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INTRODUCTION

A nowledge of the inheritance of the physiological charecters,
rate of growth and rate of feathering, is of material value to the
poultry industry ss well as of fundamental value to the geneticist.
According to the Agricultural Marketing Service of the United sStates
Department of Agriculture, approximately 900,000,000 chickens were
raeised in this country during 1941. Approximetely 160,000,000 of these
were raiged in specialized farning areeas specificelly for broilers and
the majority of those raised on all farms were eaten or sold before they
reached maturity.

It is generally recognized by poultrymen that the most profitable
birds for broilers are those that grow and feather most rapidly. More
efficient use can be made of the equipment end labor. Fast-growing birds
utilize feed more efficiently than those that grow more slowly because
less feed is used for meintenance eas the body requirements are maintained
for a shorter period before & definite mnntet‘wuight is reached. Poorly
feathered broilers are subject to severe market discrimination.

Breeds of the Mediterranean class are efficient producers of eggs
and the S. C. Vhite Leghorn is used for commercial egg production more
extensively than any other breed and variety. Leghorns usually feather
very repidly and grow comparatively rapidly at first but utilize feed less
efficiently as they approach 2 or 3 pounds in weight. Most strains of the
heavier breeds and varieties utilize feed more efficiently than the Leghorn,
but few straine feather as rapidly.

Some atrains of the Hew Hampshire breed have been bred for rapid growth

and feathering and are very efficient for broiler production when used as
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LITERATURE REVIEW

Although it has leng been kncwn that the malse in sach breed uswelly
grow faster and feather wore slowly thap the ferales and that birds belong-
ing te the lighte-weircht breeds, such as leghorns, resch hody maturity
earlier in life and fsather wore repidly then heavy-weight breeds, sush
as Plymouth Rooks, somparatively little is knowm concerning the inheritance
of thase two charssters, Tt iz also well nown that sevsral changes tale
place in the plumage of 8 chiclen during its 1ife time, The down that is
observed at hatehineg time is soon s:vsrseded by oshizk fentherins, whish in
turn is renlaced in a fairly rezular sequence by juvenile feathsrs and then

the adult plumge.
Influence of Egr Size on Rate of Growth, Upp (36), Hays and Samborn (27),

and Funk, ¥mandel, and Callenbesh (18) reported thet rate of grewth in chicks
is not 1nflusmeed by the weight of eggs from whish the chioks wers hatehed,
Hays and 3anborn (28) reperted that hen egge produced shicks that zrew faster
from 4 to 16 weeks than chioks hatched from pullet eggs.

Iffeats of Srossbreeding onm CGrowth Rate, Due to the resent interest in

broiler preduotion, mmsroue investigetions have been made of the effests of
orosstreeding on rate of growth, Nay (87), Warren (S0}, Yater (95), Jeap

and Norris (40), Herlacher and Smith (35), Bloe and Tower (G), Fnox and

Olsen (53), Xnox, Guimm, and Godfrey (54), eash making a series of orcesses,

in general found inoreased ecceleraticm in growth from hybridizstion as ocome
pered with the purebreds, This increased sceelsration in weight wes maine
tained for arproximetely 8 to 12 weeis., However, in the investigantlons where
the F} generation wes raised to maturity, the average weight was approximtely

the same as the puredred rrogeny. In each of the investigations where recipro-



cal matings were reported, except imters (95), the Fl generation females
differed materially in weight indicating one or more sex-linked genes for

rate of growth. llowever, when the meles from the larger breed were croased
with femsles from the smaller breed, the Fl males aelso had & tendency to

be larger at 10 weeks of age than those from the reciprocal crosses. Axelsson
(5), from the results of crosses involving three breeds of poultry, found no
tendency for rate of growth to be sex-linked.

Genetics of Growth Rete. Latimer (56) and Lerner and Asmundson (61)

approached the study of rate of growth in a different manner than the investi-
gators previously reviewed. Latimer observed that the rate of growth of the
leg bones wms higher than the rate of increase of body weight. He also found
that the leg bone, with the exception of the femur, increased from hetching
time to maturity to a greater extent in neles than in females. Lerner and
Asmundson (61) used the formule of Minot:

. o =Hy

3wz )

in which R measures rate of growth, Wy hatching weight, and 5 final weight.

Asmundson and Lermer (4), applying linot's formule to purebred ¥hite Leghorns
and Barred Plymouth Rocks, found significant differences betwesen femilies for
rete of growth et 2 weeks and 8 weeks, and they concluded that rate of growth
wasg controlled by multiple genetic factors.

Lerner (§7) reported a very extensive review of growth. He found that
the growth of the pectoralis major muscle eand the leg bones, as related to
the growth of the ontire organism, follows a similer course in the Plymouth
Rock and the Minorca breeds of fowl. Hybrids between these two breeds,
including firstegeneration crosses as well as backcrosses of those to both

perents, wers found to possess the samme pattern of growth of the struetures



studied as the parents. Sex differences were noted in the valuss of the
coelTiciant of heterogonic prowth, since the females, when compared with
the meles, showed & higher value for the pectoralis major muscle with respect
to body welght and a lower wvalue for the leg length with respect to body
weiphte. The basic genetic complex for the type of growth of parts with
respect to the growbth of the whole was found to be common to the different
breeds of poultry with the exception of the bentmms he studied. While in
other breeds, hypergony wes indicated for muscle and leg bone, he found in
bantams hypogony was present for lepg bones and an approximetion to isogony
in the nuscle. He sugpested that bantams possess growth-retarding factors
which affect the different parts.

Growth gr&dients baged on length memsurements were observed in the
posterior 1limb as the tarsometatarsus pgrew at a more rapid rate in relation
to the rate of Vody growth, the tiblotarsus was intermediate in rate of
growth, and the femur the slowest. Jaap end Morris (40), from en enalysis
of veriance of the body welght of 6 pure breeds and verieties, obtained
hipghly gignificant differences between the means when the diickens were
grouped according to variety, sire, dam, and sex. Lerner and Asmundenn
(62), aspplying Schmalhausents (79) growth constents to Warren's (90) data,
noted the following points: (1) evidence of sex linkege; (2) differences in
growth congtants between breeds and strains and between sexes; () a decrease
of early growth rate due to lster hatches is compensated in later stages;
(4) differences in early growth rates betwesn breeds reflect differences in
adult weight; (8) definitive weights within breeds are indepsndent of the
patterns for growth in the early steges. Lerner (58) found thet the ratio
for the prowth of the tarsometatarsus with respsct to body weipht tends to
increase from 4 to 12 weeks and to decrease from 12 to 20 weocks of age. He

found thet the {luctustions srise as & result of dissimilarity of the growth

patterns of the contributing components.
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Hilby and Henlerson (71) compsred the rats of growth for different
species of poultry. They feund that ehierens, turkeys, and photsants grew
at practically the sewe rate Jduring periocds cf cmmstent growth, but the
perliod wag msurla proleonged for Lturieys. Theasants and ohieks grew st the

.

same rets Tor 1P weals, but wiils th: vhessants stoepred the ohiiciens oone
tinuod growing Lo 1J menths of age. Hipratory duoke and gesss had very
similar growth rates, and the growth rate for hoth douhled thmt For turikeys,
but Lhe desline ooowrrsd sarlier sud wes pushk more promcunced. Annin and
Balpin (3) fowmd no ruterial diffarence in growth rate cr total waight at
28 weeks between capens and cosclerels from sithsr purebreds c¢r crosshrads,
between the purebred &nd crossbraed scekerels, or betwsen the purebred and
ercashred oapons,

The dato;\iom influence c¢f suzmer temperatures on ths rate of growth
has been discussed by Xempster aud Terler (51) and Yempster [47,50), They
found thet maximum temperstures thet prevailed during the summor are largely
respous‘ble for the retarded growth ol lste-hstehed pullets, alihoush the
rotarded growth is mest pronvunsed st the age cof 20 weeks, they found that
the retarded chicks sventuwslly cbisin the sare we ight a8 earlier-retched
chicks,

iffects of Inbreeding om Growth 2ate, Dunkerly (17) reported sn investi-

gation in whieh he found littls dilfarence botwoen the weights of inbred
and outbred birds at sexunl moturiiy., Jatore and lasbert (86) found growth
reate and adult body weight to be umafleocted by different dagrees of inbreed-
ing in which asome lines were ocarrisd as fer a8 the ninth reneration. Ynox,
Quinn, and Godfrey (54) have slsc found me influence on rats of growth from
inbreeding esrefully selected strains of Rhode Islarnd Reds and Light Susssx,
Godfrey and Harsden (72) made 2 study of the effects of inbresding Dronze
turkeys az far as the fourth generation of brother-sister metings. They

alse chsorved no arpreciable sffect frew inbreeding.



Altheugh the results fronm breeding practices with lsboratory animls
are not slways dirsetly correleted with the results from animmls in a more
variable snviromment, they act &3 & valusble guide in plamning gencral
breed ing practices, LoFhee and “aton (70) made an l8-year investigation
invelving 5 inbred families of guinea plg control stock, a«nd also animls
frorm crosses between the different inbred farilies, They found that crosses
bstween the lightewsicht famllies resulted in & murked inmcreass in growth
and weight of the youmg, erossas bLetween light-wnight aund heavy-weizht
families resulted in young whose growth curves apmrcached or coincided with
that of the heavy-weipght families, but crosses between the Z neavy-weight
families did mot result in eny significant improvement,

Relation of Rete of Growth to Adult Sigze, Acocrding to Schastiler(8l),

the inherited differences in rate of growth are esscoisted with diffsrences
in mture bedy weight. Be found that by selecting some of the heaviust
fermles and some of the lightest femsles and mating them to sinilar males
selected in the sape marmer he obtained two lines of chiocks that were sig-
nificantly different in weight at 8 weeks of age sxd tiwt the difference in
waight inoreased until maturity,

Jasp end Horris (40) from their study of 8 breeds and warietiss, found
rate of growth at 3 weels & soparate entity &nd not necessarily related to
adult weight,

Differential Growth in the Size and Nuwber of Uells, Hensech {76)

roported that the difference in size betweer bantams and lsarger breeds and
diffsrences in sire amony the various lerpger breeds is dus to 4 ifferences

in cell size as well as in cell nuwber, BSuleciamti {8) cbsorved that ehiok
subryos have & rether definite number of cells at particulser morphologieal
stages, reg:rdless of ths time required to resch those stages., (oller (48)

ccneluded, however, that the diffsrences in sire among the breeds of fowl



was duve to differences in size <f the cells.

Brerly (9) investipnted the size of erbryes of the sars are and from
epge ¢’ the sare size, from mot’nrs of Fheode Island Reds and Fhite lsghorns,
and reeivrosal srosses hetween the two varieties, The White laphorn and
hbrid exbryves were found to be sowewhat heavier than Rhods Island 2
subrycs of the save age during the firet helf of the inoubation poriod, but
ths Rhedes Island Red and hybrid embryos were hsavier during the latter half,
Za ccncluded thet the Aifference decreased or disappsared by hstohing time,
due to the limitation of feod, Hendarsom (30) observed little diffsrence
in the rate of the growth of swbryos of Phite lLeghorns, Dark Cornish, and
thelr reclprocel ercsses, Castle and Gregory (10) feund that srocssbred
swbryos grew faster than -urebred erbryos., 2lumm and Gregory (7) econcluded
that the rate of cell prolification was preater in the larger breeds than in
tie sukllor size breeds,

Since 1t was rnreviously Ymewn that glutathionme stimmletes cell prolifi-
eation, fraegery, Goss, and Asmundscn (28) studied the glutethione concentra-
ticm at different sges and feound it to be positively correlsted with faste
esbryeo prowth rete end pogt-hatehinz erowth rats,

Inharitance of Bedy Sise, Tumerous orosses have besn made by differert

investigators im an effort %o study the imb ritance of body size. Funmebt
and Bailey (74), kay (67), Fopee (55), Zarren (38)??%”&5 (95), each using
two breeds thet wsre not eonsidersadbly different in weight, found thet the
adult bedy weight of the ¥y vrogeny was avproxirmmtely intermedists batween
the purentsl breeds or slightly nearsr the larpger breed, Nay and vaters (68,
Jull and Sulna (46), Yaw (85), and Gedfrey and wulmn (23), using breeds thet
diffsred very significantly 4in s8dvit bedy welght, found the adult propenmy

to Lo nearer the weight of the smaller parental breed, sugresting that,

possibly, there sre doninant genos for smll body size, The investigation



of Yay (67), Yopeo (55), Maw (65), and Godfrey and Cuinn (23) showed »
sirnificant difference bestween the femmles of the twe recipreoal orcsses,
indieativs that at Isast cne ssx-linked venme alsc is involved,

Lerver (E7) and Jull {45) rav ewed rther investigsticns conserning the
inheritance o® bodv giz2e, Trom ths resulis of those investigatioons it is
avidant thet ths inheridarse of body welight iz very complicated snd camnoct
be courletely solved by the mettods that have bean creviously ussd,

Inharitanes of Pody Shape, Toshnoider and Junn (30 reported that bedy

weisht is from threa to eix tines os wariable as bone messwerents. They
elso chssrved that thes humerus, ulma, ferur, sand tibictarsus were 16 persent
lonzer in the males than femalss, latimer (568) found & difference of
approxirately 20 percent betweon the sexes in the length of those bones,
wherens Iutt (3G) ebsorved & differsrce of only 13 pereent, Hutt's (36)
wor alsc showed thet the greatsst differemce In length between the sexes

is In the tarsowetatsarsus,

“ther investigstors, ineluding Mew (65) snd Lernsr (57), have shown
the* poazuraments of the aippezdicular skeleton of the fowl is & wmore reliable
eriterion cf the astusl size cf itho bird cnd ars lass wariable than bedy
welchts, Xemgurements ol the long bones, particulsrly the shanks, seem to
be the meost ancurate and practlical sr teria,

Investizatlions of right (67, $3) and Jumn (16) show that many zenss
are invclved in the inhoritesce of bone length, with some of the genes having
& euruliiive affect on the growth of certain parts omly, FZopes (55) obasrwved
thet uff Orpingtons had longer tibiotarsi end tarsometatarsi than the
%hite leghorns &nd the length of these bomss ln the Fy progenmy obieined
from crossing theee two breeds were zluost s greet 88 in the long-boned

purents., Chigl and Taibell (20) ercased the Indian Cers with the leghorn
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and stated that the Fy generation obteined were approximmtely the same length
as the longer-boned parents,

Yaw (85) found that when the females cf the smaller breed were sired by
zales of the larger breed, the leg and wing bones of the progemy were signifi-
omntly larger than the leg and wing bonss from progeny cf the reciprooal
mting, agein indieating ons or mcre sex-linked genes for size, Hs ocbtained
g correlation of 0.2 between the leg and wing bones of the sare bird of the
F, generation. JNew end ¥aw (86), in an investigation involving Barred
Plymouth Rook mmtings, obtaimed dats indieating that the type of sire used
dstermines in & large mesasures the lsngth of back, keel length, and shank
length of the mele progeny, but had no eoffeet en body weirht cr other messurs-
rente,

and

Interesting investigations have been reported by Jaap (38),/Jeap and
Fenquite (41) regarding besic measurements of eonformetion or shape of the
fowl. These investipators found thet differences in conforsstion of live
birds may be sccurately expresssd by determining the relationship between
the cube reot of their body weight and four linear weasurerents, shank,
length, keel length, smterior depth, and anterior width, They found that
growth in shank length ceases by the end of six months of age for males and
at five months of age for femamlss, but body growth when measured by kesl
length continues to the end of ten months of age. The scrrelations thet they
cbteained between live and dressed birds show that these four measurerents
will asgourately exmress differences in ocnforretion of not only diffsrent
lineg of chickens but also different lines of turkeys. Jesp and Thompson
(43) sonfirmed the sonslusions previcusly mede by law and Yaw (G6) that the

body sonfermation of the sire is iransmitted to his progeny,
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Jasp (39) reported a thorough imvestigetiom of body Porm in growing
shioks, BHe found that male shioks were heaviar than their sisters at two
wooks of age., The lomgitudinal increases in shant length were cobserved to
cease by 16 to 18 weeks of ags in all femsle groups exeert Light Brehmas,
Sinea shank length was found to rapidly apyroash its upper asymptete im
growth, he surgested that relative gzrowth constants for shank longths of
fernlss may apply only to growth pricr to 12 weeks of age. Cther eovidence
suggests that & comparable age in rales is 16 weeks., Anterior body depth
wzs found to beecome relatively srallsr between 8 and 12 weeks in both sexas
Since heritable differences in conforration manifested between groups cculd
not be readily distingulshed until the bdirds were 12 wesks of age, he cone
¢luded thst s much greater refinoment in the methed of desoribing body form
is needed for growing cohleks,

Dsvelopmant of Chiock Festhering, The earliest work reported was by

Pavies {1%), He reported that the feather germ erises in the embryc about
the £ifth day of ineubation by & rzessing of the mesoderral cells under the
eplderris., The overlying dermis wes found next to underge s thickening and
develop intec several laysrs, TFach papilla beccnes elongated and graduslly
sinks into & depression and beoonss emelosed by & follisle, Zaeh fesather
wag chearved to he formed from & thiokening of the coler of the epidermal
cells st the base of the feathser papilla, Acoording to Faupp (47) the
feathars develop in definite rcws or traots known as pterylae., The spaces
between are kneown as apterias., Jones (44), from a study of the develorment
of nastling feathsrs, concluded that the first down and suceessive feathers
are developed from one continmuous growth, This ccrelusion was also reported
by Liee, Nixon, and Rogers (77).

Chu (11) deseribes in detail four suweoessivs plumhges from hstching to

the adult stage, The down first arpears on the ehielk abeut the tenth day of



12
incubation and et hetohing oomplately covers the chisk, but is revlresd
subsequently by definite chick feathers by & very gradual process, Before
the down is ecmpletely replaeed by chick feathers, juvernile plumge feathers
begin to sppear. Due to the orderly menmor in which feathers are melted,
the ohange from juverile to sdult plummgs is & graduml process.

Considerable variability in the sequense of molting of the juvenils
feathors hes been observed by Isinroth (29) and by Pwight (17). Dunmn and
landauer (18) found ¢hat im the Cilver-Spanpled Hawburg the process of
molt osours in & definite rhythm in a given feather tract and is almeost
continuous during growth, ierren and Gordon (93,94) studled the sequence
of the appearance and replacerent of the juvenile flight feathars in Vhite
Leghorns, Rhode Island Reds, and Light Bralums and found an irregular
sequense of the molt, but these jurvenlle remiges underpo at least one
somplete molt during growth, Xarble (63) observed in White Leghorns thet
two peaks of body wmelt ocecwr betwsen hatehing time and twenty wesks of arze
end one complete wing and tail feather molt, He fourmd eonsidersable melt
on the neck, back, thigh, and breast regicns in the females, but no molt
was noted in the males &t that age or up to 7 and 8 wesks of age, IHs stated
thet it was impoesible to forscast age at sexual msturity in the fersles by
the degree of primary wing feathors at 8 weeks of age., 32y & rrocess of
dyeing ihite Wyandottes et 3 weols and agmin with & d1fferent color of dye
at 6 weeks, ladi and Warren (75) found no indiocstion of molt at 7 weoks and
only sight svidenve of molt at § waoeks,

Axelsson (5) obtained highly signifiocant ccrrelatiors betwssn rate of
growth at 33 days eand the length cf the primery, seccndary, and tail festhers,
Fe concluded alsc that the sorrsletion betweesn rate of feathoring and rate
growth seemsd to ba of & physiologiocal nature and the difference between two

retes my be regerded as hereditarily independent,
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the males progeny of this ercss feathered wore slowly than the females.

He concluded, after obtaining F, and backeross progeny that slow rate

of festhering is sex-linked snd domimant to rapid featheringz, Jaharow
(78), from & oross of Cochin weles and Indlan Tavioff femamles, also noted
thet both sexes were slow featlaring, whereas in the reciprocal sross

he obtained fast-feathering females and slow-feathering meles, From a
series of orosses in which & number of slow-feathsring meles were crossed
with %¥hite Leghorn females, Xinugawa (52) observed thet males were
inveriebly slow-festhering and the femmles fast-feathering,

Warren (20) discoveraed the possibility of using this sex-linked factor
for sex identifieation, He illustrated the fact that whan fast-Teathering
mles are srossed with slowefeathering femsles, the sex of the progeny
can be scourately determined by ths presemce or absence cof tail feathers
at 10 days, le also showed tiet the preogeny could be sexed with & high
degree of asseuracy at hatohing time by cbserving the growth of the primary
and secondary wing feathers., In continuing these investigations, Varren
(21) found that some of his “hite Leghorns sarrisd an sutosomal recessive
gens that roterded feather development, This gene reterds the development
of all but the first three sescndary flight feathers at hatching time ard
the tall feathers et 10 days of age, but doss not affect feather develop-
ment beyond the juvenils plumage stape,

$%ellary and Bearse (89) reperted a recessive autesomal factor for
slow feathering in Thite lLeghorn ohieks, The slow feathering was noted by
the absence of tail and sesondary wing feathers, and the slow growth of
mwirary wing and body feathors until the chiecks were 4 tc 6 weels of age.

The relation of rate of fsathering to genetic &s well as to environ-

zental fastor hes been studied by a number of imvestigators., Gildow (21)
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reported that slow-feathering and fast-feathering chicks grew at approxi-
mately the seme rate. liartin (64) nade &n investigation of exhibition
and production-bred Barred Plymouth Rocks brooded and reised together and
reported thet the exhibition stoock nol only grew at a slower rate but also
had more slow feathering chicks than the production-bred stock. He con-
cluded thet rate of development of feathering over the back iz closely
related to rate of growthe. He also suggested that there is poesibly &
physiological linkage between the rate of feathering and the quality of
barring in Barred Plymouth Rocks.

Gericke and Platt (19) also observed a high relationship between
body weipght and feather development at 8 weeks of age. Jaap and Morris
(40) reported a thorough analysis of the source of variation in rate of
feather growth. VYhen conditlons of feeding and management were held constant
they obtained the following perocentages for some of the sources of variation:
verieties 4, sire ll, dem 16, sex 20, other sources 49. They elso found
rate of feathering to be correlated with rate of growth but the degree of
determination was rather low.

8ince the Vhite Leghorn in elmost ell cases carries the sex-linked,
recessive pene for rate of femthering and alsc is feathered rather com~
pletely at broller age, it is generally sssumed that this gene affecte all
the feather tracts. However, no data have been reported to ghow the influence
of this gene on tracts other then the remiges and rectices. Jagp and
Thompson (42 ) mede the following statement: "If a chick has long and gopw-
ing pin feathers st hatching, it is almost humanly impossible to make it
develop & bare back or feather slowly. If at 10 deys after hatching the
chick has a 'whiskbroom' tell like Leghorns, it is always well feathered
early.” o date were included in this publication to substentiate this

conclusione.
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Darrow {12) reported an lmvestigation of the relation of day-old
ehick feathering and feathering at 10 days to festhering at broliler
age in heavy breads showlng soz-linked early feathering, The number
and length of primary aul secondary wing feathers and the relative
langth of the covwort fenthsrs in rolation to the flight feathars wore
eondidered at hetching, Lt 10 days of age sstipeticne were made of the
relative length of wing and tail femathers, The dogres of feathoring
on ths bask was observed at £ weels &and each bird wes socred asscrding
to five arbitrary grades. A gstrong tendency was found to exist for
the day-old shiclks having the greater number and lemgth of primary and
sscondary wing feathers to bz tettar feathered at droiler age, I
concluded that the highest acrrelaticn is betwesn well aoqu@cem tail
faanthers at ten days 2nd gord beck feathering at six wesks,

Linkage of the Gene for Poathor Dewelopment with other Genes, A nunber

of investigators, incliding Hsldane (28), Sersbrovsky and Fessina (83),
Warrsn (89), Hertwigz (32), Hutt {(37), and Punnett (73), heve reported
erossing-over percentages batween this pene and other sex-linked genes.
Values ranging frar 43 to 45 percent have boen obteined between the gena
for barred plumare and the zmens for rate of feathering, which indicates
that these two geones are elmust on the opogite ends of the sex chromosome,
Hutt (37) has suggested the rredable order of arrsngement of seven of the
genes on the sex chromoscme %o beo as follows: (1) head spet, (2) inhibitor
of dermal and mesadermal gzment, {3) bvarring, (4) lizht iris, (5) light
down, (6) silver, and (7] slow festhsring. This arreangement has bsen
gonfirzed by Tunmnett {73)., The erossinge-over parcentazes revorted between
the gaens Tor rets of feathering and the nearest gens, silver, ranze from

2 %o 12,
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BATERIALL AND EETHODS

This investigetion was started in the spring of 1540, 5ince previocus
investigations hed shown that 2 sex-linked gene exists that affected rate
of feathering and is lessely linked with & gens for barred plumpge, stoek
wes chosen in whioh the penetis constituticn with resreot to these twe
gones is generally known, An exhibition-bred Barred “lymcuth Zosk cockerel
was purohased and crcssed with Brown leghorn pullets that had boen purchased
previously im order to provide materisl for hormone studies. A reciprocal
ercss was made by msting a Brown Leghorn cockerel to produstion-bred
Barred "lymouth Rosk pullets alrsady sveilable on the University poultry
farn,

The average weight in grems, at approximetely 10 months of age, of the
femalos used was 2396 for the Barred Flymouth Rocks and 1619 for the Brown
Legherns., The Barred “lymouth Rock male weight 3000 zrazs and the Srowm
leghorn male weighed 1740 grams at approximately 10 months of sge. The
Brown leghorns were about the same weight as those usually found in com-
meroial fleeke, but the Barred Tlymouth Roeks wore slightly lighter, At
this same age the shank lengths of these same perontal birds were messured
arnd a simplified index of the conformtion was ctlouleted from the squation
used by Jeap (39) and Lernsr (60):

Shape ratic z Shank length
wolght

The shank wessurements were obbtaimed in inches for the perental stook and
progeny. <The shaupse raties chianined from the averape bedy weighte snd shank
lengths of the Barred Flymouih Heck eand Brown leghorn femsales ware 0,265
and 0,271, respectively, and 0,324 and 0,317 for the Jarred Tlymouth Rock

and Brown lLeghorn males, respectively,
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Heryland Ixperimental Station mash, which has an amslysis of aprroximabtely
21 pergent protein, was used throusheut the growing period.

The ohioks were individuslly vediersed verv sorn after thay wers
hatohed and at 10 days of age they were woighed individunlly eand observed
for growth of tail feathers, When the birds sttained 8 weels of age they
were reoweighed, rmeasured for shank length, and cbaserved for degree of fsather
development., The Brown Leghorns and F, progenmy were observed only for the
degres of feathering over the back and shoulders., At thé dime these first
cbservetions were made 8 knowledge of the degree of feathasring cf these two
tracts wem thought to be suffioclent, sinse fresdom from "bars backs” has the
greatest economic significance on the poultry merket, These cbssrvations
sonform in general with those made by Jaap and Horris (40) in whieh birds
wors classified primerily on the degres of festher ing over the bask and
wings, However, after an analysis of the results of the observations on
the Fl progsuy had been made, the value of information on the degree of
feathering of the cther trects wes recognized, The ?’ and backorcss genere-
tions wers observed for the degros of festhering onm all of the trects cone
sidersd by Gericke and Platt (19) end Radl and Werren (75) oxee-t the
caput trast; i.e., the cerviecal, dorsal, caudal, humeral, alaer, femoral,

srural, poctoral, and wventral tracts, respectively. Although a Immrlodge of
the tate of feathering of the eaput tract may be of saientific walue it has
no a;bmmie value, since in dressed poultry where the heads are not rswoved
thase feethers are not plucked,

The arbitrary system of sccring the estimmted degree of feathoring on
each of the trasts cbserved varied sowewhat from those used by the previcus
investigators, If no feathers had appeared and the down still rersisted,

the trast was given a score of zero, If the feathers wers s-arsely scaitered,
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smny in the pin stage, and areas fres from feathering, the tract was zoored
as one, The estimeted degrse of ferthering revresented by thesze first twoe
scorss im general agres with the classifiemtion used by the previous investi-
zgetors, In oases of more complete feather development grester emphesis was
given to tho presense of pin featbers, If any appresisble dogree of pin
featheors was noted, regardless ni’itha length or sbundance of feathering,

{ho trect was not secred higher than thres, A soore of thres was givon sach
trasct that had its ecomplement of foathers and ne pin feathsrs tco short to
be sasily removed,

Dup to the emphasis given to the presence or absence of feathars in the
pin stage, greater eonsidersticn was given to the extended end sdjmcent
areas of the different trasts, The area of the thigh that extends above the
femeral tract was cbserved 28 well as the aree that is uwsually feathered within
two or thres wesks of age, The bresst area wes alse clessified on the basis
of the degres of feathering along the wedian line of the body where the
pectoral arsas eventmlly meet cs wsll as the ares of the two longitidimal

tracts that are usually feathered within 4 or & weeke of ape,
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TABLE I

4 Compsrison of the Brown Leghora Progeny and

Py Progeny frow the Two Keciprocel Crosses at

8 veeks of sge for Body ueight, Chank Length,

thepe Retio, snu Pessthering over the Back zand
Shoulaers

: 1o, teight o 1 sFosthering et ©
z sof 3 at 8 :3henk : veoks
gnting :Sex of :Prog-:weeks slongth sShepe H

:Frogeny seny 3:(Grams);{Inches)sFetio%:Back :Shoulders
] s 3 : : ) :

Brown Leghorme : Hsles ¢ <9 ¢ 433.7 1 2.8l ¢ C.806: Z.41: 2,78
: ! : : : ’ t

Fxhibition-bred; : : : 3 : H

Rock x Leghornss HMeles ¢ &7 : 463.2 ¢ 2.356 3 U.304s 2,00; Z.26
H s : : H 3 1

Leghorn x Prod-: : s : ] 1 :

uction-bred s H H 1 : H s

Rocks t Maler @ B4 ; B2leR 3 £.47 3 C.B0Ty 1.B1: .08
: H H : : : :

Browa Leghorne : Femeles ¢ 35 3 425,0 1 £.87 ¢ G.802¢ 2,891 2,28
H : 3 : 3 : H

¥xbibition~-bred: ) H 3 : s :

Bock x Leghorns: Feasleg : 35 ¢ #58.1 ¢ £.38 3 0.307: .45 2,38
: : H : : s H

Leghorn x Prod-g : s H H H t

uction-~bred : H H H H H :

Rocks : Pemoles @ 41 ¢ HU4,8 ¢ .48 1 0,808: 2.10: 1.98

#* Zee text.
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ocnsiderably lower for feather secres, These results are contradictoery te
those previocusly received ir three reapecta., It will be recalled that in
the najority of the investigations reviewed, the vrogeny of males from e
repidegrowing flook and fermmles from & slow-growing fleoek grew more rapidly
than the mrogeny from the resiprceal matings. Sex-linked genes have been
reported for mature size and a2lso postulated for rate of growth, Any effascts
of sex-linked gasnes should be evident in comparing the femele progeny of the
reciproeal matings, Cince ths Barred [ lymeuth Rook mele used in this irnvesti-
gation was from exhibition stoel and the Herred Plymouth Rock females wers
from vproduction-bred stoek, there 1ls slsc the possibility of one or mors
autosomal genag showing en effect., Although the male and ferele progony
from the Brown leghorn mmles and Barred !lymcuth Rook femeles are 12,5
percent and 10,2 pereent, respestively, heavier than the vrogeny from the
rgoiproeal orcss, the differences are not statistieally sipgnificant with the
smll numbers involved,

The second respect in which the ?‘1 data are contradictory to the investi-
getions rreviously reported is cbvicus when the rate of festhering of femsle
progeny from the two reciproeal crcosses are compared, Sinse the daughters o
the Brown leghorn male and Barred "lymouth Rock fersles carried a recessive
gone only for rate of feathering of the remiges and rectices and the daughters
of the Barred FPlymouth Rock male amd Brown Leghorn femmleg carried the domimant
slow-feathoring rene, it would be assumed on the basis of the previous investi-
getions that the latter would bs more oompletely fesathered at S wselks than
the former. Howswer, acccording to the avermpge feathesr secore owver the daok
and shouldsrs shown {n Table I, the females carrying the dominant slow-
feathering gene are actuslly wmore campletely feathersd than those which earry

the recessive geme., Again these differences were found not to be significant,
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Since previcus investigstors cbtsined significent correlations between
rate of growth and rate of feathering, this Fy date differs in & third
aspeot, ©Uince the slower-growing progeny festhored rore rapidly than the
faster-growing progeny from the resciprooal orcss, the relationship found
by preavious inwvestizetors may be due to e physliologieal linkage between
the two oharactirs instead of being due to linkage of genss for emeh of
thege characters, In ar offort to cobtain more informstion regarding this
point, Fl and backercss matings were statistisally anmslyzed in ¢cnsiderable
destail,

Statistioanl Analysis of Fl and Backeross Hatings

Since the results secured frem the P, progeny indicete that the genss

1
affecting rate of prowth at 8 weeks are inderendent of those alffeoting the
rete of feathor development, these two charnctsrs are first dissussed
separately and then their relstionmship to sssk cther is disecussad, In
order teo simplify the discussion as much &s poszsible, future reference in
the text and tables to the two breeds may be designated by letters as follows:
Exhibition-bred Barred : lymcuth Rocks - E
Production-bred Barred Plymcuth Roecks - R
Brown leghorns - L

Body iﬁ‘siﬁht, Shank mw Shepe Ratio at 8 VWeeks of Agee Table IT

glves the means exd standerd deviations for body weight epnd shank length, and
the shaps ratio Tor esch of the Fy and backeross matings, It is notsd that
the meen body weights of the melss vary from 583,35 grews for ths (Ex L) x B
mting to 453.7 prawe for the L x {L x R) mating, The mean shank lsngths
vary from 2.78 inches for the (T x L) x R mating to 2,41 inohes for the

{(r x L) x L mating. The shaps ratios vary from 333 for the (S x L) x R

rating to 309 for the (¥ x L) x L meting, In the Permales the mean body
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T&BLE III

tnalysis of Varismce of Body reight enc Sheak
Length in the Fy end Backcross ¥atings

Bocy %eight

: H ¢ Ghsnk Length
s s {Graums) : (Inches)

Source s EZex  legrossg Sum : sbegrues: Sum

of : of ¢ of of g desmn 3 of : of : ¥ean

Voristion ifrogeny:Freedom; Sgusres ;iguare:Frecdom; Squaresfyusre

H H : s t 3 :

Between Hatings : Males o B ¢ 438,534:81,104: 8 1 4.5488;, 5437
t H H : : - :

#ithin Satimgs ¢ Moles ¢ 568 37,4438,366:1:4,780: 080 :44,2835:.0780
H s H H t T s

TOTLL : Males ¢ BY7 :7,78&,200:15,400; 568 :48,5783,,0855
: 1 H : 3 : :

Between Matings :Females: 8 s 7TBC,832: 3,76:: 8 : 3,4444:.4305
' : : 3 t ot s

#ithin Hstinge :Pemesles: 580 14,007,140¢ 6,Tok: 573 :24.7790:.0428
H 3 H 3 H H :

27



L) 4

weights very from 548.5 grams for the (L x R) x (L x R) mating to 432,5
grams Tor the {5 x L) x L mating, the mean shank lengths very frem 2,54
inches for the (L x R) x (L x 1) mating to 2,36 inches for the (7 x L)

x L meting, end the shape ratios vary from .318 for the R x (L x ©)

mting to 309 for the (E x L) x (I x L) meting. Since sensideradle
varietion exists among the metings for body weight and shank length, an
anglysis of veriance was made of these Fy and deeckerces metings. Cince
the shape retiocs were eomputed from the means and &8 they did not differ
matorially among the different matings, they will not be discussed further,
A gummary of the emalysis of veriance is giver in Table III, The mean
square for between patings is excesdingly higher than the mean squars for
within metines in each oase exsspt the female body welights., Using the
methol desoribed by Snedeecor {34), a value of "F" of 4,80 wes obtained,
which is hirhly sipnificant, The wean gquare between matings is »not
eipnificantly creater than the mean sguare within metings for the femle
body weirhts. The values of "F" cbteined for shank length were 6.8%

end 10,06 for the males and fereles, resvectively. The mean squares rziven
for within metings can be uszed as 2 reliabls remsure of wariation in
sovparing any two means given in Table II, In eomputing the signifisance
of the differenes hetween any two mesns, the familiar "t" test may be
used. For example, the difference between the means rtreviocusly referred
to of 533,3 and 45%,7 grams reported, respectively, for the (E x L) x R
end L x (L x ) matings may be tested for sigznificanes by using the mean
squsre listed for the mals body weights and using the corresvonding number
of bvirds imvelved, The "t" valus cbteined for this mean difference wae
found to be 6,75 and is highly signifisent sinse 569 dersress of freedon

were invelved in determining the warianee within metings.
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Further study of Tabls II shows in general that ths mean weights for
the ferale proceny from the different matings are comperable but lower than
those given for the msles, Tho differercs between the wean weight of
454,35 grams Tor ell the fewmsle rroreny amd 450,1 zrams for all the mle
progemy 1s hichly esienificent, &5 the "t" walus obtained was 6.33.

Sinse wravicus investisptors have shown that the home lengths, espssially
the long bones, ars & more raliahls oritérion of the body slze than body
weizht, the maeans of the ghank lencth measurewsnts should be ziven svecial
consideration. This is seveoially trus since lsrmer {57) demonstrated that
shank lsngth alone was & walid griterion of the inherited size differences
in the fowl. However, when the mean shank length msasrersnts are sorpared
for the mle and female progeny of the different Fl and bechorocss matings
they are in genersl very oomparable to mean body weights, Amin, a signifi.
cant difference exlsts bstween the two sexes, A wvalue of 4,88 was obtained
for "t" for the difference between the mean of 2,48 and 2,43 inches,
rogpectively, for the male and ferale progony.

Althecugh it can safely he ooncluded that the pencilic factors carried
by the Drown lsghorn are significantly different from those carried by the
Barred Flymouth Rocks, the results are inecnsistent regarding the comparison
of the penetiec factors cerried dy ths exhibition-bred Barred "lymouth Roek
rale and the produetion-bred Darrsd Flymouth fock females,

Since previcus imvestirateors have reporied that sex-linksd zenes
exist that affect size, these Ty ard bae'eross data have been thorcughly
amalyzed for any possibility of & sex«limked gens affesting rate of growth
or shank length at 5 weeks of age., 44 the twoe well known deminsnt sex-
linked genea, barring (desisnated by the letter B) and slow featharing
(desigrsted by the letter ') were pressnt in the Plymouth,Rocks used as

parental stook, the ?1 yrogeny had the fellewing knows genstie composition:
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¥ales Fena los

Barred Plymouth Rocks x frown leghorms (E x L)  BbRk =~ Bie
Brown leghorns x Barred Plymouth Rooks (L x R)  BbRk bk~

If 5 sex~linked gene for rate of growth was present inm sither of the
parental breeds crossed,soms linkage should sxist between rate of growth
and barring or rate of feathering. Since previous investipgators, Hutt (37)
and Pumnett (73), hawve obtained from 43 to 49 persent orossing cver between
B % %, it has been suggested that the ¥ gene is ut one end of the sex
chromosoms and the B gene is towsrd the othsr snd, In the hackercss mating
of the Fy to Brown Leghern femnles (E x L) x L, erossing over rercentapes
were cbtained between B and ¥ of 43,9 and 47.4, resvectively, for the
mlss and femmles, If a sex-linked gens is rresent near the end where
sither of the two known genes ars loested, 1t should be essily identified,
but 1f its losation is mear ths middle of the chremosoxe, positive proocf
of 1ts existence would be mors diffioult., Since the gene for light down
(Li) is losated mearer the middle cof the chromosome, its prassenmce in the
parental stock would have given a nore exact test for tho location of e
sex~linved geme for rate of growth within that ares,

The backercss mating (¥ x FL} % L prevides a oritioal test for determine
ing the possibility of 2 sex-linked gene being present, Iincs the genetie
composition of this mating for the barring and feathering factors was

B « bk

wk -

the following should have been produced:
Y¥ale Fera le
B (linkape) v
bE~ (linkage) -
Bk~ (orossing)
bEk- {oercssing)
If 2 sex-linked gene for rate of growth exists near either the B or
¥ gens, there should be & significant difference between ths nmeazn hody

welizht or shank length of the progeny esrrying ome of the genss in o
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dominant state and the progeny sarrying the recessive allelomorph, For
exanple, if & sex«linked geme oxists for rete of growth near the gene for
barring, thers ehould be a significant difference between the barred and
none-barred progeny, The mean body weight, shank length, and shaps ratlo
sre given in Table IV fer the orogeny with saek of the four different
goenstic sompositicns,

It will be noted that the mean body weight and shank length of the
non-barred fast-festhearing progeny are higher than the corresponding means
of the others for both males and femsles, The octher means, however, are
not very comsistent, In order to test the signifioamee of the differences
axong the means zivem in this table, ar analysis was mede of the wmriance
ir body welight and shank length of the rrogeny classified socording to
rplumege sclor end rate of feathering. A summary of this anslysis 1s rlven
in Teble V. Agsin referring to the tables of Snedescr (84), it is foumd
that the "7 walue is significent cnly in the emse of the body weipht of
meles and shank length of the fexsles, By using the mean square variation
within groups, an scourate "t" test ean be made of the differences bstween
any two pairs of weans given in Table IV,

Agocprding to the different valuss of "t" thet wers ecomputed, the mean
bedy welight and mean shapk length of the non-darred slow-feathering male
progeny are significantly lower than the mesns of ths progeny im elther of
the other groups, The means for the other three groups of progeny are
sinilar for body welight and shank length and none is signifieantly different
from the other, In the fermsle rrozeny ths non<barred fast-foathering group
has sipgnifieantly higher means Tor body weight and shank length than either
of the other three groups, Very little varintion exists arong the means of the
other three groups for either body weight or shank length. It should also be
noticed in Table IV that the shape ratios only range from 0,308 to 0,312

for the male progeny groups and from 0,308 to 0,318 for the femsla progeny



T:BLE IV

The Heun Body velght,
for the trogeny of sn
Leghorn Femulesr, Clazsified jccording to Plumege

Color znd Fete of Featherimg

Fy

Shenk Longth, zac Shepe Hetlio
¥rle Becuere: sea to Brosa

R
9]

T H s : Body %Welght :Shamk Length
: : : :_ {Crems) : (Inches)
Cings : Sex sGunetic: Ho. : 1Sbandard; sStendesrds

1 of 1Compo- ¢ of  sHesn (Levis- leepslevia- ihspe

sProgenyssition sProgeny: sticm £ ttion tRatio
: ? 3 : : H H $

Bﬁrrﬁﬁ - ?ﬁ»st : ﬁﬁl@ 4 Bbkk H 50&: ti?ﬁc?t 117.3 33‘452 0.505 :Q.?&ll
t : s : : : H 3

. Ben-Bsrred - Fast @ Hele ¢ bbkk ¢ 5y 1487.45 81,1 :2.44: 0.23%8 :0,308
H H t t 3 H H H

Berred - Slow t ¥2le 3 BoEk 3 41 1474.9: 102.8 :1:.48: O.2B¢  $0.312
t t H : : : 1 :

Bon-Burred - Slow ¢ Hzle ¢ bbEkx 58  148b.cy 104,32 3£.34: 0.:58 10,509
s 3 H : H t f H

TOTaL 1 Bele ¢~ : 184 475,73 108.7 1:.41l: 0.285 0,809
1 : : t s t s 3

Berred - PFast :Femele ¢ Bk - ¢ 26 1416.7¢ Tl.d < 88: 0,179 0,312
H : : 3 1 1 : :

Ron-Barred - Fest iFeassle 3 bk - ¢ 48  :45:,.5: 84.8 si.44: 0.189 30,318
: : H H t : H t

Barred - Glow tFemale ¢ BE - 3 55 14iB.l: BB.E 1l.Ek: L1833 10.808
: 3 H 3 3 I H 3

Non-Barred - S5ilow sFezsle ¢ DE - ¢ 47 :14:.4.83 57.2 i.B2s 0,170 :10.308
H H : : : H H :

TOTEL tFPepale 5 - t 184 3435i.5: T0.0  1<.%6: 0,188 0,312



TEBLE V

tnulyeis of Verience in Body Reight snd Chank

Length of the Progeny from sn Fi Rale und Srown

Leghorn Feasles Clussified Aeccording to Flumsge
Color smd Rete of Feathering

' ¢ Body ®elght : Shenk Length
3 s {(Gress) T (Inches)
Source 1 Sex 1Degrees; Juum H sDegrees:  Sum
of : of ¢+ of 3 of s Mesnz  of ¢ of : ¥esn
Varistions :Progeny:;Freedom:fcusres slyuere:Frecdom: Squsres:iyusre
H H H : : s 8
Betueen Groups s ¥oles 5 3 B6,TBZ:28,931:" 3 ¢ .:B98:,0889
] < s H : t H
fithin Groups : Heles : 180 :1,881,983;10,456: 180 :1:.5678:.0898
5 H : s s t :
TOTAL 7 ¥ales 3 183 1,868,775:10,758: 183 1:.8378:.0702
H H : e : 3
Betveen Groupe sPemules: 5 ¢ £8,440: 3,480: 5 ¢ .4886:,156%
3 i 4 : - H H 8
®ithin Groups sPeasles: 150 ¢ T2i,1385: 4,808: 180 : 4.8747:,.03511
H 5 : 3 : ] :
TOTAL tPemaless 1868 ¢ T49,5675: 4,809: 158 : 5..453:,0356

L2t
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groups, The shape ratio for the non-barred fast-featherins femsnles is the
only ¢ne differing avnrreeciably from the mean cof all preszeny,

Since the mean body weight and mean shank length of the non-barred faste
feathering wmeles and female nrogeny tre higher than the corresvonding msans
for the ether three groups, & similar sanslysis wes wade of the progeny of
two ¥y matings. A summary of this analysis is given in Tables VI and VII.
It will be noted in Tadle VII that the ammlysis of warisarce actually gave
& lower mean sguere for withinm grours than for between groups in the case
of body weight end shenk length of both sexes. The weluss of "F" pbtained
alsc show thet about the sams amount of wvariation exists within the groups
&s between the groups, Again using the mean square variation within groups,
the signifieance of the difference between the means of any two progeny
groups can be determined. Simge in the mating (Ex L) x (¥ x L), 211 of the
malag were barred and slow feathering, omnly the females oan be compared,
Although the barred and ncn-barred fast-feathering nrogeny have higher
maans Tor body weirht than the slow-feathering proseny, meither mean is
significantly different from sither of the cothar three. The wme&n shank
lengtk of the non-barred fast-festhering vrogeny is siznificantly hizher than
either of the means for the cther three groups. In the mating (Z x L) x
(L x 8), the mean body weight and nean shenk length of the nonebarring fast-
feathering males ars signifieantly greater than the corresponding means for
the progeny in the other three groups, except in the cass of the mesn body
waight of the berred feet-feathering wrogeny., Neither group of the femle
progeny from this mating differed sigificantly in mean body weight or mean
shank length from sither of the other greups.

Since there is a tendency for the non~barred fast-feathoring progeny
tc hawe a higher body weight and & longer shank length, 1t is intsresting

to attenpt to determine some gzenetic cause for this tendency, If cue or mare



TLBLE VI

The Hean Body deight, Chenk Lengih, und Sheye

Rutio of the Progeny from Two Fp #stinge Clues-

gified Zccoruing to Flumage Color snd Bote of
Feuthering

H : : : Body %eight :thank Length :
: : : i (Crams) :  (Inches)
Heting + Pex Genetic: Ho, sStanderds sStenderdy

anc : of :Compo- : of Hesn ;Devis- sMesniPevii- ¢Shape

Clsssg sProgenyseition :Frogeny: stion : ttion 1Retio
H : : : : t : :
(¢ x LY x {(F x L) : : : : 3 : :
: s : 3 H : ' :

Barred - Dlow s Boles g * s O $4B4,5r 118,7 :2.43: G.eB4 : 309
: s H 3 t : 4 :

Burre¢ - Fsst tFemales; By - ¢ il 3478.035 85,4 .87y Q.83 ¢ L8303
: : H : : : : H

Hon-Barred - Fest :Femsles: bk - 3 18 $473.1: 114.% 3X.485 0,03 ;3 816
t : : : 3 : : 3

Borred - Slow 1Pencics: BK - ¢ il X WO T 708 i 8y Canly ¢ 308
: 3 : t H : H 2

Hon-Barred - Slow sFeaslies: BEK - ¢ 18 d4lens 0.1 .54 CO,154 ¢ L3007
H : : H ¢ : : 1

TOTLL sFescles: : 5% 1408 .43 Br.d 12,885 D20k ¢ L3809
: : : t 3 : : 1
(¢ x L) x (L % B} : : : : : : H
: : 3 : : : s s

Berred - Fast s #sles : Bokk ¢ 15 1467,.5:  1lle.4 :i.4%5: 0,328 ¢ 315
: t s : : H : H

Bon-Burred - Fzst ¢ @sles 3 bbkk ¢ 18 250,01 Bred 304801 0,187 1 L3511
¢ : H : s z : :

Burred -~ Slow : #d0lem ; BbKk : 18 2471,0r 11B.8 ::.40: 0,301 ¢ 408
: s t : : 3 : :

Bon-Barred - Dlow @ Bales g bbEk ¢ 13 1448.0: 141.9 .88 0.EL0 2 L.%13
t 1 2 2 : 3 : 1

TOTLL s Molew g : BB 472,05 115.9 1i.4%: 0.287 ¢ L3111
: : s : 1 3 : t

Rerred - Fast tFemeless Hi - ¢ 16 1456 .13 9L.0 3,42 0.iB81 ¢ 314
s : t : s : s :

¥on-Borred - Fest jPemsless b - ¢ ¢ 1454,7: G%.9 1¢.44: 0,047 3 JEZ0B
: H : t : H H :

Barred - Slow sPem=less BE - ¢ Ll 1455,01 BLl.0 32.46: (G.181 ¢ %220
H : : H H s H s

Non-Berred - Slow sFemsles: DK - ¢ 14 $4i7.9: BE.2 sx.B8: UexdB 1 314
t t 3 H : s H z

TCTAL sFearless : 8 1435,9; 88,1 go.dl: 0,235 ; 318

* Inenolype re.resenting four Genotypes.,



snelyele of Voristion in Body Welight smd Thuank

TiBLE VII

Length of the Progeny from Two F} Matings Clossi-
fied fcecording to Flumsge Color amd ERate of

Peathering
: T Body #eight ¥ Shenk Length
s : (Grams) : (Inches)
Source 1 Sex :Degreezs LHum : sLegreess  Sum g
of : of 1 of : of s i;ﬁn,: of : of : Hesn
Veristion :ProgenysFreedomy cyusres siqusresFresdomsfcusressfouere
3 3 : : H : :
Betseen Groups ¢ MHsles 3 4 3 45,568 11,392; 4 ¢ JOBBS ;,0248
: : : : H :
#ithin Groupe ; Heles ¢ 106 xl,a&&,&ﬁ&:l&,lﬁ 1 108 15,8449 .0859
: t : 2 s : :
TOTAL GROUPS : Meles ¢0 109 §l,4:58 431:la,ll¢= 107 +8.9484 :.0858
H t s H : :
Between Groups Feasles: 7 : 4v,9§ég 7,138; T ¢ 2504 32,0832
H 3 : H : : :
within Groups  sFemelesy 107 774,8?5& T,24ky 108 35,0817 3.,0408
3 : : H 3 H
TO0TaL CGROUPS sFemcles: 114 3 8&4,8403 7,685 108 :5.3141 :,0488
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weight and shank length for the Ty forales from the L x ¥ mating were 2lmost
significantly hizher than ths means for the Fy fomeles from the 7 x L mating,
& reletionship axisted betweer rete of growth and sexuvel raturity., How-
aver, the same diffsrence existed bhetween the rals rrogzany from the reeipro-
crl crossses. This could be exvlalined on the basis of the influsnce of the
geve for sexual meturlty if it is assumed that the exhibition-dbred Barred
Plymouth Hoek mle was homozygous recessive for the gene, Ixhiditionebred
Barred Pigmouth Roeks are usunlly very late maturing, whereas produstion-
bred Derrsd "lymouth Tocks vary considerably for this fastor, For example,
if alrost all of the Brown Leghorns and produstion~bred Barred FPlymouth
Rocks carried the fasctor and the exhibition-bred mele did not, the genestie
composition of the Py matings and F, progemy would be as follows: ,

Py mating (T x L) = 20 x Tw and (Lx R) @ E" x Fe
m,w mles = Feo £
mw Toreles = g«

5

&3
'

Further investigationsl work will be mecessary before any definite cone
clusions can be meds soncerning the influence of sex~linked gene on rate of
growth,

Degree of Feathering at 8 feeks of Age. This study imcluded all mtings

given in Table II exeept three. The w» meting (L x 3) x (L x 7) wag omitted
becsuse of the ebnormel ratio of fast~ and slow-fentherine rropeny obta ined
at 10 days of age., In this meting approximeately three tires 23 nmany faste
feathering as slow-{estharing chicis ware observed, whereas a ratlio of
approximtely 1:1 should have besn cbtained, The Fy mals was from e dan
thet gave only slow-feathering zons and the Fy feramles were cbeserved to be
non~barred and fast feathering, Tertility wes obtainsd in this mating

for a short pericd only. It could be sesumed lozieally thet a2 Drown
Lasghorn erossed over into ths ren arnd sired some of the shicks exeert for

the faoct that the ratio of berred and ncn-barred was wory cloge to 1:1,
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Matines Lx (E x L) and (¥ x L) x 2 oontained too few fermles to produce
& somparable number of progeny with the other matings.

Figures 1 and 2 show & slow-feathsring and fast-feathering chiock,
respectively, at 10 days of ags from the backoross mating (F x L) x L.
Figurs 3 shows & "bare back" berred male at S wesks of ege from the back-
eross mating R x (£ x L), Figures 4, 5, and 6 show, respsctively, a
medium feathered male, a mediur foathered femmle, and an almost conpletely
feathered female at 8 weeks of age from the backeross mating (Z x L) x L,

Table VIII gives the means snd standerd deviations for the sccres of
the degree of feathering over the nine tracts at B weels of age for the
different matings clessified according to rete of feathering at 10 days of
age. The genetiec ecomposition of the males and females ussd in the matines
and the progeny is elso indicated, The anrlysis of verianse in total
feather sccre is given in Teble IX, The walues obtained for "F" of 9,37
and 7,96 for the males and femmles, resvectively, are highly signifiecant,
The meean scuare varistion obtzined within metings or groups was usad slso
in determining the significence of the difference between pairing of the
msans for emach sex in Table VIII,

It is obvicus in compering ths means in Tabde VIIJ that the highly
significant difference obtained between matings by the analysis cf wvariance
was due largely to the highly simmificant difference betwesn tha groups that
were recessive and those that were homozygous dominant or heoterczygous domie
rant for the sex-linked genes. In the F; mating (x L) x (£ x L) &all the
males were slow feathsring at 10 days, but sore of the individusls carried the
genes KK while others were heterczygeus, ¥k, It mmy be sipnificant to uncte
that the highest stemdard deviation given is for this group of meles which
my be dus to the individusls differing in their genstic compositicn for the

sex~-linkad gene ¥, A mean differsnce of 3,4 was obtaired betwsan the fast-



Figure 1, A slew-feathering (Kk or K-) ohiek at 10 days of age from
the fcack-cress mating (¥ x L) x L.

Figure 2, A fast-feathering (kk or V-) chick at 10 days of am from
the backeross mating ( x L) x L.
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igure 3» A "bar® baok" barrad m /e at 8 Figure 4. A medium feathered barred
mCoka of ago fron the mating Rx (B x L) male at 8 weeks of age from the mating

hat was homosygous (IK) for the sex- (Ex L) x Lthat mas heierosygous

.inked gone K. (Kk) for the sex-linked gene K.

Figure 8* A medium feathered non-barred Figure 6. An almost eempletely feathered
female at 8 week* of age from the mating barred female at 8 meek® of age from the
(Ex L) x L that mas haterosyyous (K-) mating (E x L) x L that mas recess 1rs

for the aex-linked gene K for the sex-linked gene K«



b Summery of the Degreoe of Feathering #t 8 feeke
of hge by #stings of the Jex-linkza, Gumetically

TiBLE VIII

Foet snd slow Festhering Progeny st 10 Duyw of

hge

1 sGenetictRote of o : : H
H 1lospo~- tFesther-s : t H
t reition ing =t ¢ tGenetic:s s Gtendnrg
Esting rZex of of 110 dsys :Bo, of ;Coapo- :Nezn:levia-
1Progeny:¥sting sof sge sFrogenyseition i stion
(¥ x L) x (8 x L) ; %ﬁle$~;§k x K~; Slow ; 49 ;KK % Kk:lﬁ.ﬂ: 4,68
(# x L) x (L x R) : ¥ales :Xk X k~: Slow : 30 : Kk :12.7: 4.19
{(#¥ x L) x (L x R) : ¥oles :Kk X k-; Fust : %8 : &k :15.9: %,87
Ex (Fz L) : ¥e les :KK x K*: Slow : 51 : KX :12.6: £.80
B x (L x K) : Bsles i&K X k-: 3low : 119 ; Kk :lE.Bi 4.04
L x (L x R) : deles :kx X k~: Fest : 47 : Xk :l&.?i 2.81
(i x L) xL : #ules :ﬁk i k«j Hlow : 79 ; Kk :14.8: S.82
(f x L) 2 L : W dlew :Kk X xo: Fast : 106 : Kk :16.4: £.49
ToTAL : Reles : : : 808 : :14.5: ®,B85
s : : 1 t t H
(E x L) x (£ x L) :FemnlessXk x K-y Slow ¢ 25 ¢ Y- :15.%: 5,65
(¥ x L) = (¢ x L) iF&mﬁleﬁ:KR F3 K—: Pust : <7 : K :18.7: 5,08
(txL) x (L x &) :Femﬁleﬁ:ﬁk X k—: Slow : 24 : K- :ii.&: %57
(¥ x L) = (L x E) ;Famaleﬁ:xﬁ x k-: Fust : 33 : k- :la.li £.78
Rx (£ x L) :F%m&lé&:KK X K-: Clow : 59 : K- il?.?: %e56
R x (L x k) :F%malaazﬁﬁ x k~; Blow : 130 : K- :16.5: 3.47
L x (L x E) :?ﬁ%&l&ﬁ:kk X k-: Fost : 78 : k- :17.5: 2,99
(FxL)xL :ﬁﬁxalﬁﬁiKk X k—: Slow : 8l : K- 215.5: Z.81
(FxL) 2L :F@mml@ﬂ:xx x x*: Paat : 7% : K- :18.4: £.97
TOTAL :FﬂMﬁlﬁﬁ: z i 5089 : :1?.0: .29
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T4BLE IX

incliysis of Verisnce in Degree of Pesthering at
8 Yeeks of ige

t t
I ¥eles $ Femeles
Source sDegrees: Gua sfegreesd: Sam ¢
of : of 1 of :#een: of 3 of 1 MHeen
Variation sFreedoms Syuares 1Sgusre: Fravdon; Sguares Sguere
3 t : H H H
Betxeen Eatings or Groups ¢ 7 s D08 :129.48: 8 685 : 77.88
H 3 t ) : H
Within Motings or Groups : 800 38,810  13.8:: 500 4,893 : 8,79
$ : s H s :
TOTsL s BOT 17,818 ¢ 15.4&: 608 35,518 3 10.86

44



48

feathering {k-) and slow-Peathering (%-) fermlss of this meting, This
difference gave a highly significant "t" of 5.54., The mean diffaereuces
between the progeny from & msting that were fast feathsring and those that
woro slow feathering at 10 days are highly significeant in 2ll cases, The
" valuss obtained wers 4,64 and ‘&.44, respectively, for the mlea and
fewmles from the mating (2 x L) x (L x R), and 4,15 and 8,10, respectively,
for the males and females from the mating (£ x L) x L, Althcugh all the
progeny frem the meting L x (L x R) carrisd the recessive gens, the neens
wore comperable but lower than thoss for the recessive progeny from the
other mmtings, The cnly groups carrying the recessive gens that were signifi-
santly different were the ferales from the rating (¥ x L) z (£ x L) and the
mating L x (L x R),

The means for the heterosyrous male rropeny frommatings (0D x L) x L
end R x (L x R) are eignificently hizher than the mesan Por homozygous males
from the meting R x (E x L), The mean for heterctygous mmles from the mating
(£ x L) end {L x R} is &lso siznificantly lower ther the means for ths cther
two heterczygous groups, The mmle progeny from the (¥ x L) x {¥ x L) mating
inelwded homozygous and heoterosygous individuals in approximstely equal
numbers and the wean obtsined was intermediste in welue,

The mean sccre for the femmle progeny from the meting R x (Zx L) is
significantly higher than the msans for the other slow-festhering progeny
groups. The mean for the femals vrogemy from the mating B x (L x R) is alse
significantly higher than the msan for eash of the other slow-feathering
progeny groups except those from the mating X x (2 x L),

The females in esch group alsc had & signifisantly higher feather score
than the correspondine =ales,

Since sigrifieant diffarences were found to exist betwsoen the reans for
total Pesther secre in every cass whare fast-feathering and slow-fsathering

birds at 10 devs of sre wers comperad and also between certain progeny croups
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with the game genetic cowposition, & detailed emalysis wes made of the 2istri-~
bubion of the feather score by feather tract for all the rrogeny, This was
nseeesary in order to determine if all feathar tracts contributed equally or
disproportiomately teo the significant differsemces found for total sccres.
Peroantage distributions of the wrogeny groups on the basis of feather
development for each of the trscts cbserved are given in Tables X and XI

for the rales and females, respsctively, It will be noted in studying these
tebles that there is occnsiderabls wariation smeng the diffsrent progeny
groups in the percentage distribution of the imdividual feathar secres for
811 nine feather tracts. Less variation is noted umong the orogeny groups
for the web, thirh, leg, and bresst than for the obhsr five tracts.

In order tc datermine whether the comwpnrabls diffarences in the percentage
digtributions are significantly different, Chi-gsgusre tests were mmde for
the more important eomparisovs. The schi-sgusre veluss obtained for each of
the comparisons mede are ziven fcor ssch foather tracst im Table XII, 4 tabls
reported by Hendrieks, Quimn, and Sodfrey (31) shows that ths normel range
of variastion of ohi-square valuss for 2 degrees of freedom gt the S-parcent
lovel of significance is betwesn ,000 and 5.991 and for 3 degrees of freedom
is between ,003 mnd 7,816. Since four classes or sccres were used, three
degreocs of freedom are awailablas for sach feather tract whers the progeny
falls in 21)] fouwr classes and twe degrees of fresdom are aveilable whore
the progeny fall in only thres classes. By also referring to the tadles of
Snefecorg (84) it can safely be soncluded that the schi-square velues in
Table XII that excesd 7.815 are significant and those that exseed 11,241
are highly signifieant,

In the progemy from mating (¥ x L) x L the slow-feathering (¥k) and the
fast-feathering (kk) males differed significantly in degrae of feathoring at
8 weeks of ape over the neek, bael, tall, and sheuldar, The fast-femrthering

(k=) and slow-feathering (¥-) farmles diffsred significantly over ths same
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seore or Each

Observes

of ths Tracts

TABLE X
Percenti.ge Distributions of the Hule rogeny

Grouped on the Beseie of Feather
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four tracts, and alseo the wed and abdomen, The fast-feathering (kk) mmles
from this mating had & sisnifloantly highor degres of featharing over the
neok, tall, and shouldsy but & siznifisently lowor deerse over the braast
than the slewefenthering (%-) femlas, The fast-featheriny {i-) formles

ware signifiecsntly better featheorsd them the slow feathering (¥-) fernles
froe mating (E x L) x {E x L) only over the neck, beok, tail, and thigh,

The fast-feathering vrogeny (kk and k~) were significantly better feathersd
than the slow-feattered (Fr and ¥-) vrorenmy from mating {E x Lﬁ x (L x ®)
anly over the neok, back, and tall, It is alse interesting to note thet the
slow~-feathoring heterczygous (¥X:) males from mating R x (L i 2) were signifi-
cantly better feathered over the neck, back, tail, and shouldars than the
slow~feathering homosyzous (¥¥) rmles from the mating R x (E x L), 7r the
other hsnd, the slow-festhering females {¥.) from mating % x (¥ x L} are
gignificantly better feathsred over the neelk, back, tall, thish, and lag
than the slow-feathering fernles (Z-) from the wating R x (L x R). The
slowefeatharing {¥-) fommles fr uw mating " x /L x B) are signifisantly better
femthnared cver the back, teil, web, thi~h, breast, and abdomen than the slow-
feathering (¥k) rales,

Thase chi-square values show in zenarel thaet sirnifloent diffarenses in
degree of Teathering are rost likely to ccour over the neck, haok, tail, and
shoulder at 8 weels of ape., It is rlsc ohvious from thissudy that, although
the birds csrrying the renss 'k or k- have & higher feather secore at 2 weeks
of age than those carrying the genes ¥k and Fw, they are nct vore coumpletely
foathersd over all perts of the body, Referring agaln to Tables X and XI,
it 13 noticed im the meting (E x L) x L thet, ahtough the first four tracts
ers signifieaatly different in degree of feathering in the males and fewales,
this differense is not of material seomomic importance, For exampls, 41,8

and 51,9 perecent of the slow-faatherine (Wx) mmles at 10 days had a soore
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of 1 and 2, respectively, for the feather tract over the back as contrasted
with 14,0 and 73.8 percent, respectively, for the fast-feathering (kk) males
at 10 days. However, only 12.1 percent of the fast-feathering males were
completely feathered over the back vhereas S.l percent of the slow-feathering
meles were also completely featherec. In the [emales the differences between
the two groups ere much grester than in the males. It is also significent to
note that, while 29.6 percent of the slow-feathering (K-) females hwmd & score
of 1 for the feather tract over the back, B«8 percent of the fast-feathsring
(k~) femmles also had a score of l. This means that 4 females out of 72 werse
observed to be bare uver the back except for pin feathers.

Since the sex-linked gene, X was found to have & gignificant effect on
rete of feathering over some parts of the body at 8 weeks of aze, considera-
tion was also given to the possible reletionship of the sex-linked barred
gene, B. Table XIII gives the percentage distributions of the progeny from
the mating (¥ x L) x L on the basis of feather score and genetic compecsition
in regard to these two sex-linked genes. A close inspection of this teble
shows that no consistent differences exist between sither the barred snd
non~barred {fast-feathering progeny or the barred and non-barred slow-
feathiering progeny.

Relationship of gate of Growth to Rate of Feathering: In order to

determine the inter-relstionship of body weight and feather score for each

of the tracts at § weeks, the mean body welight and mean feather score of each
of the remeininy tructs was obtained for all the progeny classified according
to the feather score of esch tract in consecutive order. These means and

the number of progeny involved for sach feathsr score are given for all
tracts in Tables XIV end XV for the males and femsles, respectively. These
tables show & rather consistent inter-relationship between body weight and
sach feather tract when the progeny of all the metings are considered as a

group. A general conclusion asn ha meda fi-s
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over all parts of the hody are correlated,

It will be recalled that the date cbtained on the ¥, vreogeny tomd %o

1
show & negative relstionship betwsen rate of feathering and rate of growth.
The results from previcus investizatiocrs alsc were not in somplote arreew
ment, The ccefficient of ccrrelation obtained by Pedi and Yarren (75)
ranged from 0,085 to 0,383 and 0,194 to 0,240 for ferales and mlaes,
respectively, CGericle and Flatt (12) in their Barred Flymeouvth Tock investi-
gation chtained a cceffisient of correletion of 0,812, Jasr and Ycrris
{40), working with & number of different breeds, obteinsd & cerrelation
ccefficisnt of only 0,23, 2adi and varren {75) were lad to oconzludas that
body weli~ht end feathering es dotermined at 8 wesks of are heer ne oclose
reletionship,

Since a high degree of relationship is apparent in the Fz and beek-
oross data cbbained in this investigeitlon, it would be of importarnce to
deterrine econclusively if gensa Ter the exvression of these twe sharacters
ars borns on the same chromescre or whether the relationship is of a
physiclogical mature., In en effcrt to obtain more inmformation ragerding
this subjeet, correlation ccefficlionts were ocbtained for esch of ths orozeny
groups and & acvariance enalysis was wede of the relationship of totael
feather soore to body welipht and shank lenrth, The coefficients obtained
ond the results of the coverianse annlysis are given for the rales and
fermles in Teble XVI, Stnedecor's (84) tables were refarred to apain in
order to deterrine the S--ercant and l-porcent lavel of sienifiecerce for
the degrees of freedon aveilable for sach coefficient,

The oceffisients obtainsd betwesn fsather secre &nd body weirkt sre
hizhly significmnt for all mele vrogeny groups except for mating L x (L & R)
which is berdly s‘imﬁ%n-. The sosfficients are alsc highly siznificant
for all the femsla progeny groups except those from matines (Y x 1) x (§ x 1)
and the fast-feathering group Prom metimg (¥ x L) x L, The three axcevtiomsl

aoaffiaiants 2are alan halow the Benarsant laval of aimmifisnmaa. Tha
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T&BLE XVI

Correlstion Cocfficients Oblelned in the ipelysis
of the Relsticnshi; of Totel Fssther Icors to Boiy
Helpgbt =nd Fhenk Length at 8 tecks of ige

H H H
:Kete :Feuiher [core snd Body teight:Festher :core smo Shenk Length
;of H dales : Fosalue ;1 H:les +  Pemalus
sFesth~:De- 3 sle- 3 sie- 3 1De- :
Ysting rering :grees:;Correle~rgressiforiele~gresssforrele~sgrees:Correla~
or it 10 :of  :tiom Co-:of  :tion Co-sof  :tion Co-:0f  :tion Co-
Groups Trys :Free-sefficd- (Free-reifici- :¥Fres-iefiicli- :Free-ieffiei~
1of Agesdom  senle idom  rents sdom  zents riom  sents
s s : : 3 : : H H
Ex LY x (¥ x L): Slow ¢ 47 » 537 ¢ EB z LuB0 1 47 ¢ 58T o 28 1 417
: : 3 H H : : t H
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sorrelation socefficliente obtained between tetal feather socres end shanl
length are highly signifleant for all the femmle progeny rrouns except

those from the meting (Ex L) x (¥ x L), These Ywo exeeptiomal ccefficients
are of & high value and are above the Bepercent lavel of significence, but
the degrees of freedom availebls are too swell for the cceffisients to be
highly significent,

Tha seorrelstion ccelfielents obtainsd in the ccveriame snalyvsis are
highly significant in emch cese within matinys cr grouvs and feor total
varignos but not significant betwesn mtinps or sroups.

This oovariance amalysis showa that the significanmt relaticoship between
rate of feathoring snd rete of growth ia due te the hirh relaticnship exist«
ing betwesr these two fametors In the progeny of the sare genarsal zenetie
eonpesition, This would sugpest thet either the pewss for the sx ressiom
of these two sharacters sre borns on ths sare chromesore or scms of the
gomes Tor the expression of cne of the characters also influenee the other
eharascter, rather than the relatiocnship $¢s due te the sxyression of o
physiologiocal fumeticn, If the relaticnship was solely of & thysisclerloal
mbture the oorrelstion cveflflcisntas should be nogitive alse hetweosn metings
or groups,

It is 1mwessible from e study of these datas to determine the number o
gonas that affect rate of growth &s well g8 rate of Tesitherine., It s
apparent, however, that im the cmse of saeh chareeter, multiple rense

are involved,
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SUMMARY AND CONCLUSIONS

An analysis of the data obtained in this investigation appeared to
warrant the conclusions that follow.

l. In gensral the Barred Plymouth Rock psrental stock transmitted
genes to the Fy» Fp, and backeross progeny that contributed to a more
rapid rate of growth and & less rapid rate of feathering st 8 weeks of
age than those contributed by the Brown Leghorn parental stock.

2. NHo consistent differences were obtained in rate of growth or rate
of feathering between the descendants from the exhibition-bred Barred Ply-
mouth FRock male and the production-bred Barred Plymouth Rock females.

3+ The male progeny of all Py, Py, end backcross matings had signifi-
cantly greater body weight and shank length, but e significantly lower
rate of feathering then the female progeny at 8 weeks of age.

4. The conformetion or shape as determined by the ratio of mean shank
length to the ocube root of the mean body weight for the progeny from each
of the P;, Fj, and backeross matings was found to vary only slightly at 8
woeeks of age.

e The male and femsle progeny f{rom each meting also were very similer
in conformetione.

6+ Nelther the sex-linked gene (B} for berred plumage nor the sex-
linked gene (K) for slow rate of feathering had a significant influence on
rate of growth, However, in all matings but one the non-barred fast-feathering
meles (bbkk) and females (bk=) grew at a comparatively faster rate than
either the barred fast-feathering, barred slow-feathering, or non-barred
slow=feathering meleg end females.

7. The gex~linked gene for early sexual meturity is responsible perhaps

for the indication that & sex~linked pene exists for rate of growthe.
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8. Birds homoszygous or heterozygous for the sex-linked gene K had &
significantly lower feather score at 8 weeks of age than birds ocarrying the
recessive gene only. The significant differences in total feather score
were found to be due largely to the signifiecant differences in degree of
feathering over the neck, back, tail, and shoulder tracts.

8. Since conaiderable varimtion existed in the degree of feathering of
each t ract among birds recessive for the sex-linked gene K, a number of other
genes must be involved, some of which aot upon the sex-linked gene.

10. The sex-linked geme for r ate of festhering has very little influence
upon the rete of feathering of tracts othsr than those over neck, back, tail,
and shoulders.

11. The sex~linked gene (B) for barred plumege was found to be loosely
linked with the yex~linked gene (K) for rate of feathering but had no signifi-
cant affect on degree of feathering et 8 weeks of ege.

12, The corrslation coefficients obtained hetween rate of growth and rate
of feathering were positive and highly significant for the total population
and for the progeny groups within metings. However, the coefficients obtained
betwsen the means for the different progeny groups were not only non-signifi-
cant but also negetive for the males, suggesting that the correlation exist-
ing in the total populetion could not be due to a relationship solely physiol-
ogical in nature. Genes for the expression of these factors are borne on the

same ohromosome, or one or more genes influence both factors.

41396
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