Yrom the Denartment of Mutritionat Scicneos, Lnfeer-
siby of Connactloul, #orr, Connectlent [Somas]), and
the Peafrwl Awiaries, SdE Dgkelowi-Blatilon RBoad,
MNewrark, [Deluwars (Burgecy, The authors wist to tank
Richard A, Lombeoetecn, Ecncst West, and Beojemin
Caballero far pome of tha pictures in Fignre L. Thia
naper is aclentlite contedhuton na, T30 dtem The Ag-
ricrltural Faneriment 3allon, Sorrs, Comectloul,

dnterual of Boradior 150354:57-62; Q02 250350 /4,00

Inheritance of the White and Pied Plumage

Color Patterns in the ridian Peafowl

(Pavo cristatus) -

R. G. Somes, Jr, and A. E. Burger

The pled, dark pied, white, and biue white-flipht plumage color phenctypes are
described, and their relstlonships to each other explained. Crosses among and be-
tween these phenotypes and the wild-type blue indicate that & single autosomal
letzus is responsible for all of these phenotypes. The white mutant allele {W) when
homozygous produces an all-white plumage. This allsle is shown to be & weak
incomplete deminant with about 80% penstrance when heterozygous with the wiid-
type allela (w-), and this cembinatien produces the blue white-flight phenctype. The
pied phenetype dees not breed true but produces whites, pieds, and dark pisds in
a 1:2:1 ratio. Dark pieds breed true with shout 799 penetrance, and when bred to
whites produce all pieds. Thus, pieds are heterozygous for two mutant alicles [ W/
w>}. In this three-allelic series; the white allale (W) is the mast dominant and the

dark pied allele {w) the most recessive (W > w = we),

The tndian Peafowl {Mopa cristaius), a louly
regal hird native to [bndia and Ceylon, has
been domesticated by man for a consld-
erable langth of time, as i lndicated by
early biblical referonces {1 Kings 10:22 and
[[ Ctironieles 9217, The peafowl 15 sili] &
papular domesticated Hed, in part due to
soseral fealher eolor muatations that have
appearad and been maintained over e
vears, Even thangh some of these color
variants have beo popular for well over
[0} years, only recently have any of Lo
heen studied extenshely 1o dotermine their
fgeuctic basls. .

A vowpanion article ta this report
(Somes and Burger 19211 deseribed the
genelle basis of the blue and the hlack-
shouldered plumage color phicnutypes, as
well s two more recert pluoage color m-
tanl phienotypes, the cameo and calen, In
this article we cover the inheriled hasis of
the popular white and pied phenotvpes
and twn lesser known phenalypes, blue
white-flight [wi) and davk pied. The white
and piad pratowt colors have been around
for quuite: some time and weie probably the
first and second color motant types in the
peatowl, Darwin in 1868 mentioned a re-
part by Dixon dated 1850 iy whicd: he spoke
of a large Jlock of blue, white, and pied
peatowl, Thas, they were common 140
years ago and rrohabdy for sone time pri-
or o thak

Cormtents in the lay literature concern-
ing the inheritance of the while and pied

phenotypes are guile confusing aod, in
some cases, actually confradictory, While
ir described by some as an jucomplete
dominagt and by alliers s an incomplete
recessive, Pieds are said by some to roed
true, while others sy that they do oot
When whites are bred to blues, some say
the ofspring are pleds. Others say the off-
spring are a phenngype kuown as blue
while-0lghts, which 1s generally & blue wild-
Lrpe bird with some white primary flight
feathers, a phenobype distinclively differ-
call [rom the pied phenotype, The data re-
ported heee, which has only heen hrieily
metlionéd elsewhere (Somes and Burger
195070, clear up this confusion and show
how those various conciusions could cas-
ily have developed.

Materials and Methods

Descriptions
Bire, Blue is the genelic wild ivpe for the
chistafus peaftowl species, whereas all other

" phenotypes are cavsed by mutanl genes.

Elue chicks are pale buffy brown with a
dark lrown nape and bind peck, and a
deep rufvus hack, The sexes are very dif-
licult to determing at this age, but female
chileks tend Lo have darker tan tips on their

secondaries than do male ehlcks whose

secondaries arc more of a cream calor, A4
adulls, peacocks have a bright glossy me-
tallic blue head, and 1hc upper neck and
e east are silky Dlue with greeno and
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purplish shades, The lower breast, Tank,
end abdomen wre Black and dark glossy
green, while.thighs are pale bull, The back
al the hase ol Lhe neck is golden changing
toe metailic light green with each festher
having a Lrowi v-shaped patch narrowly
edged with Llack, Shoulders, lesser willg
coverts, and tertiaries are buffsh-white and
irregularly maottled and Larred with black.
Ouler wing coverts and sccondaries are
Llue-tlack, while the primtarics arn cin-
namen. The train runs from Coppery-
bronze through gold to a dark Ereeql. The
“eyes” of tho Lrdin consist of a deaps hhlue
Paleh hordered by frst a Lrillianl blue auel
then a coppery-brown ring, These rings
arc, in ture, encircled by a narmrow Fing of
golden-green and, lasthy, a tijae ring.
Blue peatiens arc inuch Ioss colorfy), The
liead and upper necl are clwstinl-browr,
while the lower neck, upper bark, and up-
Jrer breast are glossy metaltic green. The
lower Breast is dark brown, witide be abe.

doimen is pale butf and the thighs and back _

are earthy brown, Shoulders, wing coverts,
and secandlaries are also earthy brown with
paler brown markings. Prhnartes and ree-
trices are blackish brown.

White, White chicks are 2 cream-yellow
culor, As adults Lhe white peafow] of hotly
sexes are talally while (Figure 14) and
thelr eyes are blue, whereas Lhe wild-type
e oolor i dark broswnblack, The “epn
rings un the tnale’s il train, altheongh bo-
tally white, can be discerned due 1o the
Lormal eather structire differciees as-
sociated with the feather eve area.

FPied Tied chicks are the sume calor ag
Llue chicks swith cream-yeltow splashes af
varying sizes on the down feathers, Adult
pieds are of the bue onloration except that
they Lave splashes of white feathors in
Uioze areas where they stuowe Clnam-1re]-
I down as chicks., The while snlaslied
areas can vary from small limited areas

. (Figure 1B to cxtensive arens of the hird's
surfuce (Flgure 103,

Lhortz piedd The dark pled chick may show
8 variety of phenolypes. A few chicks are
similar to the biue chick in color, but the
majority af them have some white show-
ing, eithor as while coverts or while Elisghy s,
or both, or a white "chuck” under the chin
in addition tv while coverts ang Mights,
The actult dark pied phenotypeis basically
the saine as the blue with vary lintited
atnount of white showing, The prlinaries,
coverks, and a few sirrounding wing fealt-
EvS are generally white (Figure 1), Sume
tnales have 4 small white spod in the cearer
of soune af the train eyes {Figure 1F), aod

a low might also have a small spolaon the
Lraast, T

fifie white-flight, The bluc white-flight
¢hick cannol be dlatinguished from either
the bilne or dark pisd chick a3 the we vhick
is capable of expressing the same fve [ELCS
notvpes as deseribed [or Mie dark pied
chick. The adults of 1his phetsype anpear
a8 hiues will pigivent missing only [rem
the flights or coverts or heth,

Matings

Tlee dala presculed in this Paper were col-
lected from within the peafow] colleclion
alone of the anthors (R.E R over the time
span of 1877 1o 1941 and represent 91 L
divldual matings. For the mosl Part these

matings wers flot sel up fo answer specilic:

genetic questions; but, because of the ex.
tensive numbers and kinds of matings
fwade and the detailed rocords kepl, an
Analysis ol the data does, in fact, answey
gevetic guestions about these mutant col-
or traits,

Chicks were classified for calar pheio-
type al time of haleb, and these classifi-
cations wore verlfied a1 an older ago when
the birds had grown their feathers, All birds
were classifed o one of foor phena-
fypes—blue, while, picd, and wf, The wi
classification tncludod all of the four vari-
ants describad under the dark pied phe-
nolype abowve,

Resulis

Wholte: and Bive Croasses

Thirty of the malings invotved 1he white
and blue wild-type phenttypes i Gve yp-
ical genetic crosses, These data arc pre-
scniled in Tablc 1, White peafow] were
shown e bresd trgg, ths indicating 1hat
this phenotype was homezygons, When
white birds wore reciprocally bred ta Lhe
wild-type blue, Fwo-thirds af e . 4 waro
wl. and one-third wore blue with no dif.
ferances scen hetwean reciprocal matings,
These data wore signif cANtly ditlerent from
the expectation of alt F,s being of the same
phenatype and, thus, threy indicated [fat
the all-white phenotype was caused b bo-
Mezygostly of an incotnplelely dominant
gene with incoemplcle penetrance, The F,
gencration and ocie of the Lackerosaes
were also complicated by this reduction
i penclrance, and so these data were alsg
significantly different from data cxpectod
it onky wi was the F| Lype. fh the Jower half
of Table | these satme dats hove been Lt~
ilied by grouping together the w and biue
phenolypes, reatizing thal some of the

Blues arc wild lype while sthers are really
Lhe ¥, type. This wodification eliminatod
errors in classification due o the redueed
peoetrance, When the w! and Ll rhe-
notypes are combined in this wiy, thore
aré no significant differences i Hio data
of any of those crosses, The data are thus
couststent with W being an ineomplete
dominant. || was alan noled that qo pied
individuals appeared fram any of thess
CIOBRNS,

Pled and Blue Crusscs

Fourteen indivichigng Imatings wore made
ivvolvlig the pied and blue wild-type phe-
notypes in four crosses, These data are
presentedin Table 2, The pled = pied mat-
ings produced [pur plienclypes, This.
showed that the picd phenotype was ge.
uettcally heterozygous producing white,
picd, Bue, and what at fipst appeared to
L wef, With four Phenotypes resulting from
this cross, these resilis wepe significantly
different from the 1:2:] ratlo that wolid be
expected fram g heterozygous mating such
a8 tiis. When these wi types fron (e pied
* pied matings were interbred (ernss no,
2], e results indicared that they were
howerygons for thelr tenolype, but with
a slight reduction in peneteance. Because
these widike birds hrad true, they weps
obviously different [rom the while s e
Fiwl and so these nesy wi-like tvpes wern
naned “dark pied.” When pied peafowl
were mated to wild-type biue peafow] and
to dark pied peafowl, the exneeled 1:] ra-
tios were vbiained, Becanse penetranee
was not complete for the dark pied phe-
not¥pe, with most appearing similar to wi
bul a few as blue, the w and blue phe-
uolypos were combinesd ang reanalyred,
This resulted in removal of significany dif.
terences from all of the erosues, Thess
modified data are prosented in the lower
halt of Table 2. These data showed thai
the dark pled phenotype resilted from b
mozygosity of a single gone {iam) that was
allclic ta Wand recessive to it When these
twar allolas wore in the genotyne logeltier,
the resuiting plumage phenatype was the
pled pattern,

White and Pled Crosses

Tie remaining 47 individual malings, con-
sisting of five crosses, further veriferd _1]_:_r_!
allelizm hetween the goaws responsible tar,

the white aud the dark picd phr::nqmgpq
These additional data are preseplEd ind
ble 3 'I'he daja Irom rhe .l=a-§-. :
table alsa showed thai _i]_i,c-.i*,:'gld Wy
Wt was gormingn 2. L h
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Talsic 1. Croases bebwesn wiilte and blus peafow!

M. of progeny phanotymes

i of
Trosy nntiLgs Whita Elad Wi Elue Tatal Ratin x I
white % white i B2 - — — 52 ik 000 1,00
CHEHD (YRS '
white = llue 5 — — 20 11 o all — =1
CHFI ol wer)
F. [wil = F, (wi] 5 g — 1 15 3 1:21 19,78 <004
L .
white x F, [wi) 3 14 — Ll a a6 1:1 — -0
CHYHD [ Hfw')
s« F. S 4 — - a 4 14 11 114 B
Car ) (W
Crata monllfied for reduced pepetrance ———
weliite » wlylte L1 he — 32 all 0o 1.0
THIWY  (RTHD '
white = blue . 3 — k] ] all L.aq 1.00
[ B [t
P fwl) o ¥ (wi) 5 H — 2 A% 1:% 0.0 ».7h
(B [Ww
whits = F| [wE) i 15 - N 35 1:1 0.44 0.50 |
Ly
Tlue = F, fwfy 4 - - g 4 aill onnn 1.00
Ceerfur) [ Wfae

“WE — il whita.tlighta,
* digndficiat diferenco.
“F and ue phenotypes comblnel.

that these three alleles had the following
relationshipto each ather I = w- > we
These data are alzo presented in the mod-
thed inem (wf and blue plenmypes com-
inedd) at the bottom of Lhis table, with fe
modificatlen eliminating the signlficance
lit the segrezatioin that was present io crogs
Iniva: B

Discussion

Dur previous article (Sames and Burger
1921}, the first scientific paper ever on the

Lubsle 3. Cramaes lctween jicd and biue peatnwl

inheritance of peaiowl Plumage colors,
dealt with what were probably the third
and tnrth plumage color mutations in this
species. Although the poafow] has heen
domesticated for quite some tme, its mum-
ber of inutant color genes is quite limired,
and studies prior to thal paper and this
one were nonexistent. The previous re-
parted twa color patterns (Somes and Bur-
ger 1981} were each unique in that one
feameo) was luherited as a sex-Unked ro-
cessive which reduced the ofherwiso ex.
quisttely volored pealow] to a tan colora-

M. ul progey Phemdypes

“thon. The other {black-shouldered}, ag

avtosornel recessive, exhibited extreme
sexlal dimorphism in the adult plumage.
In the present study Lwvolvling two mukanty
of long standing {white and pied}, the ine
heritance and phenatypes are again
naigue. These two phenclypes result from
Uwor mukent alleles at the same locus, ]t
would- be impnssible at this late date 1w
know which of tiese alleles mutated first.
When both outated alleies were preset
and Lhey currhined, the result was the pled

_ patter. The beauty of the pied pattarn

o, nf .
L.ruRa mathigs White Pied W Hue Trdal Ratiy ¥ r
picd = pied ' i Y 2 a4 5 a7 T R— e
S (W ey
"o dlkepled s dk e 5 — - 12 1 1% ull — <01
Aty D) :
| w0 biug 2 — 3 7 1% 1:l 140 =1
BT at fa]
% b plag] ] — & 7 — t7 1l B85 25
TR L)
mm‘]jﬁ:d tny redured peneltance
1L S i 14 H 4 H 1:31 LieH . =D
] — - 1z L3 Al a.00 L0
2 - — 1 1l al 0. .00
.2 - 1 ¥ L7 L:] i35 =05

Wi - LJ..[JJE_ wh_l._la:_-ﬂi.g.ﬁt,'tj.'. g

. *Bignitkicarit dlfiercnes

SWF and blite phetanpes comblued.
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Tahie 4. Croases between pled and white pesfewl

R, of e of prugeny phe::ulyg.\_c! . i L
CroaR 1lings Whice. Fierd W Blue © Todal Rt xE s
whlle % sied an 1 5 — 167 11 045 = %3
(WWY - CHEa)
while = ok el BT . — Hi| -— - w all 003 1,04
CWIWY [
picd ¥ F.owl k] 2 7 4 5 b [HEY| 42 > 25
THRe) e )
wehite % I, it pd 2 3 2 5 1w 1 <, 0e
CHYWT {miur)
Fpowl = Fy dk pe T .= 13 13 AR B34 1:l:2 220 =20
CMyw ] (e
Data modifed for reduced ponettoyg e e .
wlhite # paladd A A i — IRY 11l .15 =25
L R T
white x (|l picd 3 an — k1o all (1.k L
CRIWS (o
nlet s ) ol a 3 H K] 22 1:1:d Saa =10
CWFw] TR .
white = F. dh : — 4 7 q 1l 1.0 18
LHEWY Lo ) .
Fowd = 5l pd : T — 14 : Ll Ed 13 .75 =25
(Wl (i )

“WE = blue white-Tiglls; dh pd = dark pled,
tEignificant Ailference
“%F and huk pLextiypes comblnad,

waould then have cnsured the consorvalion
of the we allele, The we allele by itsetf
produces what would probably have been
considered an unattractive blue pattern
and, Lhus, by itself would oot have jed to
ily conservation, :

Figure 2 graphically shows Lhe interac-
tiow of the three alleles al tis locns. whicl
reslls in skt genotypes. These genotypes
are shown i Table 4 wlih their corre-
spoding phenatypes. The wild-type al-
lebe wr allaws [or fufl pipmentation, whiie
each of the muatant alleles allows for in-

COLOR
PHENOTYPEf

Meceading

vz 4
t

Bilua

croasing amounls of pigment inhibition.
Pigment inhibition in cach vase s of the
spatting type; thus, this is not a case of
dilution. The waallele's inlluence by ikself
is quite litnited, whereas the W allele an
the ether hand can influgnce rather targe
areas. The weak influence of the w allele
when homozygous has only a slight offect

on most individoals (dark pied) aud a pren-

afrance il avernges aboul 79%. When this
allele iy heternzygoos with the wikd-dype
allele Cuedior 3, it bs compleloly recessive,
The W allele, on the oilier hAand, has o

S

0-:0-:&
o

2

iy

Wiywed

GENOTYPE

Figore 2. Graphic view of 1he interactlon helween e threa alleles at thin loews sond ‘cathear plgmenalion, 1'he
height nf Ihe crosghalched bacs iodicates ineveaging pobeotial for whille, while the iliagroetal pordons Indloate the

range evee whick Lhal geootype producas g varying phenotyne.

muich stronger pigient inhibition effact
when homazygouos, it exhibils complete
peretrance and produces ansll-white bird,
However, its eficcls are araund (e thresl-
old of response when it is Leternnygous
with . Dackground genes musl be in-
valved such that only about 0% of indi-
viduals heterozvgous lor Boand o show
aslight pigment reduclion (the hlue white-
flight phenolyped. When both of thess
mutant alleles are cambined in the same
Individual {Wwe?), their addilive efecly
result in the pied pattes, Here, also, the
pied patiern can vty considerably de-
rending vn background genes,

Because of reduced peostrance e sey-
aral genotype combinations [ Wit and
W™ ) it wias not abways possible o dis-
tinguish between Lhe wtjur, weifut WY
!, add e venotypos when more than
one of these werc present amony the of-
spring of a maling, thus the wi and Llue
phenatypes had to be combined L the sta-

Table 4. Genetypes, phenolypes, snd penetraaco
I Jredfuwl :

Fene-
Geno- tranoe
type Tisetudype %}
Wy YWhite
Héfagped Fled
e Dagk pierfalue 7
Wi
fila iy

w',-f_w' )




tistical analyses to cllminate possible clas-
sificatlon errors. [Lis casy 1o see how peo-
ple in the past canno bp with different oned
i gome cases cooflicling results when
working with lhese phenotypes. When one
crosses white peafowl with e “wild-
Lvpe"in & fock containing both the W and
wt atleles, there is the possibility that the
Bue “wild-type’ could in fact he any onc
of four different genotypes st Wiwe,
Wt or wadine ) Meedless o aay, the
results would be quite different in each
case and very conlusing ta the person whe
was unaware of the makoup of this locus
amd the imperfect penetrance assuciated
with its alleles. We hope this paper wlll

G2 Tha Jonrnal of Florceily 198647 D

aid I a better understandling of the work-
inga of this locus.

Pied plumage patlerus in poultry spe-
cies [Crawlord 19907 and white-spotting
or plehaldness, as it 15 called when refer.
ring to coat colors in mammals {Searle
1565, are qulle abundant. Same of Hese
phenotypes are produced by recessive
Benes and athers by dominant genes, but
very few have the same Lrpe of inheritance
af Arci fu this sludy (interaclion of twa
mulant allelcs at the same locus), Also,
mmany of these exanndes in other species
are agsociated wilh adverse pleintropic of-
fects (Searle L9687 that have nal boen seen
ta date in the pealowl,
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