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3, IVTROBUCTION

1,3, Tho fmportanoc of the ctudy of inhoardtance of quontitotivo chercotops,
porticulordy to otudy Sn tho field of plont ond endoa) drooding, hos nov

boen vory voll soeliond, Thi progrosc 4n this direstion hns of scurcs bBoen
vory olov gn comperod to tho gonoticn of quolibotivo ebeppetors, which fo
neinly due to ths feot, that oftor tho rediccovery of Mendodl's principles

of hopodity An 1200, thore ves o conflist chobher tho inheridenso of
cuontitativo oheposbors, vhich oxhibit contimnous voristion, sould bo expleinod
on the boode of Hondel's theory, whisch wog thought o exhibit o dlscontinnono
hepodity mechemion, Astoelldy grentitebivo &nhoritenso hasd boen studdod

ovon boforo the prodiscovopy of Hondelism, Franods Galton medo oxtonoive
otudios in thio £i0ld 4n tho Astter half of tho ninctoonth centory, Dopuin
boliovod thot continueusly varying chageotors vepo the onos vhich hed groct
importence for cvolution, In hio offorte to devolop tho theory undorlying
Beruin's bolicf, Golton mede nO prozvoos toverds 4bo colution of tho probloms
of hoyedity, bot hoe dié dovizso oxoollont biomotriccl toolds for tho desaription
ond onnlysda of verdction,

1.2, Thon UHondeldiaon horodity oo to tho fore with 4ts enmphosio on sherply
dissontinuous undb choregborey b appeored thad thio ves complotoly
dishepponioun vith tho Gritonion cttdion end tho boilof ves widooproed thot
cuanbitrbive {nhopritonao ocondd nod bo undorstood 4n loendolien tomwo, It 4o
to tho opodit of HilomoneEhlo & Lo, Broty to hove proposed indepondently tho
muktiple footor hypobheoio, ccoorcling teo vhioh quonbitotive inhoritenco conld
be epolysed in Mondolien tepms AF &0 b9 oooumed thad thero apo nunmordus
tndopondent pedps Of gones, oooh pair contributins o snolld emonnt to tho
dotorainction of o guantitabtive cherastor, thoee contributions belng ocimildoy
end ouppleaentery in thodr offost,



In 3909, Johemmoen showed by bis sxpurimonts on boans, thot verintion
in & charostor, such s boen oiso vas the conbined roouldt of gonoticsl
sgowoles enft the onvircumontel dnfluaondon ob cork end that tho offoot of
tnese tuo ggenodes coudd be dioctinguiched by bpooding testo anly, In view of
tue results obbolnod by Uldacons2hle & Johunnoon, $ booomo epporent thot
thyouxh o podygends egobem beving o large onzbor of gonocs, vith similer end
supplenuntary offoote od o dopger offooh of caviponmonty cantinuone
distribudions of the typo obuepved, conld bo produced, Thuo 4t veo tho multiplos
feator bypothosds togother with the ideg OF thore bodng en effoot of dnvirons
mefiby whioh Posolvod the confiict of Biomotry & Nentolism, of continuity ond
discontinuity, thoroby nnidfying tho Hondddsen & Biometrlosl sppronshos to tho
obudy of inkeritenco of ¢untitotive ohercaters,
tedy  Tho knowledse thet tho polyzoncs ore borne on the chromoeomos provides
ta with a bese from whish to oxplore the gonobticel propartics of sontindous
vepiation, Sinto tho quuatitativo charooters arc controllod by s large number
of genog, ootk hovinyg o cmall offest end arc loygoly affested by the
environment, the fndividuol goaotypo gemst bo dictingnishod mor the effoct of
varfous gencs followed pp individuelly, This med¢ necosopy dovolopnont of
sbebiotdonl techniqios by whidch tho rooultond offeote of o laygo nunber of
gonos conld bo followed An popiletions, vithout ebtompbing tho dnposaidle
epprovck of pecognising the Sndividuc) gonca or genotypen, With this idoa An
wind, Zoot end his coswopliors, could chow catisfeetoridy thet the inheritongo
of u nbmboy of quenbitubive charcetors in medeo & tobuoco oen bo axploined by
tho mudtiplo fadtor hypothocio, Tho mpltiple feotor hypothosls, thuo ves
finelly tokon o BO recogniesd os providing e ponsonoble explensticn of the
inhoritmco of qiantitotivo choracters,
1,4, The full implicaticns of this bypothoodo have, howover, only grodunlly
beoosie Ponldoed, as 4% brotighd out meny problomy peleting to tho number end



negndtodos of offodta of tho footors, tholr mode of ootion, chother sdditive

or multiplicobive, tholr dominenco snd linkege polotionships, These problemo
wore greduplly bockiod by o numbop of poscersh wopkops, The opecded Yypos

of ciporinend end obeRlsticod ensdyulo pocossory for the otudy of conbinnous
rvardadion hove only gradnadly bosomo avoidoblo, Novaptholeas; though olow,
progrose has bean vend amd wo ore now in a position to coo not meroly bovw
continnons verichion coo bo cxplsined gonoticodly, but oloo hovw experimente

¢on be condncted onnbling us t0 undorotedd end to mossore the opooind

entitios in torms of whilch continmuoteo veriction een bo ennlyscd ond its
boheviour predidted 4n some sotssurc, Somd of the obotiotisel toshniguoo

whish hovo beasn developed so for will bo oxploined in the noxb abapter,

1,8, Turning tovarde plont end enimal breoding preooticon on importent fnstence
of tho opplicsbion of the stetistisalecunagenction) appronsh in tho dovelnymont
of the plent bpoeding Sochnighe vwegs tho euitchover from mogs solgetion o
pragony row bropaing (Hatchinoon & Pense, 1937), This epproach cnudied tho
plent drsedor not atdy Yo provecd uith sclestion oystomstiselly ens

offiodontly bub alno to onbimcbe the asound of ganetdo vuricbility oxisting

in hio naterdad, 4;1@5'% f£ron gonctio versabllity, quentition Jike numbor of
£rotoye, megnitudo of Wﬁ offoota, tho strongth of Jankego precent

mong the foglors, oto cfo oguoally importont for tho understonding of the
gonotds oitustion, Tho preoont invesbigation doecdo with the Gevelopmont of
approprioto stotiotidel muthols for clucidetion Gf thone quentitien, with
porticuley poforense o sslogtion in plent beseding,

1.0 The moot prootios) problem in plent drocding 1,0, determining the

opoed of gonetis civetiwp, oo Anvestigoted by Penvo (1940 e & b), vho introdused
tho sothod of gonodds models chich forme o waltiablo conbribution to tho etudy
of folsbionship betvoen tho pumbar of gonebis Lestors and thole vardcbdlity

on tho one hand ond tho oteblebisel proportics of She nmaﬁedﬁpmenlﬂa on
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the others Thoso Fy - propeprtien are, the genotyple meon, nean genobyplo
varleaso within pregenys verlanoe of pragony meancy covericnso of grogony

metti cid gonotyplo verdende vithin progeny ami the verionoo of genobyploe
varlenoe vithin progeny, He gove o modthod for cotinating thoe offoctive

nuober of frotors end by soltins up asfferont hypothetierd genstio models
rejarding tho systens of genotic fostor'sy nrgnitido of domincnos offoste oto,
he studicd tho offeut of variotion in tho nunbog of fastors oporating to
produco o given cmotint of gonotypde voriability, op tho cbove fivo Fys
gropertico, Tho pasulio from this approcsh, con bo necd $o enticipeto tho
reoponoe to sclection under o porblculer gonotdc seb up end eloo to Judgo

fron the poculbe of aeladtichy the gonotic situntion odiclning 4o ony
prriiculor astoriod,

1,7 adopting tho otmo epproech ee originelly givon by Panoey sokfd (1934)
wsurbod out slodler pesulbo dn tho onso 6F 18 othor gonotic modols whigh

covared o sufficiemldy wido end uoofud renge of tho nunbor, pegnitudo oud
dominrnoo pelebionshipsof gonotds footorn, In thepo genctic mofols, conciderca
sop-rricdy by Panco & Bokdl, Andopendent sogpogobion of the ponoo converned voas
twoittod, IU may be montionsd thad opert fromy, tho pigour of scloction,
offootive number of feostors, veristion io nsgnituvde of coblon of tho footodo,
thoir dominenoe velnticns ooy tho odgo of tho contribution of nenshoritsoblo
ogonts to Fp « verdulion, linkego coong footors s also en Soportent feotor
influonoing tho opaed of genotis edvonco undor solpobion, Although tho brood
offact of ths Jnkoge sotld bo oxprososd s ranging botvoen the two linmdbs,
nemoly £49Ly poreent rotomblastdon, which L ogquivolent to sndopondant
sogecgation of tho ¢ro fastors ond comploto Mdnkego, whish vould omount to the
two festors bohoving oo e olngle factor with its offcot boing ool to the

o of tho 4w, 4t S0 of conoideradblo colentdfie dntorest to vork oub
axplioitly the offoct of vorying dogrecn of lnkoge coong the gonss condgraed
on tho ebetiaticod progorblcs of $ho osugrogcting popblotion,



I took up tho prossnt Anvoctingodbion with the objcsd to stady the
offeot of linkege on Lhe specd OF gonotds advondo duo to volostion ord on
verious othor Fy proparticn; fodloving tho atatiobticol epproach dovoloped dy
fense, Thio &0 presented in Perdt I of tho thesla,

Boring tho some popind, I undertook cuother problem, nunedy
*4 study on Mnkege batween genhes for pigmoentation 4n verdous porto of the
rise pland™ which o pPesented in Pert IX of tho thopds,



3.3, o shell nov prososd to glve o rovige of tho developments in the
vertons shetiotical Soobuiquoo edopled by voricus pegpoarch vorkore a tho

£301d of quentitubive dnhoritondo to obbela $ho informotion of genobio inmterest,
voofud to tho plent biocdeer,

Tho dlagussion of the gensticol boolo of conbinmous verdobion sonserns
tho relebions bobween gont and chepecstor, Brosddy tvo nein principlon hove
energod from studiés meda oo fopr, Tho fivst of theso, which wo que to
Johmnoen (1209) 4o thab tho phonotypo 4s the joind product of gonotypo end
awirommont, Tho verdeotion in o aboraster mey therofore posult from varisbions
in gonotypo ond envirorment, Johmanoen choved that the tve kinds of voristions
in tho cherooter, boritobdlo ond monhopideble, oennot bo aistinguiched by
neve inopostion, Only a brocding test och distinguioh the one from tho athor,
The gocond prinsiple Ao thod the voristion An o chereoboer moy Lo Consed by
oltepation in eny of o nusbor of goenea, The gonog controdling the oeme
chopacter noy bo poloted in vordous wayn, They may nld bo manbors of o
polygenio oyatem, or thoy mny all b6 mefor gones vhoso offecta on tho chegnotor
oo noithod ampll nor atipglmntuw, or loetly tho veriation may be duo portly
to o npjor gane ond portdy to & polygondo sychan,

3,8, Unlike disconbinucns verdctlon which &s produved by gonus of mejor
offect, in continuous verschion 5% Lo nogoosary to put the dlonotricsd tools
ond qaentitics like mesne, verionsos ¢to on oomd woasurshlo ogelo, This coale
ehonld obwionoly bo ono vhich wonld fadilitotio both the analysis of the dabe,
end tho intorpratotion anid noo of the resudting stotistics. The meln atdtaric.
of oooling, oo hevo beon diccusscd by Mother (1949), ere tvwo, Ono 4o thst

the gonig sffeotn on the srovego bo oimply odditivo, Tho cocond io that the
sontribubion mede by noohoritable ezembs must bo indepondont of tho gonotypes,
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if tho chosan sorlo o dofisleont in olthor or both ways, tho otebistios by
which tho distributions oro dosoribed will bo distorted &n aroctor or less
dogreo, For this purpoce camo conlimg toohs cro deviscd (Mobhor $949), Data
on tho mesn acnsuponento of Yvo porcnto, tho Fy 2 ¥y gendrobions and tho
beskorassog of the Py to the paronto heyo boen givan by Pavers (1841) for oix
charestors dn Gurteldn tandbo ¢Pesodu, whoro he hos dlcoygscd tho cdoguaoy

of tho pocdes uscd in toking tho moasurcmonta for reprosontilion of the
ohopastors ond for enclysin of the veristion,

in o lchop popor (1943}, Fowors hac doalt further with the use of tho
loxorithndo trenaform-tion for date on fruit woighito to convert tho geonstrio
cotian of goncs into tho pdditdgo one, The uso of transformetions to romova
opdetuoy Lo cppropricto, Wb thoro moy bo considereble othor difficultics in
thet onoh set of dubds moy roquire ibs oun dndividurl trrnoformetion which woudd
nole gonet~iisstion imposadblo, This comss to our sttontion foroiibly vhen the
data on the somo population coldoctod in difforent yooro roquired difforent
trepaformetions ao shown by Powevs (1950, 1938§),

8.2, Fisher's otudy of correledion betwecn relotivos (1818) has Woon of
groot yolue in the study of guantitetive inhopitonco, as it govo o support to
tho muitifactarisl hypothesdo, thoreby helping in £4lling up o gop botvecn
cioactricnl end Mendodion oppronshoes, Furthor 4t sbowed how tho obsorved
vordotion An guontitabivo chernotops could be spiit up with tho belp of
corrolobion cooffiofonda, into compononts exsignablo to tho edditivo sotion
of genos, %o dominense spd to environmentol fiuctuctions, Flshor desonstroted
thiv sppronah on Pootoon & 10o's oubid mocsuresent on humen dobe.

Tho olrgsisnl papor on voricus $hird degroo abobistion end their
goncticnl inderpretation, by Flchor, Ymmor, & Todin (1932) 8o of noteble
inportonse, Ib gove e nuaber of posulbn relebing to scoond degroo gbtotistlion
ol also polatinsg to the grogonies of tho third geacrotiocn, which epo
obtuined by duborerossing podes of planto tokon eb pondom feom Fp (bipopantod



progenjes) or by exposing one Py plont es mothor to pollinotion by tho pollon
of ¥y ns o whole (mstownal progonjon), Third degreo otetiatice choved hov the
syerogo dogPoo of dominmnoe penifosted by worlons Pootives omn b nascoped,
2,8, Agter tho multi«fectorial hypothcods woo woll pssomnisod by the
genstiolsts, the genntio sitosbtion rogerdins the nusdey of gones produoing
vorinbility in segrogoting popudstions, axedbed the inberost of mbabiobiosd
resecrch vorkops, In this woopoot; Gtudont (1934) 4n his poper on the
onlonlotion of tho minimom mmbor of genss in Winteplo pelection axpepimont,
attenpted to give on ostimuto of tho nunbor of genco producing verdcbility in
oil content $n medze, Busiig bios actincde on the Publo of mminun gesotyple
rerge to tho gonetio shondapd devietion, sonuzing oquel) offoste for vorious
footors ond sndeo drdepondonse of thodr oogrogotion, ho renched the conclusion
that thore wore ed lomoh 20 polygonso condrolling odd contont &b madzo An
Bintor's exporinent,

The phenomonton 6€ Jokage botweon polygensy ond the osjor genos ds
elso cn trtorsting one, Thie phonowencn wno wol dasonstrcted by Sox (1938)
vho poported tho oasst of opparond linksge botuoen polygenco govopning tho
chersotor of continuoho verietdon, nomoly bomewolght ond e snjor geno
reoponsible for 4to pignantobion, o quoltobivs choreator, Tho posulto found
by him 434 not give mieh ovidenoo of linkegs a9 48 oppocwed thet the effced
on tho bomnewedght mizbt bo n plodotropio socontdory offoot of the mojor
gono poaponodiblo for pigmentetion,

A mopo convinelng ovidenoo on the linhege of polygeRes with major
gones wes provided by Rosmucgen (1988) ohe &nyostigobed the vardotion of
floworing tine in cposuco of gorden pen, RBoe confirpud tho presonto of ldnkoge
votvoen polygence governing tho floverins Mmoo ond o majer gone govarnins
flowep golopr, by obdaining lines, dn vhich tho dopooistion botwson fvo
charactore veo cboond and also ildneo 4n chich At vno povorscde Tho linkege



botwaon polygonce ond mpjor gonap hegs begn eshabliohed 4n soversl obhor Onoes,
Unthor (1941 & 1542) heo dezonstreded tho preconco of linkoze betwoen polysenso
tensclven in his study of ebdomina) oheetes nonmbor An drosophilc and its
fartility, Tho tuo charsotays govorned by ton polygonis oyotems were found

to be ngoocictod, The peselbdility of tho oceme ploygonis cyntan governing both
of tho ohorrotors (plodotiopio offoot) wos puded out vhon tho linkaio wes found
to be broken vhon prosueting with broeding end colestion nltornotoly,

2454 / it wight be godd thet tho linkege of polygemos wnd tho concept of
effootive pumbor of footore form o moob signidfionnd supedt of tho otpdy of
polygenis vardetion, In this Fospoct mothods of ssoorbaining the offoctive
nundor of feotofs dovedoped by Urlsht (1934) and rense (1940) ero of apeoisd
inportengo, Further, tho cotimation of the opoed of civanse sorpesponding

to s givon dogroo of scleotion As inown to dopend bpon tho numbor of
segregoting frotors shioh govern tho Ankoritenso of tho porticular chopooter
under study, In o polyzondo oystom, 4% boo odrecdy bown poiatod oub thad

it 4o inprooticsbly to mark tho sogregetion of Andividuel monon, 4% bovt
conbinctions of genvs could bo conoidored g our pltisetc unibs, vhich opo
brought to be so constitutod theb no focombination cosurs within themy whilo
it doon ocone betuoon ;Eshwa unito with 504 frocuency, Tho hypothetiool numbop
of these nnits epfe known ns the offective nunboy of Laclc¥o, governing the
inhoritende of the pepticuler chopaotor,

Uright (2634), Jooduin (1004) md othors worked out cstimebes of tho
puabor of faotors on tho ossumpbion thed the magnituds of the offests of oil
the foctoro 49 the osayo end furthor thab ellolomprphs apo diatriboted
isodsrostionclly, They catimmted the numbepr by thoe rolio -

nbol wrmm)a
Ganotyplo verdento in 7,
Tho agoumption invedved 4o Bepdly Juchifinble, olude the offest of dnconplete
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sonscntrabion of 3iko ocllodonorpbo widl bo to reduoe tho poponbol difforonsoc,
thoroby undopcotimcbing tho nmbopr, Tho inoality of megnitudo of a3l tho
frotors furthor lowers tho ocobimoto, Ponso {1940 o) derived anothor oobinmbo
3ivon by tho radio

(oon gonotyple vordengo within Py mgny)g
Voricnos of genotypds verdensoe within ¥y progony

& of dowdinmee Hfasts

which cooumon the amelity of o cortedn funstion of megnitude of offqote) Thio
eotinato overconey tho 4iffioulbion of inotmplete consentpotion ond incemplote
reinforsement, ./

In 4940, Ponoo 4ntroduced in enothor peper, o technd@o vwith s now
aporonch of vited fmport-noo pordiculerdy for the plont brotding studlss,

Lith tho use of tho 3‘3 genotypis end environmentnl varicnse, odsepyved io o
pient brecding eapas'iémﬁ ood with the holp of hypothoticnd gonotds modolo
rozoraing tho cumber o0f facbofs governing thoe choreolor under study ond thalie
deodnange rolabions, be showed bou tho rezulls of otlestion undor differant
Jenotde constitutions cen bo enblolipobed, oo for os the apocd of genetis
cdvenoo ond verions Fg propertdcs ore conSornod,

Tho modolds set up by Fenoe wero boscd on axperinentel dda on haloe
lenith of F3 progenics of thyot cobton orossos, From tho snolysds of tho duda
it opposred thot both gonobypic end cnvirommontsl cemponcnts of Fy vordenso
wore of tho semo megnitude and vero 1,5 undto, Tho effestivo nuuber of fectors
veg pocvebott threo, With thoso quontitien as given, follawing wope tho
5 andole oot up,

1 = in infinito ocoplcn of Feotofs wAlh no dominences their mognituden
poprecontod by the sories E v %a sass -
3 - Threo oqual factors with no doninengo,

3, Tuo dnfinito cerses of footors vith dominengo &n apposite chrentioms;

the negndtudos of fuwitors o roprescnted (for both gerdes) by tho pordco

a _
‘/'é—"% » % LT X 2T

’.';
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4 » Throo fcctors with oquel vordcnoo, ono boing withoud dominanco end otber
tvo hoving dondnonge 4n opposito directions,
5 » Throo ogual footopo, too with doninaneo 4n opposito dircdtions end one
without dominenco, oo Lo 40 zodod 4,
In the leob modol tho offsotive aumbopr of fastorn weg T o

Panso obteinsd the pegvosolonn of Pivo stabistidol propertics of tho
'y on Fy porontal volus ond thuc obtainod $he moan walues for thoso propertéas
neking the colootion of the highest 104 of tho 7y population, Tho five ¥y
proporties studiod vercs

{1) Genotypdo moon (3) Uosn gonotyple vericnoo within progony
{3) Vordonoe of tho progeny mean {9) Covoricnoe botwoon tho progouy mocsn
end gonodypde vardonoo within progeny (5) Vordenco of gonotypio verdenso
vituln progeny,

gy thde toshniquoy not ondy tho #osultc of selostion gon be ghtlodpotod
tat alao dhe infornction regopding tho genotdo nob up, by comporing eotinston
ottainod oxperimenteldly with tho thoopeticol veluos, osn bo dorived,

In 1854, Bokil comsidopod enpther nob of 18 gonctic modols, vwith
vidor appliocbility. Tho oododo wero basod on Fy & Fy dotn on fidroslonsth,
~gomupod 0o haloslongth, obboSnod from 16 inboreraciel cotten oromnos, On tho
beode of the rango of voriebility observed, mofiods wope =ot up with Py
gonotypis veriangoy of 0,0, 1,5 opd 3,5 unita, the cnvirvoimontol vardenno
toiny 2,0 undts 4n ogch opoo, Tho numbop of frotors tokon to bo 3, 8 ond 83
vuroe thought of to sover o suffiojontly vido ond ucoful rongo of the offoctive
nlinbuy of futtoro, roprodonting situations Snvolving o amoll, o nodedsto nnd
o lorgo number of cuch footofs, There wero thus nino comdinetions of Fy
verisbility ond effeativo nunboy of frotars, OQut of 38 mololsy 8 vepo studfed =
vith no domdnanco end other § with fall dominondo,

In all the géaotdo nmodedn, o for conoidarod by Ponst onid Sokid,
tho feotars woro osopmed to bo intopondently segregcbing, Studden on tho
linkego mmong fosbors aro of s gront dsportconos to Lhe plant brooder ond
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gonctiodet nilke, 7Tho presont lnwootigation 45 besed on the otudy of the
vorfons genotdo nodels an Moked fogtors, following the technicie dovolopod
by Fenng, oo 8o 20 600 4n vhel nomner tho linksgo offcoto the apscd of genotio
sdvence end tho verdous Fg ctotioticod propertien, oftor makdng scleotion
in 75,

Befopre findghing with tho povicw, At 4o vorthvhile to refor to
Usther®c Yook on Biometrian) Genctice (1949) nlrondy poferrod to, which hes
broksht tagother the veprdous typos of sbuddos 4o the gonsties of quentitative
shapeators 4n o moat compaot ond weluadle form, &lgo e comprehensive ascount
of verions devolopments in etetdotiacl opplicotion to genctics, with tholr
foll methomsticsl dosckagpound, giving tho dooio otedisdion) concopte end toddo
vhich tho gonetde peacerch worher nosds, has fogently boen given by
Kompthorto (195Y) 4n his book “an Antroduction to Genodic Stetistics”,

-
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1% Y It {0 nogooorry Yo polnd oud in the buglnning thot following
Fishep (1930), tho tomg 'ginetis end 'genntyple’ are nocd in difforend sonovos
to Srddlosto ¢Afforond quenbtitico, Scoopdingly, the ‘smcoctidc vorfonse® 4n
population, ctandos for tho port of the varickion orising from o strictly
cdastiva aotion of gonoe, uhile tho 'gonolypds veriocnso’ nlso dncludesy
beoidos the genctic voriesngo, the verdebion eploing from nonecdditivo intermtion
of genop such go dominged end oplobeoy, DOy noing the reproosion movhod propesoad
by Penoo (1960 o), in tho pPesensc of dominense tho compoment of variction in
Fy ostiooted by the vegroosion oo B0 shown to be o q@uentity inteormediabo
botweon those woppooanding the gonstis ond ganotyple wardenses, This veo the
~ dealo veed by Ponce end thon Bokdl, on which the magnitudes of the genstypls
verdonoo vere apsumod in diffoprent modolds meking uso of axperizental dots on
tho ohaoreotar to bo studiode
348 In the models sob Gp by Panso, the pobio of genotypis vorieme to the
anvironoont el one Yes ssowned to bo consbent via, Ll and thods common valuo
1,3 unito waz tokon to do tho pemo fOr ald tho modols, Bokil (19864) considorod
tho offoot of unsyrunbploc) dominenos, constradting nodeds with fectors
choung dominsndo ondy n omd dipostion, thio bodng en oxtrese onEO Of
dondnanco, & zore gemorsd ciAtuction 5 vhepe tho polygensa axhibiting
dominenge $n apposite dircetions do not boletoo b cemplotoldye

iIn gotting up his modoldo, Bolil colooted thpee difforont welnso of
tho gonotypds gorionde, nomoly o0, 148 ond 340 unito, tho cnvironmental
vordenac bolns 840 undts in Gech omso, Considoration of these vellco wes en
{oprovement ovep Who ono ocneidérod by Penoo, es those voluos SOVOP o vory
ngeful pange of the ratio of genolyple vorichoo o the onvirenmontel onsy
nowly & to § omd es ouoh tho wodelo aro vacful Sn giving Fesalto theb den
bo comparod with o vide penge of deba consepning verions quentitetdvo chearestors
thod sgy bo obtained oxpoimonielldy,
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303, The modela otedlod by Pomoo book dnto cunsidoration the offcots of
verdotion dn the nunbor of feobtors undor tho condition thet tho offestive auabor
of footops ven throo vhioh ezofn wep broed on axperimentnld dote, Oving to
thin roatriction the infinito goomotris oovbos of frotars ooumon oyt to bo
repidly conwergont ond onldy tho fired fow Peotors oro of Jorge negnituds 4n
conpredson Yo tho foob ond oonvoguently acoound for rosh of thoe offects
obotpyed in oogPegobion, Thio cuplains to come extont tho omald eiffepanso
tulroun thoe poctlbo for wodolds comaldotlng recpootivoly of only threo footors
end of o dnfinddo ocoprdon of fooboron, In tho dght of thiop Bokil ia his
pagur hes deall with o tongs of yelnwon for the effective auzbor of fedbtorn
i6 bis 18 modods coyering tho valuoo 2, 8 and 33, This heo brought oud tho
offopt of voplabion in sunber of faclore on tho gonotio mivongso ond Fy
sbatiobical properbidon more adoarly,

The foctops consideyed by Panso emd thon by Bokidl 3n thodr mudelog wopo
tukon 30 be indopendontly cegregeding vhoreos tho prosent otudy de comsepncd
with modols invalving linked footoros oo oo to study tho offost of Mokege of
yorious dozves on tho opond of gonodlis wdvense ond voricus ¥z obobisticel
proportdos, ofter moking 108 colestion An Py, The phuso of the linknge hao
boun dcken bpto Do ‘eoupling® in thip verk,

3.4, In tho modols, which hrwo boen deelt in this vork, tho dominsnso
rolotion emeng tho allclos of a festor §s shupposcd to bO complotuldy choond,
This is booalisc tho elgebrn vhioch tendo %o beccno vory ctmbersone in dooling
vith Minknzo io pinplificd to somo extont in the adaongo of dominmnto,

The veollon of gonotypie end onvironmonbol vorinnees tokon to bo
1.5 cnd 3,0 vnlts pespestively in the prosent dicsortablon, havo boon borrowod
from Bokidto sob of voluvs £0p the construction of the nodels dondb hoyo,

I heo boon done for ccupsrioon of tho gosults with Sokil'o pocuibs for
zodols with Sndopendent Feotofue
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3ube Astyaliy tho giosont nmodolo son bo divided into S0 olosobn, Tho
firet alans dools with tho nodolo, vhoro thy genotypde werfaneo hey boen
kopt fixod €0 1.5 units ond tho meghdbudos of tho vardous faotoss Sovolvoed
45 ccloudcbed from this, dopending upon the uount of ldnkrge Boing conoddepod
in a porticudm modol. In the modole delenging to scsantt cless tho aagndtedos
of vorione feotors have bocn deloulobed on tho sosumpbion thet thoy wero
indopondently coting vithout sny linkego end tho Fy gonotypic verdonos woo
1,0 vnits, Uith these fixed msgnitudeo of the foctorpn, verious F3 stsobistidpd
propartics ond the genctic edvence hove boin Saloulatod noking 104 welcotion
of ¥y individuels, The feotors shioh havo previouoly boen tekon to o
irdopondcnd, cPo now teken eo linked in polrs kooping thoir megnituodes
unshenged for the socond olags of modols, Tho noin point of differonse botwoon
tho two ¢losses fo, thet &n tho first claso the ceznitude of vartous factors
shonzoo with the chenge in tho Mnknge valuoe of the verdois liaked podre,
tho F3 genotypdo vepbonoe bodng fired throughout o 3,9 units, wheroes in
gooond olown tho megnitudo of tho footors 4o kopt £ixod, the gonotyple varionoco
bodng chongooblo with change in linkoge valtos, It moy Lo podnted out thet
tho feotorn avs koph ©q und in thedr meznitutop,

The dezerdption of the vorious cotelds io givon bolows

{a) Tvo linked Peotors oqual in maznitudon, producing Fy genotyplo
vorionse oqued Lo 1,5 mndts, Tho difforent veluow of tho
recombincbion fraction donnted by 'p*, whioh hove boon sonsidepod
in the modele ar0 Gy Tuly Qudy 0035, Upd0; 0,45 efid 0,9,

(b) To0 indopendent paaPs of Minked fectoyo (& factors in o)1)
producing Fp gonotyple vorienoe dquol to 3,5 unids,

The difforont pairs 0f rocombinstion velues say p ond p' which
heve boon goneddopad Sn the modeds aro (popted), (p=psle2)y
{52048y p'elobly (pop’=0ed) ot {(pmp'eed),

B
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Hodolo bslanzinz to socond plogos :
{a) Tho charector under otGdy S5 governed by tuo linkod fectors, tho
genotypio valno of ossh of $hon boing equol to /1.8 & 1,3247233
units, Tho variovo rocombinction veltes considered gfo cens g
in modods (o) of £iret class,
{v) Tho chbaroctor 4o govornoé by tvo indopendent poirs of linksd
foctoro ond the nofnitudo of ossh factor being e@al to
/78 o 8660254 unito, Tho verious peirs of veluos of p & p°
ero agno ¢ ore considercd in models (b) of first claso,
it moy bo polnted out theb in the prosont investigetion, the veriono
valuog of p end p* efe oo cbosen o3 to cover tight, intormedicte end loocuo
linkrges thoroby giving o olose ploture of the offoct of linkezo on the
rosults of seleolion,
&p pentioned oorlicr, the anvircnmentel verdanco has beon kopt
conotoent for sll tho nodols end o equal to two unito, Tho selcotion intensity
hos boen £izod ot 204 in 01l the ebovo models,
346 trong othor aosuoptions invelved in the prosont Snvostigntdon 4s one
that tho factors ore sfditive in cotion, It s Justified on the considerstion
thet tho eotion of genos cen bo nodo edditivo approximotely by suitodlo
tranaformation of tho stiole cnd evon Af thore 46 smell doviction from sdditivity,
it conld ghom only offosts simdlar 4o thooe of onviroments (Fichor, 1918),
Tho offocts of interesution of genos ot the sgne loouo, nemcly dominonse heve
boon tolten to bo compledely ebsant es otatod ecrlioy, Tho gonotyple veluas
of verions feotors Suvoplved oro gosumed to bo ogeel, Aupthor gosumption, commmn
to post of tho fnvontigstions 4n tho genotioe of guentitstivo charmtors and
olso modo 4n tho prosant vork, 35 thet of obsenco of fertility or vighility
disturdanson, Agein, tho pheso of the linkeso enmong vorious pairo of Mnkoed
footors hez beon tchon Lo bo *coupling' in the procont work vheress for
ropulajon pheso, ono bos to repeat thoe uhole proocse afrosh,
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o, storting conveniontly with n pole of linkod Lactoro, sey fen and
deby $ho croos Anfud B A3/ob givos ten difforent posoibdle genotypes &n Fge
Lot p be the pocombinant froction vhich oboos tho nmotnt of Adnkege botvocn
thoe tuo fnctors, ket Xy, Xy end Xy rospootively densto tho Fy phesctyplo
voluoy Fgegunotypde torioncs cnd Fyegonotyple moon for o particudzpy gonotype
in 7y,

Lot dy ond dy (mocoupod from covrcopunding mideparont veluon) bo tho
ganotypie values of bhe footors fe-n ond Beb ouch thot in tho aboonoo of
dendnonse the doubributions of the genotypss A4, An and on oro 4,y O 6 «d,
roopostivoly end of UB, 3b nnd bb apo €y, O oid «dy Pospostively, Folloving
in tho tablc giving verfous volben of tho threo gonobypie proportion, tgmoly
L. g tnd X3 oo mentioned ebove for tho tan gunstypoo,

Tablo 4,1: Volaoo of Xq9 &3 ond X5 for vericus ¥y gonotypes frow
orosodb/ab X r3/ed

+Ho.f Cenotype | Froguoney I (Fpephetiotypie (Fa=genobypin] (Fzegonotypis
S ) YUY variongs pan __

1, 88/ o) Gyt e o 4,00y

3, MM pe/a dgre V g

3,  Ab/ay P doedpe ¢ 9 d vty

4, h3fed /3 dpre. Vo 4y

8. aofeb (o) fra e Yo 0

6,  svfas {8) pP/a e 1A 0

Te Eb/ab po/d wilye € LP) =y, )
8, ad/os #/a wipedpe © ¢ wit 4y,

Do ob/al /e g +2 Y% wd gy

10,  ad/ob &/ wdpwdye & \ wilpedy

Jorn of tho proporticos ] % Dg 7}

- " o

*
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Shepe {0) oot (R) denobo conpding ond populalon phaseo peupostivoly,
boing tho conteidbation duo bo mwimmm to the phmmtypta voiue md ¢
Y bacd )
beiss eqpel 0 (1ep)y 41eo T SOy Wy -g- Voo S g 1uap,
Vg » ..n.%&b.. ¢ dgly(aeBq) o8 B, o 8.2 # 40 ¢ 2(1.3p)R anty,

It 45 conventont to teead the valoos for the individued genotypes ou
dovicbians freo the carroopimding Fy momnsy &n opder to obtatn the tonenbe
chaut tho mean direstiy and thus ceving troublosamd sdfuctmonto Aeter for
troforning tho musenta ebott $h8 ordgkn 1nto those cbous the mern, Tebde
48 chovs these devictions denobod o omadd 25y ¥y wnd X,

Teble 4,31 Dovdationo of veluss Of 14 &, und 3 fron thele moums

%ﬁa}ﬂﬂm"wﬂ }mwgzamsr ﬂaﬁg}lﬂm&ym §wa-a§%mm ! wwﬁﬁwm
A 1 1, vslue) } vorSensa) =} goen)

1,  as/ap £/ Gg*ipee «3, dgey
B,  AB/Ad pe/2 dgse Vy+iDg €y

By Mu/ab Bfe dgedyee *i0g by
4,  4BfeB po/a dpee Vpello dy

8, apfad{o) B/8 e Veudly

&  w/od@®) P e ViiPy .

7,  &bfsb po/a adpec Veeidy =&y

8, ob/aB B2/e wigedpe e =30, e
9  asfad pafe “dgre Vyeido wg

10, ob/od B/ wdondpte willy adpedy
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42, Gompdder pow the distedbutdon of ccoh of tho throo vardddes 544 83
md X3 4n 0ld tho ten gopotypes sopuratody, Tho phonotypds weluo Xy ¢en bo
dongidored 4o Bo nowmslldy dicteiduted vith on ocovironsented vordenso'v'about
tho soresaponding gevntypde nonto, given 4n $uble 4,1 for vorious gonotypes,
The othor tuo veriabos X3 and X3 coouno donstent veluen, odnge within o
genotype o33 voikes gomein conobend, &inso for & nofmzd distribution

By w0g9 By o Uy ond K3 end highcy » oy tho curmlonts of tho dictridutions
of Xgy X3 ond X3 ocn bo written for overy genctyps oopurabeldy, Thoy heve
bacn sheun & toblo 4,3 n tho oot colunn of whichy tha joint cumulant
funation »a,Mam for 533 the theon varisbloes hos bous sdven for ol

genotypon geparrdody,

}:4
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Tohle 4,38 Cuzndonto for distributions of voriobdles X4, xa and X5 wnd Shedr
JoAnt cumplont function for differond gonotypes,
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8,3, The joind momond genorating funotiono for the vordoddos X,y A3 ond
X3 sorroppunding Yo veriobo genotypes oxe given by the 'e* raisod to the powor,
by the oxprasciono given 4n tho loot coluzn of tho todle 44,3, Tho memont
gonorebing funstion for the jJoint diotribution ovop tho uhols Fy 8o the san

of tho ceprosponding functioms for tho ton genotypon multiplics by tho

relotivo frogaonsies of the gonotypos, IV $o thus given by
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funncdzen

Thio 4o tho monond gomorahing for a nodol convlsting of o polr of
Mnged feftora, the momgnbs ond preductemomonts boloy given by cogfficionto
of tho vopdons tommo An %5 tg end $3, Ob furtbor oxpsnolony tho dapreasion
in tho btyookot oep b0 pub &6 o tobuder forn choving the pooffiotonts of tho powero
of (t1et3) on the ans hond end the csoffdsionto of tho pouges of Y3 on tho
othor, Thie hes boun gived &n S6dM0 8,3, Tho veriono termo 4n esgh cell
of the tnblo arc oo longhdy that 4% 4o very Aifficnls to pub them to furthor
glgckmeic trostaond, To oveid this tho tepmo hevo boon dencbed by tho dettore
{844) co ohoun &n cech 0old,
444, Using $ho notetions Ags'o, tho momont gonereting funetisn givon dn
toblo 444 don bo mm vy

o ¢
o T { 14 tp(b1vt)%e Agpitasta)® + wasane
o B39 (528908009 B4y (Byeta)%g ¢ s
o boghaleigg (yetglBia® ¢ & g3(447851%2 » veas 2 :

The correnponding cusulsut funotion for She joint diotritation ovor
the ubolo Fz So chvicusdy ogiad to

v %ﬁ# dog EI.* &39“-14@3)3@ e ® aa(ﬁxﬂ»a}% + oo ¥ %3‘32%3“‘%)8‘83 4",§ .

Tho ot 4o the brecksh gen bo cxpended e log (14x) glving tho cwmnlent
funstion An tafoo of tho povoro of 4y and (Sgedy) vhioh hew been prosented o
tebio 4,8, 40 v form oizsior to table 4.4, |

Tho cugndest K. o 80 Sived by tho cosfflodant of tho tomm

%P‘%Q‘ _# |
) in tho cupenofon of the cumbient fonotion given in toblo 4,8,
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Teble 4,4s Uomwt genercbing funation for pelr of linked fostors (Linkod in coupling pheoo)
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Toble 445 gives tho cumulont funstion of the Fy dictridution for o
podol sonciebing of only ons polde of Mnkos feotors, In ange thoro gre
rore thon ono dndependent pedro of linked factops, then the ourmlent funstien
of tho Py distribution for thet model will do tho mm of cwsudent functions of
tho sndividusd ifnkod poifn, This 4s only in tho omoo, vheyo tho individucd
dnkod polro ero indopentindly dlstributed ovep difforont chromosomes, In
thet 6ooo teblo 4,5 con b modifisd eo o to give o sunulent funstion 4o the
onao vhopo thers ero o given nimboe of Andopendeatly MoRed poips involved in
tho modod, Tho tofms 40 0osh 80l) of tho teblo will heve to bo peplcosd by
tho oun of the sorrasponditg oM folated to ddfforond linked pelra, which
den bo abtelned by deloudebing differont velus of Aggto nvelved for oosh
Muliod padr copovabolys I BedRe 4,5, the Jotters 8j4'n choun dn breoket dn
ooch 00dl denoto tho cum of the dorreoponding expressiono of thet ¢old 4n
4440y over ald dsokod poito, Thus tho madiflod table 445 4n Byy'o vild
donnte tho onunlent fundtion of the Fa dialeitytion for thoe model dnvolving
vorsous dndopendont poiro of linked factops, In tho omeo of ¢no ldnked pade
ondyy By4'o w422 tienote tho vorichs cappescions in &M'a of the ooppooponding
oolls en thoy ero,
G493y Uhide todng Pruse’s techniquo oo mentloned coplier one hes to £4t
rogrosajon iines of Fg ohoresters on ¥y - porenteld voluos X34 This melios use
0f the verlous momenbo end prodeet momenbs of the ¥y distridution Joindly
found avoy oll the Andopendent Jinked paies snvolved, I thns booongs
posaapary to trenoform the modified toblo of Bu‘ﬁ $nto o Lable giving the
momenh gonoroting function direstly n Serns of tho eoaffisierds of veydous
tormo 40 ty¢ b3 ond &3 from vhich ony aonent or produch momond Gen bo pacdidy
found fo Bo0; Teblo Gob obous those qostfielonby La totma of Byglo, Ib mey
% dorno 4n mind thed tho nototions A45'c evd Bys'o hed to to voed only to
arpdd the lorgthyelsoberads Oxprossiono ond to chorben the voriouo sigvdralo
ppodetions fnvolvod,
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Sels Be now conpddor podels with o pingle polr of linkod factors, Theso
nododn ere boing dealt twith in tho proaont chaptor An viow of tho faot thod
for the modode Anvolving ono pole of linkod festors 48 %0 poooible to
ortmorste nld tho ten poosidble gonptypon ond calovdato the pastlto of
golostion diroatly, Dot only loas camputetions cre Aovolvod in thic mothod
of ommorstion but akso 3t 4o more noourete oving to fover opprozimotion:
Anvolved as compeped to tho gondrel Fogression nothod given by Fantoo,

Bonotdng tho fectore involved Ly hec ond Dely the ten gonobypoo
cod thodd peletive frequoncies in togmn of p end ¢ (wlep) 4n Sho Py coo bo
aat down as follovos

aB/an Ffe b/ B(R) /2
aa/ad po/a ad/ab pofe
Ab/ab #fe oB/eB Pl
AB/uB pg /8 s5i/ab po/f8
spfeb(e) &/8 ob/ob £/

In nll tho models diconsced in tho prescont pepery the genotyplo
velucs of tho varions footore a0 espumod 0 BO ogual, Hopooftor thels
sazaen gonstyple veduo will bo denoted by the lottor et oo thod

Qg & Q) B seves B g, '

In tho sodolo Bolonzing to class I, thin velug of o 4o gloen
vhoroos AR tho gsaco of alagn I this om 1O coloulatod with the holp of tho
ghvon yoluo of thy Fy gonotyple verdonso, With tho knowlodge of 'ef, the
gonotyplo velue of tho Fg progony mown end tho gonotypla vordenso vithin
progony ore kooun for cooh of the ten gemotypes, Tho phonotypde valnes of
thess genotypos wAld Do gootioend about thols gunobypde velucs with vorienso
fepreventod by the covironsentol componsit'v’of Fge vordendo, leb T be
tho dogdoke of tho Fy ddotribudion for the poqired dovo)} of golostion



gg

849, 10A, Correspomiing $o occh moded ono gen ¢olowlete £ woing the
prosedure given sn the noxt paregpech, Kpoving € end bepse = vE, the
eoton) dovhabo boyond which tho ¥, tndividusly ove colested 4n different
ewoes, tho proportiany of Giffércod ganotypos AN tho scledted populetion
goni bo obteinod and from these the moan valties £or vorious propertdes aon
be soashly soloulsted; thayedy ghving dircasly tho reanlts of celootion,
Vs poctzed hepoy 8o tobed Ppe vardcnce 4,04 the cum of She Py genotyple
vetiense onid thoe opvisoomented vardence,
Bely The deviote T , oo montioned obovo fo ospresoidle in terms af the
normal dovicto’soorPouponding (o the asomo levol of solgotion so thet
of T oud coaffisionto ay by 0y 4, 0,000 which Gopend upon tho cimplante
By Bgp o00,0f tho dlotribution andor study, by tho palotiuns Kqea w a?*.
Hon¥ » 2¥y Kz o q?af 3 oboy & cnd V bodnz woopectively the moan end vordenso
of tho narmad diotyitatiop (Gornlab & Fishor, 1637), Tho various cumolants
Kgy Bpy owes oen bo Found from tho tebdo 4.8, for differend modods, For
sonvgnicnsd the veluco of o end V hevo boon teken to be Ky{e0) apg K3
ronpeotivoly, which poduses tho oxprossion far S o give

o xecdo{xlel) o cﬁe (xBabn)e % (2sPe2x) * %h‘ﬁﬂmm)
- % (x%a32%3) + % (32508328217} o %3 (aPe10x%152) s
%1&:%@343&3) o f(edansdiata) o g% (saxe108a%s10%x)

. %g (38854 6naae158 12,

In our mofiodo thape belng no dominango, tho coofficdento o aml o
ape £0r0 ond hende on substittbing tho vedus of tbo mormed deyisto 2 oquad
to 1,28150 for 10% doved of colegtion, the caprosion for 5 feduous to

5 1,201580,072094 + 4008272 ¢ 4007T&"
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By substituting the numerdool volucn Of tho ocpeffiodents ¢ end £
coprooponding to onch model, tho ealuco of S have buon obtuoined for add
modeda, Tho vspdous valtice of T for tho modedo vith ono ASnked polr ove
given &n doble Sl

Tab3e 6,18 Veluss of T for odegs § snd 1T modolo with
ona Mnked poir of footors,

_—
_ 1 g

1,8853175

1 13086019
3. 040 1,9945431 1,3049573
3, 0,20 1,2585728 £.5010789
4 0438 3,3989397 1,3900686
B 0440 2.3006372 1,3827489
Gy 088 3,8205957 $,2905066
% 0450 1,2803205 143833309

- e - " : " -

8,8, For $llustecifon of tho entmerzbion mothod, 1ot us toko the moded
vith p » 485 fron coangeb mofeds of olasy 4, Tho Fy genotypdo vorkenso

H'P, 3o given €0 bo oquel 10 4,8 nits, fgatn A¥Fy o H{ A Pedr e (1a2p)0oty)
in tho sbaonoo of domineneg, FOp dgy o 8y & o, 5%3 [ 31;3(1-5') whioh

gives tho gonotypdo dalus of o fasdor w'y
iep

veltos of K%, & 4,5 and of p © 438, vo Rave o © 1,0 unit, Tho Fz gonotyple
galics of the vericgo genotypos ¢on then b knoan, For Snstengo the valto

fap the genotype AB/ADR $o 8,0 mnito snd po op, Tho sctuck deviglo for _
104 codegtion of the bighest pheootypea fo T VP w 1,8020607 x /55 » 3,4189613,
meacired feom the Py zeon whdsh 49 eoro horoy ont tho opcle 6F gonotypds veliss,
fo find the proportion of tho gonotype AR/AB, uhioh Lo gsolesbod, w0 caloudete

« On subotituting tho
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2. , the festor /2 An the

the nomnld deviote given by
dencoinstor bdng the aguere foot of the velne of the environmented sompenend
0f the Py » vericnte assumed i,0.%v}

The noresl deviste = -&&%ﬂh 296280

By entering ‘the babid of thé noruol prodability Antesred (Tsblies
for Sbetistiatens & Dicmetedadms Vy B Pearson, 1930) egotnst 4he cbore
valte of the nosmel devists end going Antoppolation 4% 4o found thed
{1wa6164701) w (583380 of tho individuelo bolovging to thio gendtype are
selected, hio eonatifutes o (,3685200) w 0035026 of tho whole popuation,
§/é0 botng equsd to /2, the fpogiensy gorresponding 6o tho gonotype AB/iB,
djailordy the proportions of the obher genotypes oun do found oudy Thess
progortians tetol Upto 4300303¢ wbich Lo quite 020se to the frestlon
svdeoted oo mighd be expedtod, Holing uso of these proportions, o@ gen
¢aloulabe the gengllo edvonde end vorjous otho? Fge propsrtieo,
Verloys Posndts of scleotion Be®y beon pPosented An beblas ByB ond .
Be8 sopuretely for modeds of olegslond of olesa IX wAth ano podr of Linked
festors, 49 etoted alfeedy, the velus af Fgw gonotypls vardence H'F, fo Ak
61 $,5 onits for class % models whereso for 0ddss I models 3% As ohurging,
Various walueo of H'F, %0p Aettor models, found uith the holp of fxed
megnitude of the foatars e tho verioto cobresponding voluss of the
pesombAnabion fruction 'p's heve been ohown &0 the 18sb colunn of the
table S04
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Teblo 8,8 Reoulto of selostion rm' modala of ¢lnss 1 with ono poly
of ldakod Faotorn vith H'7g » 3,8 units ond cnviponmental
verimics *v' » 8,0 andto,

R T (®) (3 { @) ] (&) () { ) ) { ()]
Lindt of }Adwenoe 1Py edvense) Ve e ¥
the § *p'laclcativo [echieved !ass propore] H'Py Hig | RT3/t v, H'Y,
{mivonso qmm tion of { i ) withogt
theb seleotion
’ _JAposaible | A L - _ - t
1, 000 3,7820308 1.,508G568 77,068  ,8201033 0067802 «,4855860 8031906  ,7300000
G 0o10 1,8387439 1,3476343 VH,01%  ,8300016 BYSCOTY «,5B43A03 ,8160045  ,6302383
3¢ 0,20 1,9308000 1,35800R8 40,864 (3333073 .(R00D02 «, 5000385 (2602160  L687H000
4, 0.85 8,0000000 1,8560580 O7,808 ' 34506576 OOLOV81 #,3332307 ,28YQB6L 6350000
e 0490 848300680 1,860647¢ 61,818 4831532 ,7003116 «,500830% ,3003083  ,6300000
b 0485 8,B354068 1,37A3V58 08,858  L48507BT ,74BT00L #,5026440 +3073785 6334369
T D50 8,4494500 1,381873% 56,898  (O51Y576 7015337 5124700 3033860 7500000

Table G468 Roculdds of solcatdon for modols of olese IT with ono poir
of liokod fedtors with genobypin velun'e's 1,324%432 unites
fixed for ocoh fostor & enviromcnbel voriense "' » 8,0 tnita,

@ 1 W 1
Lindt of Jbdvenso i?
aeleative jechiceved
edyanso %m F3

3] 3
ofigom
o o3
proporte]
m of
thot
] ible

&)
:
5598

Salogk (1)

- woied

80,098 2045187
86,635
934815
4975
GhaR4p
604895

56,895

B4 2164783
840780790
1,0180748
1,8368419
3,6734831
144702830
1,3813732

weGB0LTRL ,TV2L060
#,58303¢0 (6185273
»,BIT6E3T 44780633
o 4925068 ,9180063
~, 3800490 (2TI2310
- 2306140 42040378
= 3124709 LB833560

1, 0,0
B 0,40
3, 0420
b 0,89
8¢ 0,40
b 0445
To 0430

3,4094864
840494004
3444040860
3,44800060
334948064
244494360
244404800

«B826561
#20753446
#4876043
+51800318
«35LY5Y4

b
8
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Bedy To extreod more Snforndbion ond to meke tho rooulbs of todleo
3¢8 and B3 hendy, thay bavd boen trensformnd ¢o the desis of unit

Fge genotypdc vorianse ood cro pub 40 tadles Gud ond 40 pespestively,
This teonsformetion o done by dividing the rennlts for (1) Gemetio
advonse achicved (3) Hesn gonotypic varionse within peogeny (viah

(3) verionad of pragony oown @7 ?3), (2) aoverfensa botwadn tho progony
nbon ond gonotypde vordondo vithin pragony (a%'gﬂga} end Jﬁ) mrgma of
gonotypie veriondo within proguny va o by ,/g-;g 0 n"?a. Lﬁﬂvb’a)

ond (a"r%ﬁ vooputtivaly, Tho volue of tho Fy gonotypis vorlonce moy
chenzs froo modod to meddd particulorly it tho 0ong 0f models vhore
aemﬁyé&u voduo of the fo0bsr &n Reopd fixod, Those tronafornme

eneble the vorious $ablew to bo used moRo ocally vith other genvblond dabeg
ofnog 48 HiFg » b $he vardouo columno f the tablog oo bo muAtdplicd by
the foctors choun An tholr bottom pova to give the volunso oppropricto fop
the oesap gndey conoidergbiang Also they ¢on bo uscd Lo compoye with tho
¥y values cokuodly obsepvod c0 oo to enabdlo the plomd trocde to £4¢ o
oudtible ganotis moded to his ocdtuntion, 42 possidlo,

In the Bort column of tobls 5.9, tho oovrespanding shengod valico
0f tho enviranzantal Porscnco es c@alnst tho andd valse of H'¥g, Ravo aloo
ma&mwh&ﬁhatl.;bmuﬂ to judge how verious posulto ero affoctéd vith
tho ofsultonsous ochongo dn tho Alnkege volte andt tho oavironoentsl
vorionod, &g otromned gaplier, 1% is not tho coviranmerd
gonobyplo verdango Wnb thofr robio vhich do dmptrtend,

Sa ¢ spedtdd doso tobdo H¢3 dan bo put 4n the form odbednsd aftiP
tronoforming tho peoglta to the basfds of fixed gaiotypie voluo ogual to
undtys wbich will shengo the envimmiantal varienss froo 3,0 unito to
1,3833333 units for 'old the codsls prosanhed &n that table, Tho HV7g wAll
asturelly bo different for ¢hfforont mododos The teencformed valies hewe

L or the
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Toblo 8,48 Roaulta of solgotion for models of oleso I (Teblo 9,3) oo
tronsfornod to bacdo of undh Fge gopotypdo vordense, vith
teonsformed velus of cmvirormontel vorfendo o' » 1,3333383 unjto,

m{' ) G 1 ®r () GO L W) (€))
. lmﬁa sohsored Jog ngmmma vy B SR v o
'p
edyamzo | §n By ﬂ&un 8% Vrg witBout
. i osoloebion
I | smslml_ A
0,0  3,4103186 1,0069148 97,965 (3361803 ,B0A5205 #,3370787 1600180 ,5000000
0,40 1,0007180 1,1003358 V340874 LG157277 L30B9051 «3102888 1404030 6335556
0,80 $,0531330 1,100600%" (9,865 ,2814708 ,0078268 01877881 4106318 44250000
0,83 1,6330933 1,1072183 §7,808 (3804388 0308031 1706607 ,1088593 4166667
b, 0,00 1,5337420 4,32909860 61,805 2003045 4738940 », 3637680 ,0909340 4833338
b 0,45 1,0068333 1,1881932 83,854 5320100 ,0051890 «, 3047350 0031836 44500009
1, 0,50 2,0000000 1,1873048 86,398 49078334 45310318 =1700025 1038027 43000000
] v .
ore H'F 3
nge w /S A ] b b b & B b
Tobo 5,51 Reoudbo of colestion for models of odeso IX (Toble Dy3) mo
tropsfomecd 0 boslo of undt Fpe gonotypds verience,
fs.ua;x W1 wjé e@"i; @ T g&mi €Y R N S ) R Y N )
VoS @
zm tp* Joclootivo; & proposs z:?a*s h"?’a }n%/vm v Environe
wisl]  fodvenso | 4n Fp  jtion of I 1 "1 oy acatod
I thel § I Yerimso
I posudble L _ i oyt
L, 00 1,0103126 1,2796843 00,405 0009712 1723683 1312073 ,035VB96 04667
Cd 0,40 1,0907IB0  1.3616345 B4,03F 1830000 0305077 «,8830400 0808060 0,744
3, 0,30 1,8313339 1,3881445 9,855 1900400 3504305 «,1410105 0830970 0,630
4 0,23 3,6329983 1,8203378 TROTH  IO10NG 5329030 w.4430277 ,0819903 0,880
94 0,00 1,0057420 14728083 G4,80F  (BV0D2ED 4810300 e AVTBTEO L0036057 .8
6 0.00 1,5069353 31516000 60,895  LB139680 (O742007 1625853 ,0808763 1,818
N 050 340000000 1,3378005 56,OTL  GBOTOIN 5210310 1700026 41033037 1,333
- were 1y | .
it by /5 ft‘:" L b b /2 ¥ b
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toon given §n tabdle Beb with the corrosponding chargod volbes of Fge gomotypio
vorienco dn verjoitn Gonpa, Tho loob wow gives tho corrotiion fector with vhieh
to nultiply difforent vpluso 00 sa %0 give rosults of vorlous proportien for tho
oodolo vith gonotypds volue o'a'nnity £ixed for each fastor,

Teblo 8,61 Rooults of scloetion for modola of olgss IX {Todlo 8,8} e
trenaformed to beodd of unit genotypioc Veluo for ccch footor,
vith trainformed valine of covironmonted verdanse'ytel 8533389 unito,

3¢y m f:) N SR ) (@) ) S 1)) T %) ) im )
of | Limit of {mvme F3 edves] = i
the } solostivo [eohsoved [nso o8 )| Hpg a’?a Iﬂwgaﬁya ¥ i
eoted pvonge J§ dn Fg I i s °’° mm
| b e L e
{ { { mazblﬁi i E im
1, 0,0 3,0000800 1,8087498 00480 L1003435 (3057315 e BU30245 (3431586 8.0 1,000
2, 0,10 2,0000000 1,683663¢ BE,09% 2283897 (AR3L189 «.8200808 ,2745030 1,8 0,820
3, 0,20 3,0000000 $,B061081 75,815 LA05100% A00T767 »,8873258 43124739 1.6 0,680
G 0,35 2,0000000 1,40086G8 94,0V 3717811 4800163 3630367 ,1844092 1,5 0,623
5o 0440 3,0000000 1,8047448 60,248 S251078 (0183167 «,2063703 ,120807% 1.8 0,620
bo 0,85 B,0000000 1,3073208 60,368 8053879 5816308 w=,1075847 1097508 1,1 0,508
To 0,80 3,0000000 1,1278068 36,895 (367838% 5310318 «,1700938 1038027 14,0 0,500
boks Jatagse
gy 8 i
initdpliad by o n 1 o e & o &P

Tho various rosnite gtven in tho cbovo ¢edion bove besn discupood &n
ohapto? VIIL in the light of Mnkeme ond othar mopeots,

It noy bo mentdonod bore thalt tho enumeration mothod hos slso boon usod én

getting tho pegults in tho ooso of mpdods of oleas 11 uith tvp Ladependent pnis of

linzed fostors, sprrt fvom the gonopel pezroacion method, Ib hos been dano 4n

crdop to noe, how much wmpproximotion 4o Anvelved in the gonorel mothod porbdicnlorly

in the preaonooe of linkeze o9 compupod to the enmmoretion mothod, Thero &0 no

tionbt thot the raculbs given by the erumerction motbod of0 moPo Cxcod ao compornd

to the gowrel nathod,
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bede It heo been mentioned sarder, thot 4n order to uoo the
etatiotionl mﬁn&@a given by Pmsc, ano hes %W £4% vogrossion Mass of
‘"s chapestera on Py porcatnd velute Xye vhiSh mokes uso of tho vertous
ente and produstensuents of the Fpe distedbution, Josobly found over’
g1l the intopendont patve of Mnkod footors involved, Teblo 4.6 gives

: cmonte end productemonenta for diffopent modols
(vith no dominango) oftGr kKnouANG tho veluda of voriots Ays%e mnd Byg's
involved thoroin, Agyto-bodog the funcblon of the Mukego yoluge of the
" fvo indopsndant pairs of Mnked festors {p end pby ooy 4k tho prosond oose)
' ot of $ho'génotypds velien dgy dpy wee Gt nd hemso of 'af, s4000
"Gy ® ) B 4y & esees'wtatfor old tho obiels,
In glasg IX mafelds,'n’ fiag o £i204 volus, whorcas n dlews 3
" mpdelsy 'o* omi be eotineted fron $ho aiven veluo of H'Fy, tho Fye semtypic
" wardanso 4 diffopont modols doponting upon the velues of p ond p* token,
" Aftop tho gendtypdo voluo tat fo kosum for o psebiculer moded, the momonts
td the produstenomente £or thod modol osn bo odtained ozsily fvom Gobls 8,0,
Thooo hevo boen grouped in tedblos 6,4 to 6,6 for convonienso of labep
Qeloulotions, 21} tho damende ero obout tho means of X4 Xp end Kgy 40
tho t4tio of thio ohagbar chown, tho modeds Lnvolving $wo Andependent
podes of Maked footoPs bolonging to both ¢degugo widld Do docdbt hopa,
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Toblo Gods Homenbo of X,y Po» phonotypie voloe for mndodo of aleos ¥ & 31

(313 odd monomds » 0)

Toluca OF 'mwantaifarmaoxaafamx | Poveyn of 24 for modela of olass 13X
ﬁ&m :é 2 xﬁl nf" 1 xf x{g a;é E &g‘
e, 1 ™ { ; 14| P .

Pp'e0 Be5 B85,6250000 H59,9875000 158246,0318300 5.0 70,5000000 1560,5000000 463144,8000000
pp'm,8 BB  B5,7056850 504,1470403 13507,0383970 4,4 59,3600000 1182,5100000 30591,3345000
ap'ed 8,0 85,0816327 357.4044343 13656,1477519 ¢1 40,6300000 030,0675000 26167,4011850
Pt BeS 36,0000000 600,38062350 £5999,TLET060 3,0 43,2400000 764, IIN0000 18044,06407500
Pp'ed 3o9  36,5876000 613,4375000 14G00,6035156 5,0 36,1870000 &614,4575000 1040046035156

- Toblo 642s Frodugbenomantas dse Gonotypio neen of ¥3 prageny cod povorn
Of 344 Fge phenotypic value, for modolds of ddnoe I & i1,
- Eogola of osea I R Nodols of aleas :;3; ;
voeloo | Bz | mgt,  Iagx.> i z Easa 73 1 mgm  DxgnySl mpm, 'iﬂau:
mide _J 01 Ot m pein ] fory
pop'ed 0 1.5@90@# ¢ 14,&%&% 0 0 B,0000000 0  40,5000000 O
p'ed 0 1,5000000 O 14,7486330 & 0 3,4000000 ©  20,1600000 O
Pedep'med 0 15000000 O 14,8816336 0 0 3,1000000 O  24,0800000 ¢©
peptegd D 1,5000000 0 540000000 © O 1,8000000 O  319,9400000 O
el D 1,5000080 O 35,38%8000 0 0 1,5000000 ©  15,1875000 ©
Tublo &34 FProduet sooientay Genbtypdo verdonoo within progeny end
mmﬂfxlprg m?mmmmwﬂmﬂzéuo

ks o et sy
mim i ag 333, 3331 Boxg “3“1

pode i.. %8 | i
pepted o D =,56R3000 ©  #10,1250000 O O 23500000 0  «54,0000000
Ppleyd 0 0 4073185 ©  » 7o8070330 0 O «1,0000000 €  «33,0840000
predspleed © G w,SV03B06 O & 6,8883471 O 0 «0.7330000 0  «33,3530300
pplogd D 0 3000000 0 & BG50890 0 0 e0,4B30000 0 e 8,7953000
paptosd O D «,3088000 0 o 5,9845750 O D #0,3812800 0  « 5,8343780

3
L
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Tablo £401 Produstespuontos 83 2 oguero of Gonotypde moon of Fg prozony
ond tho powars of Xy Fa« phenotypds volue for cododo of Glass I & I,

Mo 0 T ' (1
@LL:,’; e ksﬁjfmzsgta?::z;ai xgoe? : 55 iﬂa a?t"’i:;fsga:gx a0
apdels L ] L i L. .
pepled) 148 0O a‘éam 0 154,1873000 3,0 . 0 23,0000000 ©  035,5000L00
ptmd L8 0 6,T656350 6 186,3660803 2.8 . 0 16,5000000 0  B53,6300000
Fip'eed L0 0 B.B3LE356 0 220,0700366 8,4 . 0 15,6300000 ©  251,5275000
piteed 1,5 0 9,0000000 O 120.3006350 3,8 0 13,2400000 O 186,0B850000
Pptesd LB 0 0,1870000 0 131,0620000 3,8 | 0 9,1075000 ©  181,0625000
Tablo 6493 FProductemmmenty, ¥n Xy product of Fy prozony moon end

gonotypie verlondo uithin prozony mnd poucps of Xy,

Faa pmmtyg:l.a veiue for rofoda of odans I & 31,
Valuss of - MMWQM»@: 1 Hododo of odess 1X ,
pép for ) 3 3
iy gaanaf B iuaaaz: agn gl i%‘s“a. kaaakaﬂaax frtan’l — laaxaaa
pled) 0 woB635000 0 «6,7H0000C O 0 =2,8500000 0© «40,8000000 0O
P'ml 0 e, 0078335 0 «5,0410838 0O 0 w1,0000000 O w16, 9670000 O
padetoed O @ 8765806 O «0,(30068¢ @ 0 »0,7300000 O w10,0300300 ©
ptngd 0 elB000000 O ©3,8859378 0 »0,4320000 O o 61065000 O

8313500 © 3, 7863750 © 0 «0,2043800 ¢ » 37068750 0

peptegd ©

Table G461 FProtpobecimonto, & 8, gouoere of émnty;m vordonss vithin
Fy progony ond pouers Of X4 Fp phonotyplo veluo for modolds
oﬂ' oleco ¥ & 11,

'ﬂm £§, Kodeds oF g3eno 1 1 Todeko efaa&gau 11 a i

mﬂﬁh { o f‘aaﬂzi} #3742 f‘aa“:ai za | uf g'aa‘ai 3% f‘ag“s. i“aaﬂz |
Pp'al 2383500 O 49343750 0 1,0068780 1,3300000 Q 5,6350000 O  ©4,5000000
Pptmad  G1088B08 0 L6537850 0 T7.0672602 0,0930000 O 3,06314080 O  39,1135330
Pyt 170088 O o5OTRTES 0 63000770 0,8875000 O 148020850 ©  17,3133763
mpteG 41850000 O ASB0U6S 0 4.80(855¢ 0,1800000. 0 0.6804300 O BL580763
Mp'nsd 3406250 0 0621898 0 5o0443203 (0.1406250 0 Q008188 0O Bg4048243

’J
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602,  Froz tho oomonbe end productecoments obteinsd sbove, fourth doaroo
pegredoian oguotions of five Fy proportica op Fg parentol valuo (Bg) were
otlendeted for onsh codel, Tho five Py propertlcs oo (1) X3y tho
genatyplo oooi 0F Fg prosony (2) Zg, tho gonotypls vorjenco vithin i
proseny (8) Xphyy tho product of progeny mevn ond vorfanse within progony
{8) 35% tho aquovo of the Fy proyony neen e (8) &%, th4 o@wo of the
gonobyphe vardenve witbin Fy peogeny peopedtivoly, Tho last throo quontities
"ef0 wooful fov delonleting tho'qovericnsd of Fy progony com ond verdendo
'within prosony, the verdmos of progeny nerh dnd the verdonso of vordcaco
vithin pragony, peopectively, 8indo pogresolans of Pive dogondond

vorfolas on tho ocho fudlopondont Tordodo ofo to bo onlsulotads A% 4o
sonvendend to obtaln ¢ho coverSenco mabsix 20¢ ouch of tho modeds from

tho otments of Xqy tho fndependont varketo, This wao dond for all tho
podolo fnvoleing tvo dndopondent paive of linkod fostopoy Singo tho uudols
oo without dominongo, tho odd conents oo bl soro ongd cohaognentldy tho
olbarnado cecooffiodomts dn tho notedccs obbalned arp cloo govoy Thup n
rododa wath pop'sQ, belensing 0 the nodods of odsos 3y UO havo tho
fodloaing oob of oaintinng fof tho onlculabicn of the coverienss nobring

Lo 0, By 380 ¢ 0ob o 35,6350000 B , «d08000
Gud 2 8,88 ¢ 0,0 ¢ BI,4250 « O4E 01009
BeB0 o 0 18 ¢ 83,6350 # 0,0 o §87,43788 ©n00100
Ob # SD,0858 » Q0 ¢ G87,4078 D o 0, B aB06010Q

89,6250 ¢ 0,0 ¢ B3T,48750 + 0,0 » 43216,081852 D000 &
s0iving thiwo aobs of ocuatdons vo obtedn tho folloving sotyixy
0 42380075 o wzzaaa&?
+ 7463800 o * 0852708 g’
o 1830563 ¢ -, 0071060 ]
w4 (052731 0 0028ATO o ;
¢ »,0072060 9 . o0083538 )




By toking protuot momonds coyrosponding to this modod £rom the

30

approprioto wodloo (6ed 10 646)p WO obtndn the cooffislents A, B, Cp D

oud B An pagroscion équotionn of the typa ¥ & Mmlwaiafmatﬁxfg whape

y stando for ono of the fivo propovtics studitd, Thus vwe have for ¥ o x3,

- 129803410 (0} + Oy (348)% seeer
B e 0u(0) * 4904688 (1,8) » yypanueo
0 1 3380075 (0) * 0 (145)% asseqs
D e 0, (0) o o0052731 (342) # sases
B o 40120986 {0) ¢ 0y (125) + ceuse

&0
B 28376760
w0
5 -, 0028593
s 0

In the prooent modeds the coofficlento 5, O; B turn opd to b0

stro £o0 proportics Xg end ZpXg, whilo coofflolante B and U opo goro $n

douations for the pomeining three proportics, Thoroforo the achebiono

mnfﬁbefemyn&;*ﬂzia a:ﬂyuﬁm;a-rwﬁ in tho tvo ocges

#oopeotively,

Tho pegroasion coefPiodanty for the varjous propersics are
gived bolam, for mbdelo of olase I & 11 30 toblop 6.7y Go8 oad 6,9,
Tudblo 0,71 Rogronson couffickonts for aqustlons of proporties Xg
Genotyplo meon of Fy progeny end XgXg, produst of Fy
genotypds moan end ganotypic verlenso within progeny.
{oquetdons of the typo g & &xy s 0x32)

Vaos el Fodola of elass 1 Mododo of dlass 11

eseig i B yxmaag } s 71T B inaan } g g0y
Fp's0 45767590 ©,0020093 @ 31305207 0085593 6443028 «,0001580 «,5381063 «,0183326
Pp'ned  oABIT0TD #,0024598 Q86120  w,0056900 o S7SHISD «,00272388 3287563  »,0035139
Fapp'oa 0 oA518681 #,0023708 0782073 #o 0033573 (8416752 40024350 «,1068887 «, 0061633
Ppload 0073207 0018330 »y 0507048 40034085  ,0051859 «,0058271 »,0611088  ,0007502
el (4034007 +,00LBIB0 we(023068  © 0036990  (4AZ4007 w 0013583 0831003 »,0036004




Tablo &.8: Roagrocsion coofficioxts for sgunticas of propestics X5 Sonotyplc werlanes within

progony, X3 end X3%, scuare of Gomotypic moen of F3 progony for olsos I podele.

(e@@tﬁ&ﬂefthsty@&ysa-tczlaar q’]

Voauos of p & p*) 7 e X, —
Tod i xg ¥ = xg ] ii ¥ © %32
gadole S | SO S N Y § 1 E - A 3
pop'=0 JO968360 -, 0312062 ~0003623 2827307 ~, 0067458  L0003408 9318353 1874772 -, 0021839
pepR.2 ~OEBE36T ~o 0220335 L0002386 2082315 =, 0048620  ,GODL983  ,913912¢ 1868056 0018733
DoeBs pued 0634804 » O2040938 20003323 1795383 » 0036208  L006148¢ 9102728  L185884% -, 0017043
pepte.d 0458359 = 0150952 0001238 1286666 -, 0031573  L0001116 8981208 1365783 0014284
popTend 0438633 w 0183447 0000784 1445069 0023018 0008129 LB358594  LABEARES  =,0010997

Toble 6,93 ion cocffickents for equations of propertiscs Xy, genolyplc verlonsoe within progeny,

X, end X532, aquore of gonotyple moon of F3 progeny for oless 1I modols,
{oquotions of the typo y o & + 02y° + Bxy %)

o Ly N L ST SPY,

godol (s 4 e x ® { a ( o 4 & _f s X & _j E
p°=0 2890958 Q672318 0006668 1,2320983  =,0453073 0019096 1,2630338  ,3033923  -,0039989
PR 21457861 wp0377856 0003693 5358828  ~,0L63000 0003989 2,1575857  L3190147  -,0035041
PreBy pra% ‘02094973 -, 0304503 0003153 353953035 -, 0088938 0003310 1,0885910 2745203 -,0023368
pep*asd +0648780 ~0187388  L0001473 1866636 =, 0036833 0001733  ,0932351 2313022  =,0017111
Pp*e,5 0438638 ~o0183047  J0DOD7B8 1445869  ,0033018 ,000R139 6858590 1860249 -, 0010977




L2

$ed1 Thooe oguaticns holp ug to obudy tho offccts of colcotion oo shovn
in tho nuxt chopber, Theso olao holp in intoppreting the polstions botweesn
the vardouo Fge proportdes cnd A,y the Fge porontod value, In this poopeod
the £irst tuvo proportios, neoly Xg, the genotypio meen of ¥y progeny

ol 235 the gonotyple vardance witbin Fy progony ero of particbler intorest
in they thoy poprovent dircctly tho quontitieonrolovend to celesticn, The
roanining throe quontities vhich ore tho momin of tho guanditics ke the
varienso of the meana of ¥g prazanies obto, also roprescnt importent
proportico of tho metorind coder ooldection, Equotions for tho firet tuo
proportico ofo poprocented graphioslly in Piguros 8,3 to 6,6 for models of
both cleangs for differend paire of voltco of p and p*, Figoros 6,8 ond 6,23
roprooent tho graplis for A3, the gonotyplo ooen of ¥y progeny for modolo

of 0lcss X and olaso IX pospodtively, Tho roncining figures corroapand to
the arepho for Ajy the gonotypldo vordonoo vithin Py prozeny,

G@s  Jrom figuros O, ond 6,8 &b oppocrs that tho rograccian of progeny
©gon on perontel valnd Lo opproximoboly Mnoer over o wido rongo of Fpe
phonotypds woliop for both gleooses of mololse Tho curven bolng oymmotrical
An firoh ond thipd quedpents tond to turn Dook toverds Kye exto efter
covering o Jncap pnth 4n soch opdo, With tho fixation of oegnitude of
ceah feotor 4n odeso IX aoaulu tho offest of Mniego on tho pearesoion do
distinntly visidlo frun 2igtro 643, o tho differcnd ourves erd suffisiontdy
dictinct from ono nn othory uniiko curven chovn &n Piguro 641 for oleso 1
medelo vith fixed Fp genotypic voricnos ubore tho ourves efo vory 6loso

to ono an other, Thio digtinction detuecn ourves shoun in Figupreoo 6,1 ond
6,8, tiny bo trosed to ths fost thet whopo Fge gonotypls vardopse 4o fixed
supveo chow no digforense ond vhore foctoPo oo fized in me3nitudes, but
tho Fy gonotyple vorlanzes ere diffarenty tho cuyves oprongo thomnelves

in the opdar of linkago, tho clopa bolng otoopop with tighter JMnkrgo,
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Thio confirps the osarvetion thed 4% &o Fge gonotypic vopianico ond nod
tho msgnituto of individual feotors, which prodoninontly doborninco the
relsticnohip botuoon Fpe valuos end poono of tholy Fy progenlos, Figuro
6,1 shous 5 vory oldght opposite trend oo compurod to FAGUPG 643y o0 for
ao thd offoct of JMnakrge As donsernsd, For a fAxéd Fae gonotyplo
verionse, tho olight diffepance 4n the elope of tho curves (Figurs 6,1)
fo doternined by the ohento in the linkozo,
6,81  ©o noxt avitch on to the roladlon Dobwoen Xg, the genotypha verdomoo
within Fg pragony oot X3y the Fge phenotyplo volus, Aotuudly this
relotionship oon be visnnlisod ns ammposed of two typso of effects, os
folloupy
(1) The solation botwoen ¥y gonotyplo varienoc and tho mosn varicnag
within Fy progenies ond -
(8) The rolation of verienco vwithin individund Fg progondcn ond
Fg porontol volucs,
Tho seonnd offect dcn be ntudicd from fAgures G5 abdt 6,9 uhese tho
Quevss havo boen plodted botween wordous veluoo of &, the Fy phenotyplo
volyo end Sho doviation of the gepotyplo verdenoo vithin Ty progeny from
182 moen oay smell B3 pa diroobdy adteined &n tho pogposaton mothod, for tho
modeds of too ¢lassto Peupootivolys #o Lheb the compordcons ere ot offoctod
by difforend veluga of ooctt vordenoo vithin Py progondes for tho difforond
nodolo,
bgeln tho sin toted of the nbovo two offcota on genotypdd verianso
within ¥y pregony otn bo studiod from tho grophs botwoon X4y the Fy
porentol veluo and the obsolube velue of tho ganolypplt verdenso within Fg
progany 840, X5 fop tho tvo olesson (Figurcs 6,8 ohd 646), These absolube
volues papro obtained by adding tho veluo of HvPa {vithont soloction)
correspondinz to oosh moded 4o thoe valno of tho dovistion of X3 gran ito
moen ag dipactly abheined in tho pogrossion mothed,
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Yo chold d4scusa tho conclusions deoon from tho abovoe tuo studios
goposotoly co £ollowos
Reforring to tho curveo shoun An fignrcn 6,3 ond 6,4 for tho otudy
beood an tho cooond offout, A% moy bo poSnted out thot thoso onrvos cxpledn
hov the wvoricnoe witbin individusl Fy pregontos 4o distridutod oround its
rom, Thio distritution bohoves in tho ocmo fochion for tho oo cloosos
of modelo, exoopt that tho curves for clann I podelo oro mopo ohorply

packed, It pay bo e point of come speolel dmportense theb for a porticulor
veluo of A3, the Pg parentol volne, the difforcnoco botwoon the vrlues of

Xy for nodols with pop'e,b md peple.dy tho conco of oztromody ond modorutely
looze dinksgo pospootivoly io for loss than tho diffopronoo of the valuos

for tho motals with p=p'sl ond pap'e,d, tho craos of oxbrenely and nodepatody
tight linkcae poopectivoly, Thic chous thot tho disturbenco &n tho varionco
vithin on Pg pragony 4o very nuech groutor for modoels with olooo 34nkc3o,
Forthor the nagimin Poltic &f vorious cuvyen inorcocos ao the ddnkozo &o
tizhtonnd, This frot &o wary volld demonstretod in the abovo grophs

(Flgupeo 643 ond 6,4} vhepo it fo obsorved that the shape of tho curve
chongoo fram plotyhartic to Lophokurtic es the linkoge gota tighboned,

Ve nov poso on %o ctudy the curven presontod &n £igupco 6,0 and 6,0
for tho tup olasson of modods, Thoso curves cxpioin tho dictribution of the
absoluto valtuo of the gomotyplo vordcnoe within Fg progeny 1.0, X5 vhich
rotunlly cocounts for the sun totel of tho cbove tvo offeots,

The Zehovioud of the dictribution of tho nbeolude voluo X3, for
vdans 1T modelds whoro the nagndtudo of the footors 4o fixod but tho Fae
gonotyplo werionco du chensing from mpdol to modod, o oioilpe to tho
distridation of X, oround its moch (discusucd oboyo) &n that tho vardous
onrves srrexgo themotlves in the ordor of Mnkego voluos (Fig, 6.6), Bub
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for odons I mododo whiro Vpe ponotyplo vordonto As fized, Sho ddotridution
of tho obuolubo veluo X, oo ohgun by curvoo An Fig. 6,8y do not Eocping
uith tho rosular teond choun in othoy gropho, Hope tho verdono oupvos do
not orrorge themsolvos in tho ordup of ldahkogs vnzi:en. ‘i.'.hia 40 booenoo of
the opovled boheyions of tho firct gffgod, nomnly, tho rolation botwoon

Fg gonotypls vorianco end the meen werdange within Fy progondes, for tho
oless I moGeds expdained holow, Uhon pepteeSs old the four festors bohoyo
independontly end when poptel, the four footodo bohovo mo twn indepontent
fm ongh with doublo tho megnitude of o fostor, In both thoso ocasoo,
tho meen gonotypic vorsanoo within Fy progony turns out £o bo half of tho
Fge gorotyplo verdomoe ﬁmetmuw of tho pumbey of indepondantly

bohoving footors dnvolvod tharoin, ihon tho factars ero poptinlly lMnked,
thio docs nod hold true, Valyos of !'ivﬁ'a for verdous modods of odess I and XX
ero given in the nizt ohoptor o teblos 7,3 ond ¥4 pospootively, It omn
b0 poen thet for clase 11 modede whovo H'F, 4o changing fran modod to
modods the welue of ﬂv?s $o not oxootdy helf of Fpe genobypis vardense for
Al valuco of p'sy axaopd ab pep'sd B8 pop'eedy though tho trens of
comtinuono Goarooss 40 tho voluo of H'Fg uith the leosoping of Anitcgo, 40
oamo os that of %, (Tublo 7,8), On tho contrary for shese I mgdeiamo
tho Fge gomotyple Veriendo So fixod to 1,8 nitay tho velue of B'Fg 1o holf
of thie 4,04 o780 nit only for nodslo vith pep'ed e pap'ay5 cnt 4o dodg
then thio for other modols vhero Sho offect of Mnheso oo B'Py 4o oignificant
{Tablo ¥.2). Thie moons thet for those mododo tho valno of HvFa firet
dcspocoos from tho volno o756 mnit ab peped end thon inorosses to give
volyo o75 tnit cgein eb pop's,b, Thio trond of H?Fa for olcos I oodels
4o oob consictont vith that for cless Il modols, It 4o Doconmzo of thio
ronson thob ghido graphs choving tho distridution of verfenso vithin
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frdividucl Fg progeniss bobevo in o normel fochion for doth aleso of
podolo (Figuren 6,3 ond 6,4), 1% Lo not oo in tho ocso Of graphs sorreoponding
to the aboolute vedus of tho gonotypio verionce within Fa Progeny,

specinlly 4n tho éncv of class 1 modols whore tho bohoviocur of Hqﬁ‘a io nob
reghdeor, Obviotply Mnkego sffects the gonotypio verience within Fy

progony profoundly evon vhore the initinl Pye genotypie verdcnso i

the temt,



Tsls  Aftor obbeloing tho regrossion eqaotions of the five Fy sbatiotond
proparties on Xy, the Pge phonotypho vnlue, oo désdribod in the provieus
chopler, tho mtan veluoe 6F thoge propovtios corresponding to the selssted
portion of the Fye pipulation vore obtainsd by the bochnique glven by
Pens¢, O briof akotoh of the method will o given bore, Tho eclection
inbonoity was kopt oomo 8,0, 104 20 woo dn the cwo of & olngle poir of
linked fogtopu, Foz thic lowvel of scleotion, tho dovigbo of tho Vg »
dlotetution £ , was deldsulebtod for tho modelds corresponding to omth
peiy of valyes of p ond pty for doth elosgas of modeldo by uning tha
proocdurs adopted 4u choptor ¥, Tho valios of S obboinud §n various ¢noto
hoye toon given 4n Lodlo Pule

Toblo T44s Veluon of T for 108 colostion for modols
of 0doas 1 and olezo 13,

pepted ; 1,2883209 1,8043574

pepteyd 9 1,8874631 1,2913493
PeBy plond 1,3870763 1.8594023
pepteed 1,8860260 142872408
P 142549069 1,2845069

_— -

7486 The volues 0f S given in dodle 744 ore in otengsrd necouve, 7The
veltos Of the =otas) devistos of the ¥y assteitution vall bo given by S
whore G $o tho obandopd deviotion of tho distributien, The mewn Velte of
eny Pge proporty ‘y' for the soleobod portion of the Fge populatien 40
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obtciniod fraz thoe inbograd

yom
/( Yo finy )iz vhoro  f(zg)dmy S0 tho

frognonsy igmua, by dividing thic intesen) by tho frootion of tho Fye

popuintion soleatod, $.0, by Oel, 50 ctands for x; opd poproconts tho

lovor Mndb of Fye phonotyplo voluos solootod, tho uppor indt theordtically

bolns +co, The function *y* tokes diffcrent vnluco for difforond Py

proporticn ond hes bown oxXprosscd 4n bermo of Pye phonotypdos velnco by

mocns of tho pegroooion eq uobiono of tho typo (L) 7 o ey + Dxia and

(8) y o »oon,? » B, Tho roired satogr@s ove thoroforo

) § oy e o, 3) 20xy )any

(8) S (8 » oxg® o R, ®) £(xgdomg
Tho f¥oqucmay olanont f(x;}aaﬁ scn bo ropresented by

3
o{ityen} aV) K ; -
; &' %" (& %T 3% etoy _%#_
e ',/’%ﬁ"?‘ ° v G2y

i

(Corndch opd Finhor, 1937),

& hos been crpleingd An choper V, wo toko m o Kg ond ¥ » Ky, Aboo the
odd cumplords ofo 3000 in our cusy, '

Thopeforo (1) j(a:,vm;s) £iny) dny

ft&l’ha) @rlﬁ. . 5&%481 h"ﬁ,a

5ds0 0inco xy n’évﬁ gy » v* i¥ , the sxmngm {2) con bo'oxpeooocd e

8
S(BEVQW gsvalﬂ)( a? %%"%’E& d§6 "‘auq’% 0’@'3 0 85 ,-

aubsummtmr.dn;%. fn;%, bﬂ%' sose tnd Poboining upto

tho tormp dnvolving b for an approzimotion, vo havo thio intezrod anil) o
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e 4 ¢ 8
& S (agvﬁwgavsfa) {0 ¢ ‘ﬁ'gu g- é‘fb g!' s?)'%ﬁ;&?.dg,

= 3
oy
tho .- o
On eaponding oaponontied ol putiing 8 for /..__.o

~§ 7P
+ho hormito polynaminals » ghvon by g—,g-p.a =§,a,m;mmu
(3) 4o yoduced to

oL
S 5w+ p53YE) oy TpodnFe (%5&0%)28) 3,45
S

Huitiplydns out tho brookobs ond oubodituting in the pPodnot
o Spa1 v Svet f67 5 Epp the imbezvnl furthop vodnes 0

I}w&gg—t . %z(gstﬁga) * %5 {§q¢6§5) ¢ ‘W%O . I%ga)(§908§7) g
{
_wa/‘:l{s gi tga - E& (EYOIB?S_ 5143 §308Q§1)0 ﬁ% ‘590315? * 10315;:!;139%8)

Bow oinoo /(§,z o g peié cod thopofareo on sntogrotion, At bocomoo ogaod tO
C 2 [mﬁ' !;. 73 Sqe0 Eg) £l TerdT4) ol b ¢ 1%3‘§8‘3§6) ;
/2 %
oD E g8 (S 05 5 4ra0 Tge20) » %0(234»31 B 410801205 ,)

&0330 *%g‘fla’mfwlﬁgbﬁsﬁgé) ; SN ¢ ¥

Tho oocond fntogerad oenh plco bo wpitien dowmn oe

j (ae0 TRys2 £4v9) (ng»g%-qaéa-o %%’6" (%9%) ga-g-g ) z;ﬂfo

vhich by adopting o proccdufo ofodldor €O thet hood fopr tho fifot Amdcacreld
mmogzeg & P uhdch 40 horo oquol to Oy oon bo Guprossod An tho fom
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Dol (Ae0V#aEVAeET3 )

.3 &(%Es gsy(-&.—.—# -g-{ajg %

{ a
ov 2 1 ¢ g;,;{gs*ﬂgs*w Sy) o 755 (E.pxa Zgeao € )*%D" %Ea)(ggﬁ?ﬁ*ﬂfg:s)

-yEVa {ga-té ix«b ﬁ%‘ggpaagsﬁlﬁﬁgstiﬁﬁgi) ° %ﬁ £'§9t30§¢353§3 *
3 )
G60E ge360% ) ¢ (zoliee + 1-4,_5-,;3-) (% 43480 g 44855 o180 S5e1680T 5) ﬂ woee(3)y

Te3e Thae tvo aaproessions given in 7,2 poprascat y botwoon tho Umids § V.k
end+o° end epe thoroforo aqusvolent to 7x0,1, whore § So the mosn volue of
y botuoen thome linite,
By moking mmericel subotitutions for tho hormite polynomiclaq,

€ pe seese Oto ond for the cooffiodents 4, £, h nppropristc to diffopent
modolo, tho first oxpreucien gon be wcod to give the mom valuc of ¥
whon § © Xg OF 2aAg, Ond tho socond when § o a3, aaa oraga.

Toblo T48s Rooulbe of golection for modods of odcos 1 with tup

sndopendant poles of linked frotors uhth HVFp o 1,8 units
ot cavirormontol verlento v o 3,0 units (By Rogression Mothod)

PoeB,p' el 8,0277026  1,3361070 47,34% 0,5115386 0,8285063 »,1058088 0,1467948 0,6026578

peptogd
pp'o.d

i@ 1 @ 1 6 @ 1 (@ { @1 [ Wil
do 1y ap °’gm§a lﬁfggd o on | WF | BV, {a“%{v { u'p
: o]
wsl’ 7 ovemce. iary Dorporte | ® 3 i i wstfont
i }&m of voloote
g | ot ! ion
Ipoaaiblo 1 L ;
ls pPp'u0  2,0094366 1,5018803 564995 0,951907% 0,7075836 ©,2078281 0,3367644 0,5500000
b pep'as  B.7B6128  1,8849095 B0.EVA 004051502 0,8201718 «,2126376 0,1640178 0,6375000 .

5,1835988  1,3006381 43,095 0,5074609 0.8555070 18640501 0,1133353 0,6500000
B,4601016  1,5036687 40430F 0,6858360 0,8040030 »,1308490 0,12365670 0,7500000

i, - -~ .
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Tublo %93 Hesudlo of voleobion for modedo of odess ¥ (Tablo Ye2) mo
trapsforand 0 hoolo of undl Fge genotyple vardengse, with
wronsforned valbo uf anvircnmontol vardongo ¢v-o 1,8833588 vnibso,

":';'Ibe} (%]
?nllmn of
tha

> Aeli

&) f
Bmid of

Br }y

ipayp Iuoxaatsvojmhzwcd aa pro
ion of.

mmihlal

23

(1" {3

(¢TI Y
ovong

5,’??3

o

i Fy

(%) 7] (67

ia“fﬁ”wﬁ.a
1

vy,
g Fs gw&t&wt
0

[ON
Hvﬁ'a

gloate

2,0000050 1,3377718
28360740 1,1807718
3,3900635 141887642
3,5019956 1,1956971

e pop'ad

o el
Iy PeBypgd

§  pop'egd

S pplogd

86,307
50,595
47,845
23,635
20,304

0, 3670047
G, 5801008
§.3410383
0,3649730

0,5317217 »,1365207 0,2000897
0. 3067812 », 3157899 0,0749635
0,5525375 »,1069829 0,0652434
0,8706086 ©,08930R0 0,0303737
0,5895893 »,0367937 Q,0671583

A don

g wC i
0,4:50000
0,4283744
044335333
05000000

3,5834300 1,1505563 044950575

s ’ v

VY 1 b b

DWW &3 #rand

utipld v¥/2 v b

Tho proportiss, gonotypie meen of eolastod Fg progony ond tho
vorsos vithin Fa progenys 8.0 X3 ond X aro dirootdy enlendotods whido
for the proportioog verisngo of tho Fie prosony aoemg the covardonde of
Fy pregeny ticon oid goootyple verdomso uithin progonys ond yerienso of tho
genotypde vorionco vithin progony, the moen ve&uﬁa ope odboincd by
celeulctins tho poon veluos of tho qnmzm “3 ¢ Ba%gy cnd aa end unbatrat-ém
fvocs then Fospontively tho quentitscs (Rg) s (i) (Bp) end G2)®. Tho verbouo
proportios go codoulebod hove boen prooontod 4n Sobloo 7,8 ond 74 oy
mnodoin of odons ¥ & I3 poopootivolye Toblo 7,8 pivoo tho poouile of
toblo 7.3 trenoformcd to the buoods of Fye gonotyplo vopdondo me mnit ond
oonsoguantly vith tho chengod cnvisomonbol verionse 4,9338333 it dnotood
of 3.0 units, Thio 4edlo Dolpy 4n temasforming the Pesudbn o tho beplo
of ony Fg gonotypde verdongo cey b bnito, by molifng noo of the sultoblo
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i1

Tobdo Te4e Reondto of solection for nodols of cdoso IX with tvo Andopendent
paire of Makod foctapo with nognitude of asnb fostor,
Yo' o B66UR%4 (fixed) ond cpvirommentel vordonoo
v o 3,0 units (8y Regrossion Nothod),

Qiﬁﬁiﬁf'

EN Y ) { 2

of }Yoluen of jhdvento
oloatiyo]eshieved

mﬁalip& p' lodesnss | sn Fg

I pop'ed  3,4001000 8,8055938
b pepleed 3,4001016 1,5708358
b e2sp'=,8 3,4601016 1,7807683
& pentugd B,0001046 1,6008488
L pepla,d 8,4649016.1,8050637

{gge%\?&* v

@ 1 6

66,967 0,020978 1,2363008 »,6016863
56,885 0,7886749 1,1005077 »,57T04504
BLyOTR  0,6760018 1,0363017 0,3975067
B0184  0,4030285 0,9603820 42090506
20,388 0,6554360 0,8340089 »,159449¢

047362031
0, 2659277
0,2665533
0,1575103
0,1236640

3410
1480

1480
1.82
0,80
Q.73
0078

1,00

Tablo V.9 Rooulis of soleotion for modods of olece XX (Tadde 744) eo
tronsformed to baods of undt Fpe genotypio vardonso,

iitiplied by

o

XN ) & ! € {F Y T O Y D G ¢ @ 6Y)

of  Volncs ofjidmit of [advenoo edvagee) ¥ b oo -

the Ip & p* foolestivelechicvod [proportion] WPy [ H'Fy M ?3#5’3 Iv,,?

roded] edvenas }am'a of thet { i { } 8

3 Lﬁﬂﬂ‘m
e pop'el  34,0000000 1,3373033 66,368  0,3033245 ,4131007 #,4234900 Q,0813380 6656650
ly pp'meB  3BBOTLO 1,3718652 $6,80%  0,8015313 ,4580615 ;1020366 0,0035801 (8823338 |
I pedsp'opd. B.3008630 1,0380063 S1.67K  0,332ABL (49BVIBL weORYTEUS D,0603337 (9523309 |
[ & pep'id  B,501993% 1,1082200 46,15  0,3594408 ,5304048 0809378 0,0483386 10121848
f pp'm.0  B,0200300 3,1203562 60,89%  0,4360973 5809363 =,006Y037 040571858 1,8903383
I theye H‘f?’ sd 5
L - b b e W3 b |
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Tublo 7,6 Rosulto of soleotion for mododo of clasg XX(Tablo 749) oo

trensfoimed t0 boolo of undt mogodvado of cagh fettor with
tronoformod veluio of enviromnontiol vorienco ¢ o 8,6666667 unite
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2,0666407 51,674
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1036
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pousy of by which whon nuitdplicd with the peculbo of thio todlo gives
the transforned gonblto, likevioos tho onvirompmonte) verdanse wild aloo
bosone *b* diowe te whob 4t wee befupe, Tho corpeoponding powess of *b
howpe boen given &n tho Jest woot Of tho tobds 748, Toblo 7,0 gives tho
pentltn of toble 7,9 trnaformed to tho bendo of unit nognitudo of oansh
feotor, vAth tho chonged anvirommontal verfanso eo 8.6666667(e3/3) unito,
Varioun velucs of Fge gonotyplo verdensc coloudotod vith the given
meznituds of tho feotur end veriotie pelrs of p cnd p*, thoe linkazo
frections dnvolvod, hugo aloo boan dnaluficd dn teblon 7,9 and 7.0, Also
Toblo Tef gives tho poesplts of solostion coprosponding to tsble 7,8, oo
tronsfornoed to tho basfs of unds Fye gonotypls verimoo, thic tablo boing
einfler to tudlo B,5 in chophor V,

As polobod oyl ecrlior the onmoration nothtod wee also
simndtenoousldy teivd An the oosc of elhoso 31 modods with two paivs of
dinkod foctopay to bednms o hov much cdditionnd spproaincbicn 4o Snvolved
in the pemresaion oothod, ITho postlto found by this mothbud heyo boen
procented 4n Enble V.¥, Tho Xosb row of dablo Vob given the uaunl
multipliors sultoblo to diffopcnt Vg proportico so es to bring the reatdlo
to the banls of tho gonobypic valto oqual to 'g' tmita,

A1) thoso teblay Snolndo aloo dho nezimum AMmito of tho
pdvonso posodblo in difforord éovon end cloo ulth the perconteno of thio
1inis of sfivondo o3 koo eottclly boop sohiotod dte to solcdtion, The
pignificenso of theoo rosulls hes boon diconnssd in tho next ohaplor,



Bedeo Hevirg obtolned tho pooulta of solootion in difforont nodods,
os givon iatabzm‘ﬁ.a ond 5,8 of chaptor ¥ for tho nodols. vith onc poiy
wmtmmmmamm, v.@@v.vupaapwmmm
wdods mm tao dndopondant poleo of lMaoked fastors, donoiderabion
3o pou given in this chaptor to tho influonco of voriouo footoro and tho
intenatty of linitrge en thase pesudbo, Tho meln -ob30§$ 0f thic
dinsortotion oo mlntad oat cardicr S0 to invoobigato t.h& effood ;)f
m&@n‘mm gocnlds Of sologtion, 4&n cbbompt hoo boon mode 4n
foprosonting those pesuite grephicolly cgainot the intonsity of linkexo,
Fop tho roculbs Qf‘ tho oodelo wi.t;: ono poie of Jinkod footors,; vbopo
only one valuo of pp tho linkeso frection §s foveldved &b S0 not GAffsculy
to put thooo peculds in e olaplo groph cgelnst verious valuco of fp'y
On tho other hend for the conpo vhore tup Andependont pairs of linltcd
feotors vith tvo linkezt frostions p end p' epo f»mlwd it %o not
poceddlo to wp#aﬁtmt *i‘ehe roculta grophioelly in o oinplo menner, Tho
epproesh of poproscnting them in throo dimonsionnl apeoo do not Qauily
gonopelioadlo to tho nth dimensionasl spooo for the ogso vhore o lergo
niabop of p'e oo dnvolvod, Howovor en aobienpd ves modo %o find o
otdtoblo funotich of p'o uhish ¢on be bsed $0 roprenont o MODOURS of ¢hé
ovéroll Mn¥ozo fnbonaity for tho casts vhopo o aumbep of indepongont
p'o tpo dovolved,

3o tho peocond modods whepe Andependant peips of Adnitcd feotors
epo considopcds thoyo 4o no dnbopforcngo eonng the vepiotis palgo whan”tm,
prodess of oroosving ovor 4o tokdng pleoo, Tho voriows orocosovoru
osour complotoly et pondom and Andopendontly, Osen (A950) dofinco p, tho
rocunbinent fecotion oo $ho probebility of aguuronsd of an odd anmboy of
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tmohergo poindoc on the intervel botooen tho tuo lood, Thio 4don den

bo oxtendod to the preatnd agoQ, whero waturonto of on old nnbop of
exchanzo podnts tekoo pluso cinbltonpénnly 4n pore thon eno Andopendond
pod¥ of Mnkoo footors, Tho probability in this cano begamon tho oinplo
product of veydous p'oy tho mmmm frootiotio end 0o bo poppooanted
by $Iphe Tho mein use of thio emumwnuwmmmnmauw
givog n afnsio monsuro of the omount of linkege pesent etong the vorious
fotboro, Thio function moy Kot work 4n cmd enyone of tho p'o haopponis to
bo soro An vhich odeo tho cmmmsﬁg tvo comploboldy Adnked fontovo
oen bo tohon in tho wodod to bo soting oo o singdo footor width douddo
mmmmrmwfmomm&w onebls Bo to rousc this
oxprosoion £for the pomcining dndepcndent ddnhed polge of footors,
iotasldy thero 8o o DOl of formpilabing of ectoh n funstiony vhich ooy
worl ovon for stoh situctions oo,

Bele 1t £o intopoohbing to pote thed tho madods vith no Jinkeso

(£,0, p ©» & for ons Xinked pode e p wp® & § for tvo Andepondent 1lakod
pedrs) 4n the tuo cleagts of mododo 4,0, for modolo with fixod Fae
gonotyphe tordenod and modods with fixof megnitude of tho fectops, =¥o
identical, It 4= thin commoh point which heo baenh Bood horo oo tho bando
for conpering tho peaulic of sclootion for the tro Glencen of mododo
grophiocldy, For coch Fge otabisticol properdy the gropbo hwve boon
plottod pgednot the foocbinond feootion p for tho modolo with ons inkod
poby (Flgures 8,1 to B.5) ond epoinnt Xpd for tho modeds with tvo
fndopondont Mnkod poife (Plguros 8,6 to 8,30) copavatoly, The
sorrooponding gpaphs for tho models of both olpsgsosy havo boan plottod
on tho oo areph vith tho oemo soelo in ordey Lo mrko omaparicon on tho
besdn of tho ooomon poind mondionsd odove,
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It 30 fmpordent to nobo theb &n noorly nl) the grupho for
modols involving two Andopondent pelvo of Reotors ond with fixcd Fpw
gonotypde vepdonoe, thore e olight fercgulerdtios poor tho pointo for
the modods with anogial vedutn of p cogd p', Thio nay bo due to tho
unogod affeod of linkego veluos p ot ' on tho aognitods *of of the
footogo, Hovovey for the scoond oleus of modols whope tho mrgpitnde *of
hes bocn hopt $izcd, suoh drpegulecdtico An tho gPophs oo eboend end
tho grephs oo @its amoobh,

Bole The rostlio af cologbion for oush of the five Fge proportics
wild be disdugscd sopopobely, one by anc $n tho following pavegrophs in
the loht of hoo Makezs with Ato vepying Sntonsitics pffcoto then,

The firob proporty wo ohold considor 4o Ap, the gonobypds moon
pf the oolcoted praganios &.0, Of progenico pooulting from ¥y individuele
in tho colooted portion of tho Fp popudetiony Thls mean elso poprocente
tha oapuotod valps of tho phonotypho mosn of thoso progonics ond 8o e
proporty of conodGepsdle presticel intercst 4n thed §¢ ghvos the
$mmodicto gedn from gelostion, Vardons toblos dn ohaptes V and VIX
give veauldo for this proporty nemoly, tho mosn of Fy population mogsured
es dovistion from the mom of tho unsclooted Fy populebion vhich 4 ¢ho
prostad oot fo zord for old oodelds, duo to the aboonge OF Gunilanco,
Thus the oern of the F populotion will iteodf give tho gonotis wivendo
due Yo golsotion, Those toklen olong with tho rosudls £or obhar Fgw
groperticay oldso give the moxdoun Malt of solostive wdvinoe fop
verioho mododa,

Stapting firot oith the dicousuion of tho posuits of ooleotion
for modods of odeos X (Pablos 8,3 cnd 7,8), At 4o olsorvod thod uith
semo Py genotypdo vardonso, Mnits of sclcstive edvense ofe greotop
for old ¢ospo of l4nkegs when the voricnse pepulto feem four footors
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inctood of tuvs, In csch ceso the ldmit Snsrosson with tho loosoning of
dinketo oo 4o expestod,

Adthough tho sdecnse oohioved n Fg 4o noeply semoy yot usth
four footaps 14 4o allghtly hisbor then thot vith tuo festora, tho
dafforendo being locot with no Mnkego fn csch oesg, On eanplete
Isovoning of Adokego tho poreontoso insroono in tho cdvenao ethioved,
ovor the dese with complotoly tight Mnkozo 85 sdmoat 1,47 for models
with tuo peies of linked faotors (Table 9,23) oo compared to BG4 for
modeds vAth o oingle gadr (Zablo §.2), It apposrs £ron thio thob widh
tho fospoese in numbop of footors tho pabo of inorocoo &n genotio edvonso
gooe on becoming Anopprocieblo far thic oleos of modode, This feobt han
Boon very wOll doplsted by tho slopos of the corrosponding linos in
Pigursn 8,1 snd B,6; vhore thore 3o o slightly mopo porooptiddo dncrocso
in edvence sohioved with two frotors thon with four footors, The posuld
io that vith only two frotoro advenso eshioved Sa groater papecntego of
linito to bo ochioved then with four foctors ond chous o widoy ronge
(86 to 77%) in tho formor then in tho lottor oese (40 to 568),

hgoin ec cxpsoted the advenso §n Py for n peir of feotarn vith
no linkego is ddemticnd vith edvento with tvo podr of footors with
somplobo linkego 4n onoch puir, This L0 teuc for the fosulic of othor
Fge proportios also,

Bo now prodocd o study the posults for oless 11 modods
(Tabdos 58 and T.9)e HOPe the Muits of polootive ndvensa orc fhxod
uhen the sizo of festors 4o fixed irronpodtive of Fy gonotyplo vorienns
or stivngth of dinkeso, Tho voluo of the Mnit 8o lowop ukth two
fortors oooh of dcygor olao thon vith four Pootors Qooh of omnlddor olso,
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Uath footor ofso fixed to aorpoopand to Fp vordmoo of 1,5 unito
for independont vogrogibion An oither g, tho Fy genotyplo veriense 4n
mododo, whorad linkego botweon theoao fevtors gots closor cldso otecdily
Anovomon ot go docs the gumotis sdvenoo cobloyoed 4n Fgp so thet vith
eloncr inked the sdvanae oloodildy gooo upe Tho pelotion 4o ldncor
vhoro only o adnzdo pedr of Ankud footopn 4o Anvalyed (Figuro 8.1) ond
pdightly ourved ohouing lascer peto of inorocoo for dnbermedicte voluon
of Mnkege, wvhon tvo palro of feators oporoto,

The mnot Amportont contyest with olass 1 modelo o both ocsoo
S the stoop chunge 4n pdvenno cobovod as degpoc of Makeze ond
oconpoguently Fge voricnoo chengos in cless 13 modolo oo compared o plmost
6 fixcd velue of cdvenses for all oclesn I oodolo Qurpesponding o fixed
7y gonotypds verfonse. Adyenne &3 mush grector for oll modols in clapo XX
sorroepondidng to dodzer Fp verdanoo in olmoo 1, Ao with odess 1 modolds
odvenco echieved vith four fostope de sddghtly highopr than with two fastoro
ond ao bofops poroontego sdvanco nchioved §o grostor end heoo o vidoy
pargo (36 to $0%) vith tvo Pectors then with four (40 4o 668).

1t moy do conaludod theb for tho modods with fixed Fp vardengo;
aotual cdvenco o sleo fixod ¢nd the petiaum gbtailnadle edwanse dopends
on the megnitude ot of eooh feotor, whoyuos for tho medele ulth
negnitudo oo £iz0d; tho negimnm obttoineblo odvence 4o fixoed end the edvenco
mehioved dopondo bigon the Fp veriento whopc &% Anwpeosos with tho indroase
in tho Fg ponodypho vordaoe, Thisz 3o elso confirncd Srom the verlous vaeltico
" of By genotyplo vericnoe ard tho goproopending velucs of gonctic eivonsio
eohdsved, prenanbed &n tho tebloo 5.6 cnd 7.6 choving the troncforued -
pooulto, Further, the offect of cnvirommentel voriemoo on the sdyoao
oo ath B0 soan from tho teblus 8,5 ond 7.6 do thet tho edvenco desrocsos
uith the indreaso 4n cuvirommontsl yorionto,
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Bee Yo now puiteb on t¢ tho noxt Loy propertics nancly, the neen
vopienco vithin codested Fg progenien and Terdanse dotusen moms of thago
praaondan, Thest proporbtics nve of vitnl futorcsd for plant brecdor dn
that the verlnnod within solested Py progomico corveo oo an dndex of ocops
far foprovomont M&gh cingds plent poleation vithin progeny, ond thot
botoncr mesno of thean grogenics imdiceton the coopo for fmprovenont ob
the stego of progony aeaaésm,. |

Froa tho pospits for clusc & modedo procoutod 4n tablio 5,8
and T3y 40 do cbaam thnt t-be moen vardenoo within solested ¥y
progondes So opprecisbly grecter with foup foctorn then with two fastoroy
shovins thob mumber of cesreaabing feotors nfiucose thio property oven
whon sterting vith idanticel ¥y verienge, WAth Juosening of dinkege tho
ghongoe do hovover oush fostor vith tvo fodtore end vovers o wider Ponge
then with four feclora (Pigupon 8.3 o 807)e In olhor words vhen
nuzbor of indepondontly segrogebing fentors chsnges from ono to too the
poto of ohenge 4n vithin Fy verlongs 45 groster then vhon 4t ohaiges
from two O four, Tho dovnvepd dipy vhich Lo pomguhal greator with foup
fndtopn In Dotk duwvos (Figuens 8,8 cnd 8,7) 4o to Yo cacounted fop by
tho food thed while 4n both oastse tho verdenso within Fg progenica ob
both catpomos OF dnkego velueo (p = 0 and p = 49) o (V5 unita 4n tho
unselooted popdation being helf tho injtdod Fg yordonde, this verdonge
vithin Fy 40 tho unoolocted populotion 4o dower Sn ell dasvs of portéad
linkego (colwmn ? of tables 8 ond 7,2) end connborosio to sdud
cxbont tho teend tovaids Ancpomsed verdanoc vithin odlooted Py with ov
dinkego Yalunse

Similep Pemoris apply Lo verioos fectures of veriensod botwoed
Py progondocs i tho soleotod portion of the populetlon, czoopd that
m is a oloudy introeos En verionoo throushout as dnkego becqaos
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loccop both dn medole with too cnd fotr feotopo withotd ru fntormodicdo
doppogedon {Figuron 8.8 oot 8,9)6

Rofopdng to 4Lablos 8,8 ond 7,05 piving the porblty for cicopo 31X
oedolay 4% 4o oboorved thed for thoso podsls clos vhoro tho footar ofzo
fo fixod; tho veRdenoo vithin soleatod Fg progenics eo woll oo botwoon
nocnn of thooo progomios, io doninsted by tho mmmbor of footoro, both
verinnsco boing cubodenticdly lergor chope four fodtors of oasllos o4so
oporobo o compopad 6 tho footors of largeer adzo, In tvo fvloro
modeds both verdences dnovorso stocfily with decuoning of dnkee,
thoe podctionobip doing ddncpy for vithin projonicn vordceo (Fizurs 0,8)
&l eomovhob curved shooing doooor pote of LmPocco with vory loone
Ankego for botuoon Fy vericnoo (Piguro 8,3), Tho gonornd trand s
niadler to thob in tuo footors modode with Pp genotypis verdcnoo fizcd
(0dcso I oodels)e I four footor nodedo of odoss 11 howover the trend
io ammplotely soverstd for both voricisoo, the vericnsos olecdily
deoracsing vith loosaniny of Mnkcozo (FPigures 8,7 wnd 8,6), This
cortpost oen Yo oaplnined by tho rolobive Anflocnoc of rmbor of fostofn
end aoon vithin Fg progony vosdenns 4n the wnooleotcd populotion in tho
tvo gode of motodo, In tvo factopo ntdols th0 chongd from ong to tvo
fectors with Anescning of iinkeco dondnatos ovor lowertd moan within
prozeny vepdendo 4n wigodeoted Fgy vhildo the chante frem two to four
featopn S0 nob sufficiont fo countercod tho Jovoped moen verionse
(cotumno 10 of toblos 53 and 7,8),

S8noo vordsmo vithin poleoted Py progonics ond voerdspoe botwteon
rocn of theoo pragmico Ls fndox of potontinlity for fupthor rooponso
to sodoptdon &n this muoborind, 40 2o clocy that loosce Mrlieo provides
groutop coops for further celeoticn dn cldd orgds  considoped  croopd
tho doot ano nenody, four fuotor modods with fincd fodtor ciso,
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Agedn oo &5 ceon from Soblon 8.9 end 7,9, grestor covirommentol
veriability in polotion to tho gonotyple Rosds to a grochor vericnso both
vithin ond botucen Fg prageniens This io to bBo axpestad, for greator
environnonted veprdability wonld bring togother nmore divopso genotypes
into tho solestod porddon of tho population,

8496 Tho sosnlto for covoricneo of tho progeny meen cnd gonobypis
voriznoo within Fy progony mey b0 conaidaoroed noxt, Tho faportonos of

this proporty ldos in theb 4 exploing tho polcbion betwoen the civance
odroady eahioved cnd tho potcntielity for furthhop efvanco, For cld tho
todedo eonoidered hepo, the covoricndo is nemetivo vhioh ahows thot highor
tho otvese 4o coblovod $n Fgy tho dess $o Joft the scopo for furthor
o4vanog,

Foy oloso I molsda, tho covoricngo fo nmmoricelly doso with four
£ootors then with tuo fcotopo (Toblen He8 mmd ¥,3) shosing Shat tho
nunbop of cegpegobing feotops Anfluanso this proposty oven vhon obortin:
with vone Py genotypic vordonso, FHowovery, &n doth cosgo, &% dosroonto
nunoricaldy vith loosening of linkego, oxcopd theb &b olightly sSnoremmes
uith no linkego £or coot whodo two festors ore invelvod (Fhgutes 8,9 & 8,9),

For olsge IX mododo, ohofo the festor cizo o fixed, tho
soverdenco fo ¢onafdoredly affectod by the insronse An tho munbop of
faotors, 46 boing mmepicolly lops vhore fonp feotaps of enellor megnitudo
oporotd s compepcd to tvo footoPo cosh of Jepger olzo, cxoept vhen tho
linkrgo 40 oumplodoly tizht for tho tvo couto whore the coverienco is
elmost gemo (Tablos 5,3 end 9,4)¢ In two fostor modedo tho covorienss
decrooses !mmorddelly) stondily with loosaning of lnkego ond tho ~
polotion being Mavor (Pigure 8,9)¢ The oouo teand 4o mpdudeincd fop
the four footor modelo excoph thed the polstion 4o curved shoving loosep
rebo Of aiopiccl desrocno uwith dooconing of Jnkego (FASuPO 849)¢
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It opponyn from the obove modeds, that with norocno 4n tho
mnbep of fostops, tho covericmoo dooroants numbricclly 4rpcopeotive of
vhothar tho mognitudo of tho fogtors do fixad ar the Fg genotypie vordenoo
fo Roph pemc, It Lo theo glonr thot tho covrclotion dotucon progany
nosh enf verimoc vithin progony wonld oofvo oo § good Sndom foP the
romdor 0f footaye oporoting in Py sogrogation, With tho smold voluo of
thio corrolation chother poadtivo or ncgobive, 4% might bo Anferrcd
thet tho mumbor of fostore is pother lorgo, On the odhor hapd thio
numbor oild bo $ndioctod o smoll 4f thoe corrcloabion 1s nignifiomt,
8,6, Vo ngv procced to the Losh property nmmoly, vericnce of
gonobtypde vardensc within Fy progoenf, It woo firot thought of to study
tho veorious recuito of soloobion vith peupest to tho offestive nuabor of
faotopoy tho ootincte of wbich $0 givon by Penso (1940 m) whopo the wco
af tho chove proporty heo boan nmedo, It 4o moindy for thie roason, thod
tho proposty nomoly, vorfenso of vorimnce vithin Fy prageny beo boon
otudicd, But 2aber[At ves found thod the posnito of cedcotion for vorious
othor progortios ¢o nod shov a cmooth polationohip vith this proporty,
particnlarly it Lo so far tho odpne I modode with four frotowa, Tho
fd0e of studying the posullo of cclostion egeduot this proporty wes thuo
droppod, fn stbcopt ven then mads to constynod o sudbablo funstion of pfo
vbioh oon bo usod to roprosend a mocsure of tho ovorall linkego intensity
for the prosont o0mi0e Tho utility of this funobtion beo boen dipduosod
in tho £4rob ertiols of this chophor, .
Anothcy uco of vordsnso of genotypie varionoo within 7y progeny
$0 that it ensbles us to solouletc tho corrclation botwoon progeny poeh
nnd yerionse within progeny An orpdor 0 give come $don about tho poloticn
dtwosn tho edvento cohicvdd tnd the ccopo ¢f furthor advencoy Algo &t
vid) give ocomo idog aboud tho numdop of foctare dnvolved, es diogupsod
in tho proviocns ocotdon, Tho rosudts for thin propoty heyo boen Saduldotod
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slang with those for othey proportics end have boch prepented grephioclly
elao' (Figuren G40 and 0410},

An menbionvd cordior, the seshltc of colcotion for Slons 13
podols vith fonr faotors bove boon obatdncd by enmerastion nothod spart
fron tho gonera) vograsodon mothod given by Ronge (Tabloo 740 ol 747)
It vep dond oo in ordoy to sop tow muoh epprosinotion io 4nvolved dn the
pancyol oothad o Conpoped o tho onumopstion mothod, B clood ctudy of
tho posulbo choug thed ths pasults for tho propestics (1) Genotyple
woen of Py progony (33) Yeen gonntypls voriamso within Fg progony om
{344) Verienso of genotypis verdonce within Fg progony ofo oldmoot the
gemd for btoth motBedo, The difforento 8o shoon for tho romaining tvo
propogties nemely, verdsned of Fy progeny moen end tho coverisnse of tho
Fg oten d vordento vithin ¥y progony. Thaso proportien cpo alightly
overepotinated in the pogrossion method es otmporeé to $ho cnumoration
mothod, I% 82 Justifindle to gay thaob anc mey hove to wOFk oub tho
regroocion polynoatad to o highor dogroe with sho holp of comonts of
ndghop order, for thono proportico,
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Tho moet foportent problom in plent broeding 4o to determino
tho opood of genetic edvenco unflop solostion, Thio wos invostigoted by
Pensoy who introdused tho nothod of gonetis modolds vhish he conoddored
with indopondently sogregating footopo, In the prosont nvestigebion
following tho otetiotigael spproecobh givon by hin e sdwiler obtudy hoo beon
medo of gonotic modols with linkod foatora, The effoct of Mnkego on
tho apoocd of gopotdo edvance ond voriona Fge gtotistisel proportico ofter
meking soloction in Fgp heo boon studicd for modods with ono linked poie
end with tvo thdopondomt peies of linked fnotors, Tho vericus fectops
heve hoen tokon to bs oguol in megnituds, In enc sob of thees moedoldo
offeot 0f linksge in coupling phaot hes boon stadiod jooping the
magnitide of ococh festor fixed, while in tho othor aph tho offect of
kooping the Fy genobypla worianoo 4n tho otart (bofope solestion) fixof,
hos boon studded, The voricus voluos of the pecombinent froobdions hovo
been go chooon, so a9 to covol the uholdo rongo of Adnkrgo ,

Tho verdoun ﬁ'a ptetiotion) proportios octuddod wors « (1) tho
gonotyplo meen of F3 prozony (2) moen gonotypie veriemco within Pg pregony
(3) tho verienco of the genotypic moen of Fy progony (&) the covariense
of tho Fg progeny moen cnd varlondo within progeny end (8) the vardenco
of gonobtyple vapimos uithin Fy progony, For the nodels vith o olngle
ddnked peie of feolors Corrcoponding to tho both cols of models, ningo
ths numbor of gonotyple clegsts wves nob large, the results voke galsulutod
uaing the dircst mothod of cnumepebing tho gomstypeo, whoreco fof the
models involvinz two indopondent linkod poiro the rogrocsion method givan
ty Pones wes edopbed, Fory the lstter type of medols, tho moments ahd
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productentnunts of the throo verietes, 24y Fy phenotypdo volioy Xae
gonotypdo verdanco vilhbin Fg progeny ant mgy bo gonotypde moon of Fy
progonys voro obboined for ecoh moded end bho pegroscion oguctionn of
five Fg » proportica on the Fy pbonotypde voloo wopo ocloudeted, Thuoo
oquetions encble tho otady of tho affeats of various sheresteriotios

of tho modols qn Sho volstion botwesn Fy yropartics end Py perontol volao,

Uth tho holp of theso Pegroscion eq ucbione tho valugs of cash
of tho fivo ¥, propertics woro ooloudetod for 0% devel of eclogtion,

To oblein thoso pecnite the mean voluo for - Fg propasty won expeogsod
in torno of Gho fogrescion copffidionin, oorpooponding o thet property,

)i Swlants of tho Py d10trdtublon end hormito polynonisls corroopanding
to tho loval of ooleotdon, Tho offcots of vordons nspooto ¢f tho gonotio
8ot up on tho pesuido of sedogtion vore cz;n.amwad.

It $o conoluded thaod for the nodelds with £ixod Fa goratypio
varicnoos sotond cdvendo 4o esldso prootionlly £izcd eng tho meximum
pttadneblo sdvonwo dopcds on tho volte of eeth fastop, wherogs foy
the modolo vith megnitudon of feotors os fixed, She mexinwm ebteinedle
edvondo 4o £lxod and tho cdvenso eobdoved toponds upon $ho Fae genodyplo
verdnnto whope 8t Anersacs with tho inoroose &n ¥, gonotypds varkansog

In modola with £ixed megritude of tho footors, the verdemsa |
botwoon eo well g vithin Fg progendea Ssorongos whtb olosdr linkego,
vhon only ono pedr of Adnked footops So considered, whilo &% inopochicn
uhon tuo podes of 34nked fedtore ovo doavesching, In modelo with the
initicd Fy» gonotypic vopdenso fized, the yocuibo ewo sopolstent for ono
ond too polrp of Mool fectors, Heve tho vorfchge botwosn cng vithin |
Py progonios dosroesta UIth qloaor Mdkmc, Purthors tho doverlamo |
of progony moch end gonotyple varime within proguny numoricolly inspoecos
vith clopor 3inknge, drrecpective of vhothop the dnithod Fp gonotypie
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vordonge oF tho megnitudo of tho footoro 4o kopt fixod, Howpver, thio
Saorcese $o &0 goncrody cove A0 the Iodtor Osoo thon An the formor,
Thooo wopo tho broed conslusicno dovdved from tho roctlbog

In the proowd tork tho pooodbility of dolng o aingle index for
Jinkeso vhen oovo Shan ons podr of Anked Pootoss 40 pegrogoting boo cloo
boon gonnddered, fgaing tho gocudls of solootion for modedo vith tuve
irdoponticnt Mnkod pelens of fostopoy vhopo tho gotatio nsgadtndo of tho
footoyo 4= fopt £ixody hewo boon obbeined by the dircct msthod of
cremoreblns the genotbgpoa, apard £ron the gonesel rogrocsion method given
by Ponso, X6 woo dond o 4n opdor Lo ooo how much epprozingtion 4o
$rrolved in tho genopsd nothod o comporod 30 tho ontmorcbion mothod
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148 This vork deals vith tha dotoy podtived from Contred Adco Rosomprch
Instituto, Gutbeck, on Mpkege botmoen gondo for plomentetion $n variouo
perto of tho rioo phande It do tho Fy » dobo shosiny suayrcgabion for
individunl chorectore cnd Joint coprezction for pales of ohmraoteps 4n

one sroso vhs Iusho X Dulor, ID hoo boen sbobod theb some obotrd o¥osoe
ovor velungs havo boon obbaingdy by uoing both (§) Moximim 1ikolihood motbnd
end (84) Minimom disoropeney mothod, given by Holdeno (1963}, In tho
sesond cothod, the Gxptoosions for the cotimatcs givon by Xurty {1954)

are o%atcd to hevo boen Used,

23, It bas beon fount fpom o daroful sorutiny of tho originel dete
raccivods given in dable I thet somo of Gho obgervotiols ere inconoleiondy
oo For egyd the individuol cogpogotion Pstlos aore condsorned, The fndividusd
aegragation redios found Prom the ohotrved Joind sogrogotion givon in
toblo 1, do not telly vwith the Jadividuel segragsbion petioos, given in tho
dote (boblo 8) for o partichler part of tho plunt, For cxemple, for tho
inddvidun) sezregotion desived from tho jJolnt aogresution, for the port
tip and perpin, At Lo seen fyon tho oluorwebions, that 40 & cogoo ont of

8 dcodoy 169 plonto ohov pigmontetion while in the remeining tuwo cesos,

171 plonto chow thio ohermitor, The only oxplanotion vhish oen bo given
Az tho migelonoifiostion of tup of paento &n tho lutter ooses, Tho too
plents heye boon wrorgly pleocd Sn the pigmonbed alesme Unfler theoe
sipcumotonsas tho odservetions for the Joint segregotian bave bocn adjustod
o0 a3 b0 givo en $denticed ratio for coth individnel soz¥ofation in oll
405 oosdsy ao forming cove relioble dends dote for tho tent of lnknde
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ond onbinction of ito velue, Ghe cooos involving the part Antornodo haove
not Yeen conoldored eb ell, eo thero 4o no poondbility of orrdving ob o
dofinito fndividucl sogregotion peblio from tho detey which 40 obvious

fron tho vordobion fn tho auobor of planto with sntornodo plgmentod
obtolned in difforont copts of the Joint sogregcbiony nomoly 313, 203,
143, 218, 814, 105 ond 189, Thooo numboro op¢ fiod ob ald ootoolldy
consiotont, Thuo the purd of dnbo choroover intoynodo 4o consornod hes boon
cadtted froo considopntion, Tho pennining dobtey sfbor ooking oppropricto
ctjuctacnts heyo boon givon in todlo &, Thepe waro &n all 86 sonds oud of
which 8 cepan for Antorno@e hovo Boon omibted ond honoe 28 Owos aro to be
invostigatod for Ainkugo,

Zele  Tho vorlotis hypsthotiord Fy rebles cugzcoted oro 8Py 1G5 OPs g
87Ps 30 and 3637 06 vhops P otends Lo pignontod cnd @ for g2procn,
Thono hzve boan oxpleingd on the follsving Menfolion hypothoscy,

AA 4o o besdd gono podr assontded for preduostion of plgucatadion,

g do onpther buslo genn sallded tho shronoicn, sorplancnbory to
Aty ond ebacnoe of edther 6f thim uild withhold praduction of pigment,

For the production of pigmont 4n gny plond pard, booddes tho tuo
brofo gones, ono o mopd looolioction gonon gro oscontdnd boforg any
plemend oon dovelop 4o thob porticulor pert,

Tho Bypothotical genotypes of the Cuo paronts cpro ghven bolows
Zpdhos AAy oos Jopy dopyy 1opg depay lopy dspay lap dopy dsp Msps 3bp dboy

lap lups nbpy nboes obpy Bbpoy  obpy nbpay cop omps Ap 4py op sp
Duders 30 03 Jopy lopy lepg lopy lopy leps lap Mp lap lap dbp dbp

Lxp Lup f*vm Ntpy INtpy Btpy Nipg mga Sutp Smp By &E Sp 8y )

Theye Lep lap 4o tho gono pedr governing the choveotor of
plgmentotion for tho poyd lonfahooth, 1mp dmp for tip Hargin, Agp dsp fop
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AMgule, Sbp dbp Por juncioye back, Iap lap for leof cusd, iy, By for
Inderugds, Sp Sp for noptum, Op Ap for cploulns cnd Sop Gop fopr Gtigne,
Tho Jocoddantion genes Lap leap ond Ap &p oo nob posrezating 4n oither
of tho too peprents ol thoy hovo tocn shoup abave 4n tho gonstypss of
tha tvo porendey oo thoy vepn euggosicd, Ib hea boon capuaed thet thore
43 carpliete doninence ooong tvo elleles of eny of allelis poiro,

Tho folloging hypotbotiond pcblon hovo boen seb np for verions
pianondobion shopastors, -
(4) vatdo 3P & 4G for tho perbto Apicultn and jaof imidse The tvo poponts
diffor ondy $n onw gene padr which 4n thio deae do tho Ceg pulp,
{44) Redlo 67 ¢ 70 fov tho powts 8$dp Dapsin, i8auds, Junsburs hoole & ghiomose
Tho pepont aiffops Lo Ceg pene pale ond ofe Joonldsabion gene
pobste.
{431) fetdo 27P ¢ 379 for the pord goptunte The puronts diffor 4n Geo ond
oo loaalicetion ganos poipo,
(iv) Retdo 1639 ¢+ $43 fou tho perts faof ahooth & interne
peronda adffor An Ges guanos podst o thpss localloption gane polso,
Pigmontation 4o procupcs whon both the buodo gends ofe precent plus of
doast wo of tho localisaldon gonss, Thuo for loaf ohoath the Fq viild Bo

48 8o Lopy dopy lopy dopy lopgy 19Dy sesse

Thoss bypothohiidel fabins don b0 yarificd in tho different
0oty

n the bazio of thooe rebios; tho individucd cogogetionn of
Giffcrant parto huvo btoon Sesbod ond the poonlts hovo bacn shoon in toble 3y
Tho deba- do nnt ohew ony ovidendo thveugh 2% toot g3ednst those N
bypothoticnd retics for difforand purto,

Be8 It i3 inportent to note thad ao tue of tho obowo hypothoticsld
¥eting cro Aedopandent of cuoh othor, 8o tho gouo polr Ces &s cocmon to
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eyory pebio, Thus for gotling tho Jolat hypothoticol potio for o Joind
gegregotion 1Y Lo nobd sorrect sinply to oulbdlply tho tuvo gatlon bub thic
Jodnt hypothotiasd potio boy to Bo ocldulelcd vopopatolys taking tho
comhon Ge0 pody into sicound, So tho cxprossions givon by Musty (1954)
for tho totdnate of the drocowgrer voibe in minlogs disepoponoy wothod,
oFe oot npplicoblo boroy as the mubued Shdopondensc of o polr of soblos
hes beon copumod thoty The soprett Jolnt oapeatod pobios hove boon choun
in tablo & for overy pody uf porbo, 0o shoon 4n tho some table o tost for
iinkazo hoo boon ¢orvdad oub §n cosh of tho 88 oospo, It has bion found
oul that out of 28 0osdoy 19 ongce do not givo eny evidondo of linkeso,
Tho orcve ovor voliid baeb thorodoro to Yo cstinotod 4n tho pontdning 18 ¢eneo
eo ohown in tho oomo toddo, Tho difforond dooos huvo Boon ¢0adt 4n the
folloviny pesrogrephn for satimation of tho drosowaver valuoo, with thoiy
stondard orroro, thee bolng dn old four dypon of conbiactions,
(8) Rotdo P17 vorous pobdo a7
(2) Rotdo 9V vapsuo potio 27:3%
{¢) Rotdo 937 vorouo patio 182:94
ehe Jastly (R) Botdo 27437 verous potio 46290
34ie  Reddo 94¥ vorstus pabio 97 « typo (B)ie
Constderdnz tho onso of b4p Hargin {017) voroun lsgude (D)
folloving e the obsorved fpaguonaics nnd thedsr axpesded rabtio for the
vonbined cogresaldons
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vhepo © o (1«p)°, p bodnaz tho sreop ever valse botusen tho tuo
Lisked fectoroe bd and nod oroe the oboopvod ond oxpogtod
fro@encics respodtively,

(1) Batimetiom.cf © se folloving oro the tuo mothods uysed for
eatinotions

mmwmmwwmmas&m
by aaa;m&(aaannam%uoenng M%‘he)ﬁﬁgm

471043 ), Hexiniodng 18, wers t0 6y U0 hove

ol T e 5 0 sowracace (1)
whish pedugon to tho quaderotic
58" o Lﬂpwnaémnyhy 0 « 4ng + Bng ¢ Bnge 6ng =0,
Subsbituting the aumorliood volues of n'o we have
958 6° 4 B10 © ¢ 1336 © 0, giving O = 93346

nsw%«/g ezmnu,sa%a.m

Tho mmam given by anzmm (19333, uhioh &5 to O
oinimiocd far cobinption of O, 40 givon ns

8 : 8
§;- n,-»i“ ?]' b iq\ M'w In this casoy thio ezpposuion
g 2
19 oqol to iﬁ (3+9) 3 t&mﬁl ;
( 1 * *
nye nge
8 2
w(4458)
t?-;?ﬁ vl%ﬁ-—j-, Diffepontinting ¢

wer, %W ema@nmumam.mnmmmﬂmum

(e * ot = ooy *
S (BT

&y 6e
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apbobitating tho mumeriond valtioo of fp'o ue hove
8 o 7791588

& b ete/B ® e /TTTEIEOS & 1o 4882 u 4118

(44) Golondations for vordonos of (p) én tho sbovo too Coglste

e amwm‘mm»&éqaw@ -
pifforantiching 1o£% hond Qxpreanion of (3)y Tels to O ond cubotituting
arpontad ysluvs Gf Ny 840 M,y wo bove

~d5e o B e il ) b e Voo Gegtacoifpete)
sinse & o (tep)® & o
Moo stnoe © a (tep) “9“(%%',3 .

ubieh aivos &8 (B) i & Joa28
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éu%‘* ﬂ&é 3@3‘%) _ avi
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Agedn go given by Rothoe (19831)
%??nﬁimﬂ%)aswz(%)e \. .

2
s %rﬂ ¢° 2 —e )

m-;% w ¢ in tho goce nndey considaretion,
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Similorly tho cxprovsions fop $ho Foackatng bommo ke op8 (:.%r »® oen o

found ost giving thoraby tho voluo of Vpe

_ Au U . )
dut oinge F o o3 @ V4 ® E§>a @ oMg, Mop O u (lep)

o Ve f@é %a 8 v

anwummmmwﬁmmamnmia),whm
Vg = 4008368 cnd bango Y5 o &mx.m& a 406033086

o BeBs ‘@} o (0388,
Simidorly in othor simbler Go300 Of 947 patio versuo 9397 pablsy

tho asbincbos of the crvss ovor Uplhos ond Shojy stendopd OfFors Con by
vorkod oithy by tho o mothods siven obovg,



8,8, Rotio 917 vorous Pebio 27187 & (B) typore

Conoidoping the osoo of Junotura bech (927) vorous coptin
{27487) folloving cro tho obsorvod froquonsico cnd tho gxpectod robdlo,
teking any ono of tho two locsiinotion gonoo in tho hypothesic for the
fobio 27537 to bo linked with tho ono lotslioabion gono in the hypothosio
for rotio 117, Tho cxpeotod petio has boon workod oty toking the besio
footar Ges, which 4o coomon to both of tho rotios, into considerstion,

W Unly J, Gack JURly oopeus § | i
) | oth pis 1 . sontod o)
Espeotod myo &(3’9 ) ?“(3; 0 )uma é(he Jemg %;(99 *‘9)@6 %
g:gﬂfmwﬂ oy © 124 ng u B3 oz = 18 0y 5 183 81%en

caprooeion 85 givon by

L o 1y 303 fe(ae 0) o ng 2oz F5(8e0 )e 13 og Fglie Jo ng dos $x(o 0e19),
Bengmioing 1%, Vet Lo e' oC hove

n. ?@
% 3Qe a"a s.ua 9 0m a WO - b(a)'
whioh goduoos to cubier ...

0r6% e (Bny #2802+19n5¢ 918) 6%« (890t eng ¢ B3+ B6ng )6+ (38n; w380 Tbnge3tng ) = 0
Putting the ammericsl velten of np's for tho sbove ocano, 4t gives
2558 6° « 301 6% « 9860 O ¢ 5796 = O Goleing this for 6,
o hewo G o A3, &P 6 12/8 o 1,809 o 4161,
oy nobhodse so boforcy the oxpremslon

> mlgnﬂ o %ﬁ’:’ h . %&mﬁl ‘%ﬂml ‘-ﬁ(aeue)’

ng + % ng + 1 ng ¢+ 3
minimioing thic capreosion w.pe to ©, it givoo
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velueo of np'o, 4% gives é o 4654863
S D v ie /0 o 1e,800 o 4401

{0) In mowimunm Mikdihood method, &t Lo knovn thot é—a a(n;.n _ﬂ_..;‘. Yo

Difforonticting Joft hond oldo of equation (3), w.r.to 6, and
subotitubing nmp for np'c vo have
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vé gﬁ%fw“'z«feemf

subobitating tho veluo of 6; w0 hovo

V5 o 500201694, vhich given 8.E. () o ,0448,

(b) Uoinz minimum discroponoy mothod, wo found above thed

befo
= &) P
oo ot { b A e ¢ W) s ¢ SR

2 ) ]
vetg 2% ® “{%E(%ﬁ-’) J vo have
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oLme GxpPosoion 0g A5 in fAret bmuketf weme exprossion )

oo An firet brookot)

W
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oo cupPeosion) )
Subotitubing the mumoriocal voltos of n cnd © 4n (¢), A% gives on
odnplifionticn, Vp » (088108, How anking usc of the rolotien Vg o U

vo have V5 0 ,00008% o 8,8 (p ) o (085

8indlerly An tho remaining cesos of 047 robio vorobto 2V439 potioy sboh eo

of tho arcss over velnoo end thelr otendord orrore oon bo vorked out, fur
tho above tvo metheds,

884 Retio 164194 vergus gotio 917 «(C) typoge For illustration tho

onoo of leaf ohoonth (162:94) vepsus Mgvle (997) hss bdoon completoly dondt
with hepe, Lot eny one of the throe indopandent localigabion genop, govorning
pAgnenbotion or loef chosth be linked vith tho single Jooslioabion pono

foy ligblo,
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Tokdng tho comuon geno Ges, 400 considoration, follouvinz io
tho espeotod vatdo, which hoo boeon caloudebod,

- g | xmyxanfsnmhfwy HgEo [ Y

gxagg;tcﬂ %{:3«833 %ﬁ{&-ﬁ&l %%’(3,@) 2 m(mge) 1

Froy, 169emy 88 o gy 3 ung 107 v ny 81 7em

Uoinz tho aoxicum 3iklibosd mothody vo have the dogrothim of tho
I8kidhood funabion e
By 08:0-(13020) + By Magglp(Be30)ens logzls(3e20)e g los gé s %Emés;;

Hoximiaing 4%y veP, $0-8 wo hovo

na .
%«Eg‘m‘g%’ ‘?}?&5@“0 vhich pimpiifics to o anbic

72r0040% (2001 +6380,55603+ 1600 Jv ©(803n1+633n00 0503016030
+{10050,%2048039030503+87530g) © &

Substituting tho nuporiond veluoo of Ny Yhe oboorved froannics, 4%
roducos to 32836 6° ¢ 41423 6% o 283002 © ¢ 20587Y & 0

uhich dooe not give eny colution for 9, iying botwocn O end unity end hono
tho cutimnto of p 4s inposoidlo to god, 58413 tho veluo of © o 1,86
ootdofics Whds Qoheticn, This volue 62 ©, 42 token to bo not difforent
£ron undty givos p © oy vhich rovepls tho prosonco of cooplote Jdnkezo or
pMootropie offosts

Sonoidogobion of pidcatropis offosbs

' Lot one of thwos loordsetion genes, governins pismontotion in

lonf phonthy bo tho semo localisstion gene which 4o peopunoidls for
plgmentabiony A6 Mgudo, 4n tho prescmoe of tho basie gono Ceo, Thuso on
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putting © o 1,0 dn the ochoyo oxpooted potioy; tho new rebtio Lo ghvon oo
135237 0189,

Expooted
Rotdo 185/2896 87/456 8/356 88/286 1.0
Expcoted
froquonojen 16748 3344 1143 105,8 317
Obooryoed
feoquancioo 168 38 B 107 817

Gerrying out tho X% tout, for tooting whothep this patio £ito
the odacpvod froguensios, wo bevo X3a e 6,8 vhich has the probedility
botvgch 41 ond o2, The nonesignifioonce of ;33 showp that the abovo ratio,
undor tho plicotroplo offoct, fite tho obsorved froquoncien well,

Tho pemcining Shirco oosooy |

of &3‘8 vwen slightly lﬁg:a than 408 shoving {to ojgnificamio, But sineo
An thio coop slso, tho cbovo o@ation docs not give ony solution for ©,
lying botwocn O ond undty, thic vene awy cloo bo tchon oo showing tho

pliootropic offoot,

}_gepaus pobl

Toltdng the goso of Joof chasth (162:94) versus doptuz (27487)
oand csocuming thed ons of the throo locolicotion gohca of thoe formor oena,
is linked uith ono of the too logsaligetion gonos of the latter cooey e
huve the axpooboed pabio e ’
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Oboeryod

froguoncdas 180 m 1y 63 vy 8 eny W07 = ng 817=n

&p Bsued, using tho Moaximua Milihood mothod, we hovo the eqnebion
for 9 oo
816067+ (3330 #28600,+1806n3+10814 )67 (64760 #37900,+6542n308046n, 64132200
subotituting the volbeo of tho oboorvod froguension np, it gives
6709287 » 02006° « 15230980 « 93232 © O, vhish liko tho typo (C), doos
not give ooy colution of ©, lying botwoen Joro end unity,

Invostigeting tho prooonsoe of pliotropio offood, ao bdoforo,
wo heve tho now retio, on putting © o 1, en 4035 843y BT 349, ‘I;ha tstsld
x;8 in this case oomoo out Yo %o 5489, thich han tho probebility botuoen
oA ond o8 cnd honoo confifmo tho prosonse of plicotropio offeod,
9 Folloving uro tho oummerdscd pesulis in tobnlatod form for tho
vatinsbos of oposs oyoy Yollles 4n difforond saces, with thelr stondopd
orrofo, oo found by ucing tho two methodo, nontioncd oorlior,
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Qo8¢ BSficionoys  From tho otendapd ogrors of the tuo typus

of ootioaton of tho poegoabinetion frosticn py o given 4n tho ebovo
peoplioy 4t 40 obviolis thet tho nosloom Milihood nothod &5 on tho
aoreso moyo officiont thon tho miniopm ddsogopenoy oothod, es
origincldy givon by Frof, Holdonp, In tho procont couoc tho efficianay
of minksun Glooroponey mothod rongos fron 61,0 to 108,0 por conb cud
on tho svorsge conos ottt to bo avoub 83 por cond as compspod vith tho
ooxfinum 14kdihood mothod,
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