0*909 0*906 0*908 0*910 0*912 0.913
7 0*999 0*994 0*907- 4 0*913 0*917 0*921 0*922 0*924 0*929 0*926
9 0*879 0*909 0*920 0*926 0*929 * 0*932 0*934 0.935 0*936 0.937
9 0*994 0*921 0.931 0*936 0.999 0*941 0.943 0*944 0.943 0*945

10 0*908 0*932 0*941 0*943 0*949 0.949 0*991 0*992 0*932 0*933

Mo tat 0*  8« t r s t l «  stands for randoa sating*
00
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Ghsptor S

For w%oaoBal g«nsa,tha oom litiw i of tbs dlffsrsat 

partnt-offaprlng pairs art tho m o ,a ll M as half on* ths 
eorrslatisas of dlffarsnt half*slb pairs also* aro ths ip « ,  
all M as on* fourth* For asa-ilakad Sanaa* tswv«r» ths 

aapaaotrloal ohioaoaeaal ooaplaaaat of salsa and faaalos 

safcas It wosssaty to distinguish ths ssxss of tho rolativas* 
fhus# la tho ssa-llnksd gsna sass* thoro aro thrso kinds of 
half»stb pairs* via*, orothsr»slstar9 brothsr»brsthor sad 

stator* sistor* Likowiso thsrs aro four kinds of paront* 
off spring pairs sis** aothor* Sanshtsr* aothsn»aon fathor* 
Soughtor sad fathsr-son* tho sorrslatlona of ths dlffsrsat 

half-alb pairs and thosa of dlffsrmt parant-offspring pair* 
ars oonaidorsd bars ssporaMr*

a.i cownLtmaw or m rrauaa pairs u«ma h uj- . i i

In the mm at *h» m -U lM  i n  t*o, th* gwcntlM
i

aatrlx for half-alb pairs ism t  ho oaslly sbtalnsd* m tho 

asthoS adoptad la ths autsstM gsns oaas has to bo axtandod 

to tho daaos of saMiafcsd gaoas idth slight aodlflsatloas 

oharastsristis of a ssa»ltakod sharastsr*

Saa-llnkod gaaos ars thoas looatsd on ssn-shroaoasaas* 
va shall ooasidsr ths aaao of a siagla loous with too allalaa, 
say* k aai a* 1st tha hoasgcaotto typo (AA, Aa or as) hs



5 0

f«aalas wd tha IwtniMtttd type (A »r a) da aalas* Haw# 
thara will ba als anting typos* vis* M s A, AA x a» Aa x A,
As x a* aa x A and aa x a* As dafara bi«ia six typaa of 
aatlng with appropriate fraquanslss ara llotad* Tha pm aHlltiH  
of tha various ooadiaatlsas ara graupad together. Obviously, 
thara la no correlation batwaan faEfebor and son in tha aa aa af 
a aa*»llnkad aharastar, alaoa tha aoa raaalvaa hi a fatbor'a 
f tbraaoaaaa. tha eorrelatlta far aether-daughter pair la 
tha aoaa as that af para«*t*off grlag pair la tha aaaa af 
autoaaaal gaaaa exeapt far a ahlft bp ana generation. Tha 
two oorrelatlon» far fathatwiaajbtar pair and Botteer»een pair 
ara tha aaaa*

Va ahill ba daallng with tba oerralatlooa of diffaraat 
typaa af half*alb palra separately*
2*11 g m i i i :  fifflp  ffiymymy

Tba joint dlstiibutUa af brather»alater pairs nadar 
randoo aatlng aan ba abtalaad aa ftUaia* Canaldar a alnila 
loans with two allalas A and a with proportions p and g» 
respactlvely. Than it nap ba vsriflsd that tha populatlan

In equilibrium undar panalxla* thus in a randoa aatlng 
population tha aanatltutlea af tha aala aan ba A or a* Lot 
this aala ba A* Mow tha proportlaa af tba balf*alba abtalaad



after randan astiai un N  ebtalned bp mb^4m1b( the utlac  

tutvNA A (9) and man ef the feaales AA Cp2)9 As (Ipq) and 

m (q*) in populatlen, aa

A (9* AA ♦ 29Q Aa ♦ q2 aa) •  |p AA « |q At ♦ A ♦ |q •
Mow let the nale he a* then the proportion of half-alba 

correaponding to the 010.0 e M fe t  obtained ae9

o (p2 AA ♦ Pit Aa ♦ q2 aa) • ip Aa ♦ Iq aa ♦ ip M lq a 
eonbining the above two oases* we get the table of the 
proportion! of half* el be far the different eonetlttttlena of 
the aale ae given in tafe&e (2.1).

Table a»t
Half-albs

AA Aa aa A a

A ip §q 0 ip Iq

Melee a 0 ip iq ip iq

Mew considering ell the hethnedlittr (half-albs) pairs under 
eaeh aalev we get the pnptrhm ef brother* sistar pairs 
under aaeh sale aa given in table (1*2)

Telle h i

Brother* eieter pair*
(A* aa) (a9 Aa) (A* ee) (a* AA) (A* Aa) (otto)

A(p) |p* §pq 0 ipq it* ®
Males aCq) o ip2 Ipq o Ipq Iq2
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Hmii tho Joint 4U lr lb a ll«  of hv*thor»slotor pairs 

undor rsndon noting mo to ohtolnod Of pooling tho oorrospsnding 

pairs Df vsighting vitt p and q rasp octivoljr, no gtron in 

tablo 2«5
TQM.O L i

'gfed * 4 ^ 0stator

M An on Total

A IpV lot2 I f
Bpothor

• |p2t apt It5 I t

TOtol ip* loo It2 1

Stoadorilalag tho ahova tohla so that tho ooliaut totals

os woU os row totals odd opto unity* wo can writs down
tho oorrolotioa tatalo as toild t»l*

Tahlo 2.4

Standarftisod correlation tahlo of hrothar-aistar pairs wador
randan noting

•lotor
AA Aa ao TOtol

A P3 f t2 P
Brothor o f 2t 1 t3 t

total »a %t t2 1
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The torrtlitlM  ef tovthiM tiltr

pairs after ran dsn atttai ean is calculated directly
f r a  tin stars oorrelatien U tt«i assuming additlvi genetis 

effects and by using the product noneut fesnula far 

eorreiatiro coefficients as.

r*°* •  0 —  ( 1. 1 )
H.S B.g

This ssrs oorrslation is quite logical sines, in the 

esss of sea-linked gsnss the sea receives his father’s 

y chroaosoas sad ths different fcnale parents in the randan 

anting population are aon-eemlated.

Ths joint distribution of brother*sister pairs under 
ths first gensratiea ef half-sib noting can be obtained 

directly by eonsidsring the different lines as felloes.
There are tee lines in this eaSet line ( i )  corresponding 

to the nale A with proportion p end with the genotypic 

array of hslf-sibs as

(jfP  AA ♦ |q Aa ♦ ip A ♦ ig e } 
and lira  ( i i )  oorreaponding to the nale a with proportion 

q and with the genotypic array ef half* si bs as 

(jkp Aae|qea<* ipAe  iq a/)
The proeedure consists of finding a two-way table of the 

f  requeneies of brother-sister pairs corresponding to esoh 

line and thro pooling these tables to get the joint 

distribution of brother-sister pairs by weighting thro with 

tho proportions of the oorrsapendtng linos. In the first
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(•M ntioa of knthtfbAaltr aatlng* tbo atandardiaa* 
two-way tabioa of brotfeN*»l«t#r pairs ©erraaponding 

to lino (I ) an* 11a© ( 1 1 ) "mm W obtain©* it  glvoa la 

tatt* ( 2*9) M i toMLo ( 2.1 ) roapootlvoly*

si©tor
aa Aa •• Total

A to ll**)*  H d + »)d *% ) iq2d *t ) *

Brwtfeor • ioqd*©) W ^ 1o%) It3 *

Total *p(1*t) 1

AA

Tahlo 2.1 

31ator 
Aa aa total

A * i3 Ip^ioat) ipqd^q) »
Brotbor a *22<1«>q) lp(nq)(1*tq) iqd*q)2 q

total it2 toH+W l t (1^q) 1

Row tho Joist distribution of t l»  brothop»siatar polro aafar 
th© first gaaoratioa of b M tM M itir  oaUag oaa to obtain©* 
by pool lag thoao two-way tabloo aftar ©sighting taa  with 

p «ul q roapoctlwaly, aa glwoa la totlo ( 2.7 ).
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C im littfB  tablo of lr iiM P »« iit tr  polro indtr tho fir s t  
gonoratioB « f  half* sib u tla t*

aistor
AA As so TOtol

A *p2(1*3p) ipq(1*6p)

Snothar s |p2q ipq(l*4q)

Iw 1

*A i*3 q )

M o l

Tits oorrolation oooffieisnt, « botwoon b »th «w
M A S

si i t  or pairs undor tho f ir s t  jw n it tw  of bio thor»ai star 

sstia f soft bo A m u r  obtains* frss tho abovo oorrolation 

tablo as
0.1766 —  (2.1)jXD 

H.S S.S

In a sia ilar nanaor, tho Joint distribution of brothar- 

sistor pairs undor tho soooad gonaration of half~sib anting 

son ho obtaiaod. Horo thoro aro four linos to ho oonsldorod. 

Thoso four linos tort eosio fwm tho too linos of tho provisos 

gonaration, ia .» two frsn omI* *p pooling a ll tho tm nay 

tahlos obtainod fraa thoso linas hr oaighting than with 

approprlato weights wo son got tho fin a l atandardissd 

aarrolatiso tablo fo r tho bfothar»aistor pairs undor ths 

isooad gonoratlon of half*sih sating as givan in tablo (2 .6 ).
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C om lillM  tahla of pairs undar tin saaand
ganaratlon at half-sib sating#

Siatar

aa Aa aa fatal

a |pq(J*8p) ^|ptOi*q) a

Brother a ^ jp a O U p ) £pt(3*8q) a

fatal |M  |t<1*7q) 1

fa* oorralation ooaffleleot, f botuaas brother*
8*8 B*S

sister pairs under tin second gassratlen at half-si a sating 

ean ba diraetly obtained fn a  tin aarralatioa table as,

r(2) -  o<917 — (a.3)
H.s fl.s

In ths m m  asoikar, ths aaralatioa table for brother* 
si star paira uadar tha third lawntloB of half-si a sating 

ean ba abtainad by considering tha sight lines* obtained, 
froa tha four linaa af tits previous generation, tua froa aash* 
By pooling tha tife-vay tablaa corresponding to tha diffarast 

linaa by weighting than properly, tha aarralatiaa tobla far 

tha brothar-sistar paira uadar tha third ganaratlon af half- 
alb sating ean ba abtainad as Is tat&a (2.9).
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Carralation talHa af brathar-slstar pairs undar tha third 

gn tra ttis  af ia lf»s ib  sating.

Siatar

AA As aa Total

A ^p(21alAtp4®6p2) ^ P «t9 M ip >  ^pq(55*86q) p

Brothar a ^ aq(35»j6p) ^|^qC37a«6q) j^(21+1t9q» ^

«»«* )

Thtal ^jp(7a23p)

Tha correlation eaafflolant; r ^  « af brathar»sistar pairs
H#3 '1 *8.

undar tha third gsaaratiaa af half*sih aatiag aan ba abtaiaad as#

r (3) -  0. 1*0)  —  (a.*)
H.3 B.3

Proeaading in a similar manner, tha correlation aaaffleiant 

batwaan brothar-si star pairs uatfir tha fourth, fifth , sixth etc., 

generations aan ba fbund out* Tha oarralatlon ooaffieiant af 

brother*sistar pairs far tha fir s t  tan generations af half*sib 

■sting is  given in tabla (2.27)*
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2.12

9k« procedure of shtgtwtng tho joint distribution of 
brother*brother p ilrt undor different generations of half-sib 

mating is sln llar to toot w  followod in tho ooso of brothor* 
slstor pairs in section 2*1 1*

Tho tablo of proportions Of hslf-slbs for the different 
oonstltutions tho mole undor rtndsn hating has already boon 

obtains* in amotion 2*11 (Tablo 2*1). From this tablo, tho 

proportions of tho four typos of brother-brothar pairs undor 
aaoh mala undor randan noting son ho ohtoinod os given in 

tobio ( 2*10).

Honoa tho joint distribution of brsthor-brsthor pairs 

undor randan natiag can bo obtains* bp pooling tho 

oerrasponding pairs by weighting with p or q according as 

too nolo la A or a, as giro* In totto (2.11),

Tablo g.ill

Brother-Brother pairs

(A*A) (A, a) (a , A) (a , a)

ip f IP*

4pg 4p*
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mW w iM f •

■ Mtal

A to* «M  to
Brother 1

a i n  h *  i «

Total

Standardising the iMvt ftittt «  that the row totals 

as wall as tbo coluon totals add opto unity, wo ean write 

down tha correlation totals os to totals ( 2*12)*

Standardised correlation totals of brother-tarother pairs o r t f
rendoo 

Brother t 

A a fatal

Brother 1
s pq q*

TOtel
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Mow tho M lrti of conditional p ithM littti

* « »  
*US~ B.B

M(0) 
H.S *  B»B

where, l 22 9

H.S B.B
of brether*»brother paln i i l i r  rondos anting oaa ho wrlttoa

down oo _
t*\ f  p 4

and this ooo ho

split as a function of { g  and g g  (as defined by LI) os

*  loo f  (* •
'1 o l f - p  q

* * £ • * *
.0 1 J ®  L »  «

Now tho oorrolation hotwaon brothei^orother pairs under 
randea noting can ho ealosileted Mr owing tho technique
developed by LI and soaks (1996) as

• % ■» * < w k> -•

whoro rx -  1 and rQ • 0 («^ and *q aro tho oorrolatioa

eoofflclont caleulatod froo tho two-way tab!os obtained 

by aultlplyiag tho rows of 1^  and 0 ^  by p and 4 reayeetliroIjr^

Heaoe, wo got

3ht set* oorrolation of brother*brother pairs under ran dm 

aattng is because of tho faot that the son receives his 

fathers y*ehroaooooe»
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Dm joint d iitv llillM  ef brothor-brsther poirs uadtr 
tho first generation of holf»olb noting eon ho obtsinsd hr 
considering tho too lines in this generation -  lino ( 1 ) 
corroopoadlng to Dm m U  A and lino ( 11 ) corresponding to 

Dm nolo t* Shot oo 1m Dm oooo of h»D«n>aiitor poire* 
tho procedure const sto of finding o two-way table of 
froqiMBOloo of Drothei'-hrother polro corresponding to eooh 

lino end then pooling those tables by weighting then with 

the corresponding proportions (p or q) of the different 
lines* to get the joint distribution ef hnother»brother 
pairs*

Die stsndsrdised two-way tobies of frequencies of brother*
brother poire oorrooponding to lino ( 1 ) and 11ns ( 11 ) are

• .

obtained os given in tobies ( 2*1$) and (2*14) respsotivoly*

A a

A
Brothsr 2

K lb f ) 1 Ki+ p)q

HCtdf) |q2



I ■  W WI

A fa* M l* * }

Brother 1

• *p(1tg) !<*♦*>*

Mow tho joint distribution of tho brother-brothor 

pairs undor too f ir s t  ganerstlen of half-sib aetlng o«n bo 

obtained by pooling thoso two two-way tables by weighting 

then with p nod q respeotivoly, as glvsn la  table (2*15).

Correlation table of brothsn-bratosr pairs under too fir s t  

gsnorstlon of half-sib sating 

Brotoor i  

A n total

A *p(1*3p) fqp
Brothsr 1

a fpq iq<1*3q)

total p
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Mtrix H*1* of oonlitlo—i prohohUltloo of 
8*3 3.1

hrothoi**fcrothorpolra uwiir th* first gonoratloaa of half-ait

•itiB i oaa lo writtoa 4h b  oo

H.3 il#S*
la

and this m d  A* aapraaaad a *
Mci)

ms ~ s. 1
•  I 1

o
0

1
♦ I

M m  ♦
f C, .  *

r*1* • C^r* ♦ (!*€«)%
N . S  1 . 3  1 1  1 0

0.13 (mi)
In tho ooooad of h i l f .i l l  b iI U s thoro or*

four liaos to to oonaliorod. Ijr pool lot «11 tho two-way 

tabloa obtain#* trm  thooo llnoo ijr weighting properly, 
wo eon got tho final oorrelatlea tohlo of Orether»fcr»ther 
palra in tho ooeond of W . i l l  noting aa given
la t«8 «  (2.13).
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C im IiIIm i tittt ef m UiMftfhir piln undor Um  m o m A
goaoratlon of half~slb m U b i

fhmm -frla mm <HXSVVMHT X
A 0 Ibtoi

A ^o(5»11o)

Brothor 1

* # "

Tbtal p *  1

than tho M Uix R*2* , of conditional prshiMLUUti
h*s a»»

of brother* brother pairs M r  tho saooafl generation of 
haXf«sih noting oan bo obtainod as

g<2)
H.S ~ B.B,

and thla eon bo espreosed on
„ (*

H*g ~ B.B

# » » p >  #  %

W  t f * " " 0

mmwwf V
*
r ^  -  C,

H«S B,B 1
©*ffS —  (2,7)



M*Vf of ter finding not the two»woy tohlee of frogoeaelee 

of tnothef*hrether p «in  ooxreopending to tho olght linee 

in tho third generation of ii»tho*»dleter noting* ond 

pooling thoa Of weighting with tho ooroeopondlng proportion*, 
tho eorreletien tohlo of bnether-brotiier poiro undor tho 

ttiM  gonorotion of itdXf»nlh noting eon ho obtoinod no given 

in tohlo (2.17).

Corrolotion tohlo of brothen*hrether poire undor tho third
gonorotion i f  helf*»eib noting

iinthor 2

A Total

A P

Brother 1

o

TOtel P 1

r it * 8 q

which eon ho ohpreeeed no
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fiisrstsrs,
S*5* m C. 

H.S 0.B *

f i  "
0.391 —  ( 8.S)

PrMMtflag i liiliia fi tha MrrtlttloB tiBl* of brothar- 
brathar pairs undar dlffaraat gananttona of half-alb sating 

and eorraspoadlng conditional probability aatrieas tharafiaa 

oaa ba »M «M *  

la gaaaral,

H.S S.B

and
r ^  • CL 

H,S S.B *

ahara
Cm -  0, | 9 5/16, 15/64, 117/236, 529/1014, 2533/4096, ...

for a • 0, 1, 2, 5, 4, 3, 6, oto.

fha eorralatioB ooaffleiaata af bwthar-brother pairs undar 
tba first taa faaoratloaa af balf»alb aatiac la aa ( l m  in 

tablo (2.27). fliasa eorralaUaaa ara rapnsaatad graphisally
In Fig,5 by surra (2).
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Dm  aothed o f ooaotrsotlon of tho oorrolation 

of oiotoF»siotor poiro uadar tho different generations of 

hdf»o lh  noting lo  exactly tho m m  oo in tho cooo of IwoDmp* 

olotor «M  Mother-brother pairs, with o blight difference 

that, here oo palr oooh faoole oith oooh of her half-aieters 

Instead of fetalng brothen-oieter poiro or Metber»bvither pairs 

oo ooo done in tho foroor too aaatieas 0*11) out (2.12).

tho proportions of tho olao typos of aistor»slstor 
poiro under oooh able undor randan Mating can ho obtained 

oo given in table (2.10).

 : |__ | ^ Sistofwoistor pairs

(AAtAA)(AAf Ao)(M»oo)(Ao*AA)(Aa»Ao)(Ao«ao)(oo»AA)(oOf Ao) ( 00, 00)

2*15

*  |p * |pq 0  ipq I t *  0  0  0  0
(P)

Kolos

a
0  0  0  0  Ip * Ipq 0  Ipq Iq *

Hbaoe tho joint distribution of slater-sister poiro undor 
randon anting om ho ohtoinod bp pooling tho corresponding poiro 

bp weighting with p or q oceerdtag M tho aolo is a or a. os
given in tohlo ( 2.19).



AA
a u n r  2

Aa aa

68

fetal

AA |p3 tp\ 0 *»*
M ittr 1

A* ip2q *pq W ip *
M 0 *pq2 it 3

Total Jf2 i t 2 *

^ •d c N iiU s  tiM abova li l lc  to that tha row totals
aa wall aa tha coluon totals add opto unity, «a ean writs
down tha oorralation tahla as givw la ( 2. 20).

S.SII
Corralatims ta&a oi  slsts«t»slstsr pairs uadar randoa aatlng

siatar 2

AA As aa Shtal

AA p3 . A 0 p2
31 star 1 Aa p2q P* at2 apt

aa 0 P* 2 «> 2«

®ital p2 H t 1
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The correlation oeaf flat eat, r*°* , of deter-deter
11*3 3 .3

pairs under randan noting nan N  cdculated from the aoove 

table by eeeuolng additive genotio off cote and udng the 

product accent correlation inefficient foimula cc

r(o) *  | — ( 2*9 )
H*S 3 *3

The pctemd half-detars under randon mating poaccca a 

ccnncn gene received from their cnwion nale parent, hence a 

correlation of half*

Hoe, the etanderdleed two*way table of frequandes af 
detefwdatcr poire correepondlng to the tec linee ( 1 ) and 

(11) In the first generation of h d f-d b  Bating eon ho 
ehtdncd do given la tedea ( 2*1 1 ) end (2,22) respectively*

Trnblm 1 .1 1

deter 2 

AA Ac on

AA ipO+p)2 ip*0*p) 0

deter 1 Ac ipqO*p) tqCtely) iq*(lep)

ao 0  iq^lep) I q3
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flitter 2 

AA Aa aa

AA

Sister 1 Aa tp2<1*q) f»d*Sq) §aqd*<i)

as 0 I  gqCteq) iqdaq)*

ftia joint distribution of ilil«p>i|at*r pairs undsr tho 

first gansration of half-sib Bating mm te obtains* toy pMlisf 
thaaa too two-way tab&ss by wsiglKtlag tbaa with p and q 

rsspoetlvoly, aa giwsn in lifeU (2*29)•

Correlation tsbla of sisten»slater pairs under tha first
generation of half-sib Bating 

81 star 2

AA Aa aa T»tal

AA i » S 0 P2

Sister 1 Aa « * n -
t* . 2

as 0 w i « 2(i* )a ) a2

tetal p* *p« a2 1
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tbs oorrslatisa MUfitient, r(1) * of si Stsr-
H.3 3*S

sister pairs under tbs first feneration sf half-ai to sating 

saa be ealeulated fisa tb* *twv* sorrslatis* table* using 

promts* sonant correlation coefficient fonnula as*

Tha correlation taUL* *f sister-sister pairs uadsr 
tbs second feneration sf M M k  sating sen os obtained 

toy pooling tbs too-wajr tattoo corresponding to tb* four 
linos after weighting then praperljr. It Is as giron la  

tablo t2*2t).

Correlation table of sistar*sister pairs under tbs ssssad
gsnorstloa ef half-sib satin* 

motor I

•  i
• 0*625

SUS S*8

Ŝ Sb

Sister 1

ss 0 |^*(5el6*} ^q<1e15^t6*a)

1
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Hanes the co rre latio n  o o efflo len t, r * 2* • ef sla te r*
H*s 8*3

slater pairs under the is land fa e ra tlon e f half-alb aatlag 

ean as obtained froa the share correlation taole, using 

produet aoaaat correlation eesfflaleat foxaula as

the correlation taola of slater»sieter pairs under 

the third generation ef half-alb aatlag ean he ohtained hr 

peeling the two-way tables of fragasneies ef al star* si star 

pairs serrenpondlng to each of the sight lines In the third 

generation, after weighting then properly, aa giwan la  

table (2*23)

Corral at ioa tab le ef a ie ta r> slstsr po ire under the m id

(2.11)

made l »

generation ef hslfwslb noting

AA
31 star 2 

da to ta l
2 0

Plater 1
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A * oorreletlon oeefflelaat, § of sister-elsterK.s %a
poiro undor tho third gaasrotlon of half-alb noting oon bo 

obtained directly fron thlo correlation table, uolng pnOiit 

aonont corrolotlon oooffieiont fonmla os

r(3) .  q#75 —  ( 2. 12)
H«d S.S

Proceeding similarly, tho oorrdlotlono coefficients 

ef |l«iap>«iitor poiro la  tho fearth, fifth , sixth, . . . . .  

generations of helf-aib ootiiig son ho obtained. Tho 

correlation coeffidents la  tho f ir s t  ton generations of 

helf-eib noting ore os given In Mho (2.27). Those 

correlations are exhibited graphically in Fig*5 by curve (3 ).
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2»2 IP OrfBPfiltjQ UMDSR HALT>3lfl 

iMMS iTgBI

George <1974) Mae derived the generation a itrliH  for 

the vtfioui parent-offspring pairs in the iw * li i l« i  g«M oaai 
vis* 9 *otber»datighterv nether' sen# father»dsughter mA father* 
ssn and has obtains* tha joist distribution and eorre&atlon 

eosfflolsnts undar tha diffemt generations af full*sib sating 

and parant*sff spring sating ^staa* Wars an attsspt is aada 
ta sxtsad tha use e f these ganeratias satriaea far obtaining 

tha eerralatioa coefficients af the variaiaa parent-offspring 

pairs in the sen-linked gsne ease under tha half-sib sating 

syatsn e f inbraeding*

Tha different types af parent* off  spring pairs era considered 

separately under tha following aeetleas*

2*21

Tha ganeratian aatrlx, » ef so 

obtained by Qesvge (1974) Is as given bales*

ther-daughter pairs,

b.D

1 0 o 9 9 0

0 1 0 0 0 0

0 0 0 0 0 0

0 0 * 9 0 0

0 0 * ft 0 0

0 0 0 ft 9 0

0 0 0 9 0 0
0 0 0 0 1 0
0 0 0 9 0 1

1

(* .u )



75

(n)
Kanee tha oolana Wedier* of Joint distribution

of aothaiwdaughtar palm ondar tho 0th | «M n tt« of ImU*

•10 ••tint 'oan 00 obtnlnod oo»

-  A ud ?U ) “

whore w*®* is  too n l—  f im r  of t raquonoioo of hdlf~elb 

■•ting typeo in —  generation of holf«»oih noting* •■ 

already obtained in aootion *.11. Tho correlation coefficient* 

* of aether*dawghtor poiro in too a** i — ittoa
fcS RtO

of half.oiO anting —  Oo ealoulated froa too correlation 

table forood fm  » Or 0— log additiwe gonio
effect and ooorlng AA* An# 00 00 2# 1, 0 respectively*

Now y ^ *  the row wo—  of frequeneieo of brother*
•ioter noting typoo in the firet generation of t»olf*aih 

■otlng (ie .) br»ther»«ioter poire obtained after randan 

noting io giwon by
m (jP  9 *% 20*% Ow* po1

Kanee. tho row vector* of frequencies of aether*
daughter poiro in tho first g—oration of half*»sib noting 

oan 00 ohtainod as
J D *  (t)* .

? « * »  "  ? * A . 0

-  (p 3 A  •  P*q H  pq* 0 pq* q3^) ( * . « )

and tho eerroopondiag oorralotioi tsda ean ho foxmod froa

-^m!d *• t*1" *  ln Chi!)*
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Csm&atisft tsbla of n H w M iH h tf pair* in ths first
l«B «n lU i si hslf-slO aitla i

fhMghtsF
AA Aft ftft XOtal

AA ft* 2 0

Rsthsr As • 2 n to m * In

Oft 0 H * , «

total MSp I n 1

ths w rr«lill«a  aatfftaiwl, » of «ot)i«N
H.S H.8

dsughtsr pairs la ths first § fsrstioa of half-alb astiag
esa Os obtains* fros ths aOsira tsbls as

r(1) • 0.5 —  (2.17)
H.S K.D

In ths sifts sannsr, ths snlw— vs*tors of ths frsqasasiss 

of ths brothsxw^Lstsr astiaf typss in ths ssssadt third «s i 
fourth gsasrstioas of hslt»ilO;ft«tlaf oan Os oOtsiaa* ss

•  Am o ?<a)

?m!o “ 4 “• 0 S(,>

r<*>
"H.Dc "  -  A * . »  »<*>
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»&•*• «ln t4r in ••otloa 1*1,
•rt i i  f l v «  i& ( 2*21)* ( 2. 22), and (2*29) nuM tLvilr.

W H * * )

.(2)

v(3)

(4)

i A

*pq(1**q)

fpq*
l**(i^3q)

|^qD n lp ) 

gra(3*i»}

|pq(3*«q)

^q (3*i4q )

^<l(t*1*t*1*i* )

U -»(21*l4(9r«i»i ) TO|

i

(2.31)

( 2.22)

X m OI iMi )

^ ■a(W«M») 

l j q (  »♦ * * * ) 

J ^ w O M W  

1 q(21. 1*M***q*>

1 (2.23)

taao
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Kane* mlwm voetora 1,54 "  R* °

of IW fflHBt it i  «T aotfeaMaNgbtar pair* in tho aoeand, ttiit  

aa* fourth goaaxatiaaa of Orota#iw*iat#r aatlng can it  

oMaiaod aa givoa ia (2.249* (2*89) a *  ( 2*86) roapaativair*

*9*(1*39>

v<2)
-  H#D

yO )
-  K#0*

i

f

L

|p4<1*ip)

(toft*) i

0

? *

H *( H H ) J

.2

I

$*P*<3*1ip>

0
^p q O «p )

292
i
^92<5oig)

I

I
I

I
I

(2.24)

( 2*29)
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I 0 I
i |
| 1»q{ 57-̂ 6,) |

» (2!d* I $ § *» 1 <*-*>

I rpq( J7*a*f) !

o '
i !
I 
i 
i 
i
I***.

j U t U M k )

.jl q(*1*1*»<t*a6q*) I

J
fto eom litloai b i t w  tho aothor « 4  d«u*ht*r la tho 

n m M i third and fourth goaorotloao of holf~olh aotlag i n  

coloulotod fraa tho eorrolotioa tabloo forood froa

«<*) . y<5>_ . (* )  w  
-  B.B • — H.B* I  H.D

P( »
M.t R.0  • 0.9*93 (2.18)

„ **5) -  0.667* Ca.19)
H.S M.D

r<4) .  0.7*** (2**0)
H.3 H.B
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Prossodtng sisilarlyv tlM correlation M tffliln ta  of 

nothor»dsugfttoir p iln  ia tho #HH| a&xttt MV«tb «ta» 
g«Mritiona of hslf-sib aottng son b# calculated. Tho 
esrrelations of sotbeiwdaughter paira in tho first ton 

generations of hslf-sib sating io givat ia table (2 »2 f)« Thooo 

oorrolotioao art axhibited graphically ia fig# 5 by curro (4)*

2,2

tho joint distribution of *ethor»san p iln  In tho a** 

gonorstion of fcblf*sib mating ean bo obtainod ao

*<B) ■ » ,  ,  I ( , )  <2. » )
M.S *•*

vsnv '
io tho ooiusn rootor of freqsoaol oa of sothor»asa

M.S
pairs In tho a** gonorstion of half-sib sating, is  ths
coluan roster of frequanciaa of brothor»slstor sating typos 
in tho n** ganoratlon of half-sib noting snd ^|#3 is ths 
gansration satrix of mother-son pairs as dsrivad by Osorgs (1974) 
ss glow balsv*

1 1 0 0 0 0

0 0 0 0 0 0

o o i  | o o
M»3

1

I ( 2* » )
0 0 0 0 0 0

0 0 0 0 1 1
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ft** a« elVM la (2.15). ( 2*22) and (2.13), tha calusn
Thu* hr substitutingtha vector* X*2*# X*3*t *®*

▼actors - «#s fc#g
®otheiw*on pairs in tha first four gins rattans af half-alb 

sating esn Da obtained as givan bslav.

V(D
-  M,S

,<t> m
H.S

5
I
I
ii
i
I
I
U

I
I
I

M

9

0

94

94

0

**

i
I
1
I
i

i
i

ooi

4»( i«7») ~ j  

0

J

(2.29)

(2. SO)
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-(3 )
I  K.3

p
I

!
I

“ J

A "

a "
(2.31)

(4)¥-  H.S

L J

O r

0

1 « ( » • * * « )

(a . 32)

iooo

iho torrdatlM  oeoffMtont of Mih«r>iM pair* in Hm flrat*
tM9si| third and fourth §mmnMmm of fcolf*olb atHas m  ho

,«* * (t )
obtaiMNl fxtm tho oorrvlatlon toblo fora *4 from 1  i*.§# m,s* 

*a* * ( *K.S '• • H l lw lr  00
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r(1) •  o .W
H.S M.f

r(t ) •  0*fJ9
H*S N,g

r*5> »  0.f*1H.S h.S

r<4) - o.eot —  (2.*)
H.S H.S

Pw w t tn  siaiXaily Ite M m lttlM  

« l  MliMiteflis 9« ln  ill tti fUtt| sixth, aw•nth its* 

la s n llM i af haXf*slb aatlag saa ha ealaulstadL Tha 
aarralatlsa asnfflalflsts af ssthast»ssn pairs in tha first 

tax gsaaratisas af haif»sih astiag is  givaa is  tahl# (2.17). 
Thaaa ssrraiatlsits ara rapraaaatag graphlaally is  Fig.3 

by smva (5).

2*w rATHawmyoHm cowmbamiib

Tha ealuaa vtetar, a f tha ja ist diatributiaa
F.D

af fathar^anghtar pairs ia tha a ^  gaaaratiaa af 
sating ean ha attains* as

J * " *  •  i , r . B  S<B) —  < * • * >F.D
atisrs

Ap̂ D is tha gaaaratiaa xstrlx af fathaswgaughtsr 
pairs, aa M laad by Gaarga(197h) as

(2»33) 

—* (a»jt|

—  (2*39)
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r.o
1
I
«
fL

i 0 ft 0 0 0

0 0 0 0 0 0

0 0 ft 0 1 0

0 1 0 ft 0 0

0 0 0 0 0 0

0 o 0 ft 0 ♦

i
ii
i
i
i

<t.30>

Substituting tha valMi « f  (> ■  1* 2| 3# *)§ aa
givan la (2.15), (2**1)f (2 . « ) »  <2**3) and A F D# tha

♦ha aeluaa rasters ( *  •  1 » I* 3# *) nf fraquanalaa
af aothaiwaan pairs la tha first faur gaaarstien • ! half* 

ait aatlas aan be attained aa ||y«a oslew.

?C 1)
r.o

r  , *

0 

N  

f t

0

m
i
i
i
i
i

(2.39)

i
i 
i



n©

i * a> •  I
F.0 J I "

< 0 
i

l a  

{ ? «

| J*d*7<i)

L q

jpctoo- eoo&

r  v " " * ' ,
1 0 <
* !

t< »  .  { a "  ,

I I
I I
1 0  J

!  h '17" * *  I

jr(4,) -  .

F.D. 1

i 0 
1 °

!  a r  

!  n r
1 0

I
U  oJ

85

(2.40)

(2.41)

(2.42)
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Hm M ifA tliM  aasfflalcnt. af fathsrnlaughtar pairs 

In ths first four gangnstlaat « f  u tU g  San ha
calculated tt iiittf M i  "ths m r A d U s  toA ii foisad 

frca J ^ *  roapaatiraly «s d m  k M
'P.D F.D n o  F.D

.(D
h* s f . d

r<*) 
h. s n o

r(5>
n s  n©

r(*>
h. s n o

0*70?

0.710

0.791

0.909

<2.4J)

(2.44)

<a.4»

(2449)

la  s alallar aara&sr, tbs u m la tiaa  essffisisnts sf 
fsthar»daughtar pairs is  tbs fifth* sixth* seventh* ats* 
gsasrctioaa of half-aito Ratine son ba calculated. The 
correlation aoaffiaiaata af f athssa daughter pairs is  tbs 

first tan generations af tow thar* sister Bating ars |1vm 

i& table (2.27). Thaaa oovrblatieae ars represented grapfcieally 

ia Fig* f  by surra (5).



Ik*Ie 2.27
0»m l«tl«a<  of the varlwa relative paira in the ge*»llafce* gene ease, uadar g ffa ra it  geaeratie—

of hailf*ait aatlag afatai*

Geaoratleo (a)
Corral a tl— Q 1 t  3 4 3 0 7 6 f  10

Brother •alater
oorralati— 0 0.177 0.292 0*990 0.472 0.940 0.996 0.646 0.69-3 0.726 0.761

Brotheiwaistor «
•orralatl— 0 0.290 0.315 0.591 0.497 0.917 0.970 0*617 O.609 0*696 M W
a .#  B.6

I .  II I . . . . . .  ■ ■ . . . ■ I.  I .  W i l l  . M l .

•w r,a,* ta%.# M S  M .  0.79. 0 .m  M S  0 4 n  M U  0 .« *1 0.90. 0.910
- 0s6r6s6 - ■

oorrelotl—
J a ) 0.9 0.990 0.961 0.607 0.729 0.770 0.005 0.654 0.696 0.676 0.093

w .r M.S
Mother aaa narral i t lai

_(a) 0.797 0.707 0.790 0.701 0.606 0.691 0.691 0.66§ 0.664 0.697 0.909
H.8  MLS

r atheiwgaughter
0.707 0.707 0.790 0.761 0.606 0.651 0.091 0.669 0.684 0.697 0.909

H.S 9 7.0
 ..

00



1.0

0.8

2
0P
4 
J Ui a ai o o

0.2

o.o

F H G :  S .  H A L F  -  S I B  C O R R E L A T I O N S  A N D  P A R E N T -  O P F S P R I N 6  C O R R E L A T I O N S  IN 
T H E  S E X .  L I N K E D  G E N E  C A S E  , U N D E R  H A L F - S I B  l l A T l N S  S y s T E M



SUM M ARY AND CONCLUSIONS



88

tKHNUKS
AMO

CftfftftitflBItff

Tho o^M tivti of tho irm rt  inveetlgotion entitled 

*e study of half-alb correlations oaf 9«n ftW fip rlii( 
correlation* under half* sib noting systsn1, woo aalnly 

three-fold, vit», (I ) to derive tho Joint <11 otrloption - 
correlation table oo well oo tho oorreletloa of 
poire under different generation* of half-sib noting, la tho 

eooo ef outoooool genes, ooaoning single loouo with two allele#* 
(it) to derive tho Joint distribution • correlation tohlo oo 

well oo t o  eorrolotlon of porant*offoprlng polro undor 
different generations of holf-olh noting, in tho oooo of 
outoooool genes, eseanlag oinglo loouo with too olloloo oad 

(H i )  to derive the Joint dletflbixtlea correlation tohlo and 

tho oorrolotion botwoon both tho parents and several offapring 

oo well oo one parent ond several offering inter different 
goaorotiono of half-sib noting, In tho oooo of outoooool genes* 
aowaing single loouo with two olloloo*

Over ond above this, on otteopt woo aloo node to study 

tho Joint distribution - correlation tohlo oo M il oo tho 

correlation hotwoon the different half-alb polro, win*, 
brother -  slater, brother-brother and slater * elstar ond 

eloe tho eovralatieae of Aiffertat parent-offoprlng pairs, 
vis,, octhor-diwghter, ncthor-oon and fothoi*dsMghtor, In 
tho oon»linkod geno oooo*
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Vary little  wort had iMen 4 M  ill the ease of half-sib 

■•ting aystan especially it  M rlvi the joint distribution 

and hence to eotain tlM correlation eesfflslest of different 
re1 stive pairs* As the generation aatrlx in this ejrataa 

oeanet be easily obtained* George (1979) node an attest* 
to derive the joint distribution of hal£»slb pairs fjran Mm 

first principles* in the autoaasal gene ease* He confined 

his study to the first three generations of half-eiona ting*

la Mm first chapter* the jeipt distribution of half* 
sib pairs under tha fourth gansretiea of helf*alb sating 

wee derived fros first piinsiples and Mm corresponding 

correlation was worhed out therefren* Further* a aeries ef 
half*sib eorrelatioa coefficients for the first ten generations 
of hailf*sih noting was obtained as given in table (1*16). It 

could be observed free this table that the eorraletien 

eoeffidant steadily lnereasee twm 0*290 under randos acting 

to 0*098 under the tenth generation ef half*sib sating*
This is fully in agreesent with the principles of inbreeding* 
The chapter further concerned with the derivation of the joint 

distribution of par«nt*affspring peire end the calculation ef 
perent*off spring csrrelntien* adapting the generetien setrlx 

approach. The eorrelatioa coefficients of perent-offaprtog 

peire to the first tan generations of helf*sib noting were 

worked out end given in table ( 1*16)* The table Indicated 

that the correlation increases free 0*9 under randen noting to 

0*908* in the tenth generation of half*alb noting* whish is
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dea In fu ll agrbsnent with tha phanonana of lnbroodlng. 
Dm m  two correlation#, half-alb borrelatlon and parent-

.4.
off spring correlation ware anhibit^graphlcally in Pig* 2 

by curve (2) and curva (1) reapeetlvely. A cooperative 

study of thooo two ©urvea revealed that tho parent-off spring 

corralationa ara eeeparatlveiy of higher ardor ttm half- 
alp correlations. Tha fornar woo double tha latter, under 
randan noting} but tha gap was found to raduca no the nunbar 
of gaaeratlen incraaaad* In tho tenth generation, tho 

dlff arena• batwaan tha toe correlations was only by 0*09* 
Skis shows that half-alb oomlatiaa inoraasas at a faster 

rate then parent-off spring eorrelatieB, as the inbreeding 

goes on*

Under section 1.31 in chapter 1* a general tam for the 

eerrdatlon batwaan both the parents and k offspring under 
each of tha first tan generations was derived (Table 2.18) 

in the linos of Ceorge (1979)* 2y giving different values 

to k free 1 to 10 tha correlation eoeffi dents between both 

the parents and h offspring .for the first tan generations 
of half-db eating were washed out as given in tads (1.19)* 
These correlations were also inhibited graphically in rig*9* 
The correlations ware found to he of vary high ordor ranging 

fran 0.707 to 0.99* and beyond tha 9th generation of half- 
alb aatlng, tha eerrolatlene ware of the erder 0.9, oven 

whan h • 1 . Thia Indloatad that the eorralatlotta attain a 

saturation point in twdve ganerstlona er so. Fran rig. 3
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It could bt aitid tbit tt« nrrdlitlitt LMntwa very npldly 
f i r  « « U « r  values of k lo»f Mwi k -  1 to % aat f ir  further 
values of k» tha latfMM t l oorrelatlon la very negligible. 

Mbwrir» la i l l  geaoratliaa, tbiro la i  tendency ahum by 

thi correlation to attala « l t y  u  thi aabtr i f  offspring 

lnereasis*

Under notion 1.32, thi cirrelatlia between no p in t  

and b offspring «aa dealt vibit Ibi expressions f ir  tbi 
i im l i t I n  coefficient for the first tan generations i f  half- 
slb noting, In th• giniral m u i f  k offspring, via derived 

■a given la tib li (2.21). By giving valuta to k fm  1 to 10 
thi oomlatlons between parent aU  k offspring f i r  tbo first 

tin gonintlona i f  half~slb aitlag wore vorkii out os givoi 
In tib li ( 2*22). Kiri also* is la  thi previous ease, thi 
oorralitlia via found to Inereiae is  a* thi msbor of 
gaairatlona and k, thi amber i f  offspring, increase* But 
thi raago of oom litlias was ratbor wide -  frsa 0*90 to 

0.95J. Than eom litloas win aablbltod graphically la 

Fig.*. Which nvailid that tho aom litloas laem si ratbor 

stiadUy froa k »  1 to 5 and biyond k • § tho incriaai was 
alaost In i  Iln u r fashion.

k eeaparatlve study i f  thiso two comlatlona as glvia 

la tabli (2*19) and ( 2*21) lndliatid tbit ths correlations 

la both parent case an  coaparatlvlly of higher ardor than 

tbit of can parent use. By eeaparlag the graphs of these
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tvi umaLattaaa(Flg*3 add fig*4 )lt **• ahaaivad that tha 

traad In rig*h 1«  tha nm  m that In rig»3* hut ia tha 

lattar eaaa tha surras vara slightly dapraaaad all along, 
olneo tha rata of laarsast m i rathar ia u  in tfalo east*

Chaptar 3 Mamraai with tha oarrolatlons of dlf farad* 
rolativo pain, vit«, hrathai* alotor, hrothar-brsthar, 
al«ton»slatar, aothor»dsu<fctsr9 atttM^am and f • thontiaughtor, 
la tha aaaa af aaao-llnkad $mmm* In a ll thasa aid eaaaaa 

tha iolsit distributions vara dart rod add tha oorrslatloa 

eoaffleiaata varhad out far tha first taa gaaoratlsds* Tha 
eorralatioaa af di« diffaraat rolativo pairs la mt first tad 

gaaaratlsna wars glvon la tahla Frw this tablo It
vaa notad that tha nothor»oMi oarralatlona and tha fathor- 
daughtar oorrolotlona ara idontiaal a d  art of vary high 

ardar ranging fiaa 0*707 to Q*i0O» H t, aa tha rata i f  

Idersasa vaa rolatlvoly high da thd aaaa af alstar-alstar 

oorrolation, It asaoadod arid tha aatharwaan corralatloa aftar 
tha aldth gaasratisas* Hsvarar, Ha slataz^alatar oorralatloa 

vaa found ta ha af such hlghsr ardar thaa brothaiwbrothar 
add bratbar-aiatar eorralatlsas at avary gonaration of half* 
sib noting. It vaa alia aatad that tha aorralatlona of all 
thaaa dx typaa af ralativa pairs util ha taadlag ta unity 

aa tha maihar of gaaaratlada laaraaaaa indaflnitaly. Furthar, 
tha uathafwgaughtar corral atioaa Id Ha ao*-liaksd gada aaaa 

vara tha aaaa aa tha pinahaffim lag aarralatlaaa la tha 

autoaeaal gaaa aaaa axespt far a shift af ana gonorotion.
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Aaothar laterettlai point noted woo that tho Joint 
distribution ond oorralation coafflciant of kr»dwi^te«th«r 

pairs «an ho ooally oarksd w l  in tho m o  linos ssplaiood 

hf U  and Sods (1934).

A Miparttlvi study of oil thooo sin typos of oonrolotions 

was also nado graphically as Mon in Fig* 9* Fran M o  

figure it m  ho ohsorvod that tho oo««01otiott undar randan 

noting and nador tho first gsnomttoa of half-aih noting 

ronoins tho ssno in tho oooo of nothor-daughtor pairs no 

wall aa nothaiwaan pairs* Ifc# hrotfcoi*hfOthsr aamlatiana 

oaa notiead to ha ho looost ordar oorralatlsn ooong Oil and 

thara vas a oanatnotlon hotwaon gmantlana ( 1) and ( 2) 
aa tha rata of laorsaoo in oorralotloa raduood osnaidroMy 

af tor tha aaoond ganaratlon of half*oih noting*
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ABgfRACT

A purely thesretioal *• atu#
of half*site correlations and pereat-sf f spring ©orrelatiena 

under half-aid aatlng systea* w t carried cut with the 

following objectives.

1) to derive the Joint dlatxlbutloa -  correlation 

table aa veil as the correlation of half*alb pairs undar 
different generations of half*alb aatlag. In the ease of 
suteeeeal genes, assuming single loons with two alleles.

11 } to derive the Joint distribution -  correlation 

table as well as the correlation of parent*off spring pairs 

under different generations of h«lf*sib noting, in the case 

ef anteaeaal genes* assuaing single Issue with two alleles.

i l l )  to derive the Joint distribution * correlation 

table and the correlation between both tha parents and 

several offspring as wall as the correlation between one 

parent and several off spring under different generations ef 
half-sib noting, in the ease ef ante son si  genes, assuaing 

single leeue with two alleles*

lv) to derive the Joint distribution * correlation table 

as well as the eerralatlen of the different *half*s!b pairs, 
vis., brother-sister, brother, brother and slater-sister nod 

el so the eerrelatlone ef different perent-eff spring pairs, 
vis., aothsr-deughtsr, mother-sen and father-daughter, in 

the eea-Haked gens sees*



Aa the generation aetrlx of half*elb paira is too 

tattana to tertva, tho M a t  distribution ef half*»«lb pairs* 

both in tho autoamsl gone ease and aan-iinkad gone mm, 
was derived froa first principles and the correlation mss 
calculated free tho oorrslatloe table* assuming additive 

genie effects and by using me produet*» onsnt corral at Isa 

eoafflelant formula. The esrralations were worked eut far 

the flrat tan ganarations ef half*alb natlng.

the Joint diotributlen ef parent»effapflag pairs under 
half»slb natlng ay at as, bath la the eutescnel gene ease and 

ssx»link#d gone ease was derived by using the goneretlen 

aetrlx approach. Hare alao* the eerreiatloas were washed 

out for the first tan generations ef half*slb natlng.

A esnparative study ef me h«If*aib correlations and 

parant*offspring corral at Iona* eenduttsd both nun sri sally 

and graphically* revealed that ercn though the half*sib 

correlations art ef lowsr order then persat*eff spring 

correlations, me rats ef lnareaaa in the fonaer is nueh higher 

than me rats of Inereaeo in the latter*

Asoag the correlations ef verieue half* alb pairs In tha 

ss*»linked gana ease, the eerrelatlen ef sletar»sist#r paira 

was found to be of the highest order. It  was alas observed 

that me eerrelatlen ef brothsr*brether pairs ean he easily 

obtained by me X.T.O nsthed devdeped by LI end Saaks (1f94). 
Regarding the various parsnt*aff spring pairs* nsth*r»soa



eerrelatlona and father* tighter correlations ware found to bo 

tho oano ond there worn no eorrelatlon between father end eon 

uhieh is quite leg&eal i t  tie m e  of half-olb neUnc ee the 

■on receives hie fatikir, i  y ohnmnmac*

A comparative study •* the half-sib eerrelatleas end 

parent-of f  aprl^ eerrelatleas in the es*»llaked gene ease 

use eorriad out bath nnavlw llr and graphically* It  wee 
nated that even theugh tba aether-son eerrelatlena and tba 

father-daughter oerreiatlaas ara of vary high ardar ranging 

fren 0*7®? to 0*909* fha aiatar-aiatar earrelatiaa ceeasda 

than after tha alxtb geaeretlea* Fm  this it  la starless 
that tha eerrdatlen batwaan sister-sister pairs lnereasee 

sueh rapidly than tha eembablen between aether-sen ar 

fathar-daughtar pairs* It  wee alas natad that tba aarrblatlana 

af all these six typaa af relative pairs tend ta unity as 

tba amber af generations Increases indefinitely*

A study wee alas node an tba eerreiatiaa batwaan hath 

tba parents and k offspring ns wall as that between ant parent 
end k offspring* in tha eeaa ef onteaanol genes* A general 
ten (le* when amber ef offspring la k) far the earrelatiaa 

In eath ef tba above aaaaa was derived far aadb af the tab 

feaeretlen af half-sib aatlag* tba eerrelatlea were fanng to 

increase with the amber ef genonatlsna and k, tha amber 
af offspring* It wee alas noted that tba serrelatloas in bath 

parent aasa era ooaperetively af higbar order than that af 
ana parent eeee end the rote ef lnsreaae in tha fenar wee



much grantor than Dm rata of Ineroaoo in Dm  lattor* Dm 

a a liiia l valuaa of thaaa oarralatlona wora vorko* out

for k • 1 to 10 «D  alM for DM firot tan ganaratiaaa 

of faalf-s&b mating an giro* In taWLo (1*19) ami ( 1*22) 
mapoottraly*

r u w


