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AN ANALYSTS OF THR MORPHOLOGY AND INHERITANCE
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INTRODUCTION

NMorphology Of Doubls Flowers In Genaral

Many astudlies on both the morphology snd manner of
nheritance of single snd double flowers have been publiehed.

Conoerning the morphology, the more important tma are here

ording to Ssundors {1913}, double flowers oceur as

& result of the following: . |

1. Petalody, which consists of & petalold modification of
floral parts {for the most part stamens) not ususlly
petal-like, as exempliffed in Aquilegis {columbine).

2. Augmentstion in number of pstals resulting fronm the
incresse in the total number of parts p&amﬁ; This
oceurs in ILobolls erinus {lcbella) which has & singls
calyx and & multiple amm.

3. Isolation of organs which ere ordlnsrily united.

£, Prolification immaum} mnaiahing of the formstion
of buds within the flower, & sden in Natthiola (stocks).

6. Dissection of petals and the formatlon of ocutgrowths,

Saundsrs, states that classes 1 and £ oceur more
frequently than 4o the other classes snd thet combinations
of 1 and 2 appear to ocour more frequently than sither alone.

In sgreement with Ssunders, Iattollier (1830) states that

doubling consiats in multipiltcation sand transformation of

certain perts of the flower, usslly in muitipllostion of

the petals. In tho main, Gorome (1923) agress with the

sbove writers. He states that doubles Sn the families




Rosacsas, Ranunsulaceas, Papeveraceas,; snd Malvacoae result
from the transformation of stamons into petals, while doubles
in the families Crusiferscess and Carophyllaceas are due to
repetition of petals. He mentions the following speciel
cases,

Doubles caused by tho growth of a gorolls tube within
the corolls tube, an example of which is Datura {jimeon weed).
This would appesr to be & osss of Saunders! class 2, with
tubulsr ocorolls;

poubles resnlting from the transformation of stamens
into petals within the corolla tube; such &8 is found in
Potunia and Azsles. Apperently this is #imilarly an exsmple
of Saunders! class 1; with immw corolla,

Double appearance cansed by & aa}:n colored lika the
corolils; examples of which ere found in Primauzwu, Campanulas
and Rhododendrons: Such cases coms under samru' &ﬁfmum
of case 1, departing; hewever, from the more usual condition
in that the additionsl corolla-like parts are derived from
the cam rather than the atamens,

Doubles chused by z:roiitiemﬁm; developmeont of mxm:
bracts; and the like, such as ere found fn the Composites:
This grouwp may; in psrt, £it in Saunders! class 4, whils the
Fempinder appears to constitute & distinet type:

Eyster and Burpes (1938) find that in Propasolum mejus.
{nasturtium) doudbling rosults elmost entively from the o=
11feration of the three lower, stalked petals, Praz their
desaocription this oase would spparently fit into Saunderst



slass 5.

It is well known the doublas sre freguently sterile,

_ Aosording to Ssunders (1911), thers are thres types or grades
of sterility in doublo flowars.

1.

,2?

Se

In the extrems typeo, the stamens and carpels become 80

petalofd thet, as & rule, neither pollen nor ovules are

produced, ss in Arabis (rock cress) and Cardamine (bitter
eress). Such plants sre commonly propogated by vegetative
In the second class, eithor stamsna or plstil dbecoms
modified and sexually functionless, The cerpels of the
double Petunia are sexually funotionlsss, but good pollen
is produced in lsrge quantities. In Dienthus {piuks),

on the other hand, the doudbls flowers may be deatitute of
pollen while the female orgens romasin mméz.: Carnation
and Sweet William are also axamples of this csondition.

In the remaining claes; doudbling ocours without the loss
of function in the reproductive organs of either sex, &as
Se8+ in the doudble form of Cheiranthus {wallflower),
Althaea {hollyhock)}, and many others., IXIn doudles of this
class, considerable variation in degree of doubling 4is
often to bs found, evén emong the flowers of en individual

Ietellleor {1980) also indicetos that aterility is often

associated with doudbleness, Miyske and Imai {1927
that the degres of petalody in Pharbitis {Japanese morning
glory) shows a remarksble grading, in one plent, from e



minfmus extrems of “falss singles® having quite normal stamens
to the maximom 1imit of fall double mzzta&nm no vestigs of
polien sacss Humerous. aﬁﬁi:tzm& exsnples of sterility mim

‘ m m%imﬁ‘ Sbvioualy mw.:w;y in double flowers presents
Y hanﬁzaa;x in the gonetic analysis of the mﬁu

fnkierttencs of Sin - Versus Doubls In Flowsring Plents

A sumnary. factorial mxms gn’tﬁfwm by Beatty (1857}
hap been modified and reproduced as Tadble Z. In the mgwﬁy
of species reparted in thia %abzﬁ,f doubles ars aimply:
rocoselve to-singles, In the geners Disnthus (pinks},Codetia
(godetia), Fharbitis (morning glory), end Papaver {popry),
spesisa are Imown in which doubles are domfnant to singles.
Dominent exd recessive doubles are found within the sams
apeaies in the genera Impatiens {balsams), mms,m {tobaoeo),
Higslla { fannel flower), Papaver {poppy), Pharbitis. (morning
glory), and Tropmeolun {nasturtium}). Tso palrs of factors
sppear to be responsible for the inkeritance of double versus
single in Godetis rublcunda igﬂd@ﬁu}g Impatiens belsamine
(gwm bﬂm}, Eatthlols {stooks), Nicotimna {tobasca),. )
Petunia, ?hlaa:, and probably in Aquilege wulgaris {colunbine)}
In the lest nemed, sceord ng to Lstellier {1930}, there ia =
principal factor and a reinforcing modifier. Ths preosence
of modifiers of vaprious types have been reported =lso in
- Godetia amoens {farowell-to~-spring}), Matthiola Incanna {stoocks),
Blomius tigrinoides {monkey flower), Papaver rhosss {poppy),
Papaver somiferum {oplum poppy), and Phlox drummondili (phlox).
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PECIES OF PLANTS.
BEATTY, 1957}
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COLLEGE Or WILLIAM & MARY

EBxperimentel work on the garden dalsam has beon oerried on
for a number of yasrs by Dr. Donald W, Davis of the Colloge of
®illiam and Mary snd his associates. The ipheritance of various
traits has been studied, Numorous orosses have been made and
thefr ¥, progonies have boon grown in comparetively large
numbers,. As & result, an oxtonsive set of records has heen
acouwmilated end preserved. Ths writer has perticipsted in the
axperimental work for thres sumers, giving special attention
to m problema of singlos veraus doubles., The data reported
in this papey have Doon acscured from the reoords resulting from
this cooperative enterprise, and the writer is deeply indebted
to Dr. Davis and his assoclates for their help in meking this
paper possibie,

Statement of Problem

Proliminary conclusions were reported by Devis {1932).
It has boen the writerts purpose to attempt to analyze the
guantitative data that have been sollected to date and to draw
gonatic conclusfons dased on the availsble evidence.



DATA ARD INTERPRETATIORS

Pesaription 0f Flowsr Types ©Of Qardon Balsam

The following description is largely by Pr. Davisa.

ypical single flower. The flowers are borne singly or

in sm11 groups in the Yeaf axtls, There are three sepals
and five patals arranged In a dlatorally symmstrics) mannoy.
The nppermost potel 1g Ivowm ss the stendard. ¥t has a
chapracteristic form with the midrib smd the pointed apex,
vhere these ars sxposed in the bud, tending to devalop
chlorophylil. On sach side of the standsrd are two petals
having their edjacent sdges united for sbout the proximate
cne~third of their length. These potals constitute tho wings,
The sepal on the side of the flowar opposite the standard is
more or leas colored, Ls broad and petal-like, and bears near
it base & spwr. The two lateral sepals are usually minute
and groen. They lleo opposite the junction of the two lateral
petals; ezceptionnlly, those two sepals nre lsrge, a&;mimﬂ,,
and spur boaring. The stamons are five in munber, their anthers
being united into & ring whioh olosely invests the Alatal ond
of the pistil. The ovary is oval and bears flve sessile
stignas. The satigmaz are completely covered by the anthors
until the atage of meturity of the polliem when they protrude
through the ring of anthers and expose thelir stigmatic surfaces,

Double, The parts descridbed abdbove in single flowers
sppesy in doubles with verious modifiostions. The mumber of
cycles of potals may be increased Ifrom one to two, rarely fo
three, four, five or mors. Distinotions recognizsblie among




the potals of singles, 1.¢., the standerd with 1ts peculiar
form and itz tondenoy toward development of chlorophyll in the
portion exposed in the bud, and fusion of the petals constitut-
ing the wings, are sesn also in the outormost oycle of doublesg
but the frmer cycles of potals typlcslly show no fusions op .
other bilatersl tendency. Doudles may have wholly normal
stemens and pistil and show simply an incresse in the number of
eycles of petals, an Incrsaese in degree quite characteristie of
the particular strain, The number of cyscles of stamens mey
also be Inoressed to two or more. In sach cases the pollen
saes are usually atmormal and may Boar ne normal polilen, Thia
condition usually has sssocliated with At & sm=ller or greater
degree of petaloid modification of the stamensg,

Growars of balsams have fevored full doubles and have
doudtlessly directed persistent, painstaking efforts toward
gstablishing stralins that would bresd trus to.the double type.
Noveorthelass many suppossdly pure stocks of doubles, auﬁyne&
by seedasmen, have yialded singles In our plots, These singles
may have asppoared In consequences of imperfecst elimination of
revessive fastors from fthe airains or to new mubations In them.

The normal doubles, l.8., those that result solely frem
multipiteation of whorls of petsls, are fully fertile. Doudbles.
caused by petaloid modifications of stamens and carpels show
‘a correaeponding roductlon in the amount of seed produced. ¥Full
petaloid doubles produce excesiingly few zead,

Petaloid modifigation of stamens. In certain strains one or



more of the stamens may besr potal-like enlergements. 411 of
the stamens may be highly petslold and the pollen saca vestigial
or wholly lacking. There may be found all gradations from a
normal stamen to a petal normal in size snd showling no indication
of pollen saes. The pistil slse may be involved in the tendency
t:é; develop potal.liike parts, especielly when the stemens are
axtremaly petaloid. The pistil may be simply aplit open on

. OnG aisie magﬁ.ng the ovnlse or it may be divided into = m
of seotions bsaring mm or less numerous ovules and without

any obvious stigmatic surfaces. It is clear that these parts
are derived from the gynoscium though there may be no clear
indication of the boundary between this cyole and the endroecium.
In cases of more then one oycle of atamens, all of them may b
petaloid, or the outer ones mey be petaloid and those of the ine
ner oyele nearly normal., In extreme doubles thers are meny
eyeles of potal-like parts, five to each cycle, and no rooog-
nizable distinction of sndrnecium or gynoecium except perhaps

for & fow naked ovules on the fmnermost parts, There is, then,
no ;gﬂsiacm indication as to whether certsin parts are de-
rived from a potal coyele or from androocium or gynoscium., Strains
may be found showing almost sany degres and combinatlons of the
modificetions desoribed yet sach meintaining a high degree of
sonstancy to ita particular type.

Plowers with only one oy¢is of normal petals but with
potalold stamens or other abnormalities have been designated as
petalold singles, but there is some Miﬁatiﬁn that thoss sre
genotyplically doubles.

it



Aberrant flowers. an certain plants the lowsst flowers
show & very large nmumber of cycles of petals oven when upper
Liowers of the same plands are normal singles or show only
two or three tycles of petsis, mm, there 1s not uncommonly
found one terminsl flower with very numercus cycies of petals,
often assoclisted with great raduction of pigment of the Llower
and & tendence toward the development of chlorophyil in the
petals, Thess unususl types In doth positions show also, very
commonly, an incresse in the numbor of spuwrs end e highly
peloric condition generally. Those unusasl types of flowers
st the bdottom end at the tip of the main stom are quite mme-
common in the intermediate portion and are practically never
found throughout the pleant., The tendency to form aberrant
flowsra of these two types iIs found among both single and
double =trains, more often in certaln strains than In others,
and perhaps more freguentiy in cortein seasons, They are dife
regarded in olassifying plants as dowbles.

Each true bresding straip hos ite characteristic combi-
nation of features. ~Certain strains of singles with one cycls
of potals and wholly normal stamons never show any tendency
towerds petalody. Similarily, certaln straing with ¢two oyclss
of petals show constantly wholly normal stamens snd pistils.
8till others, with almost squel constancy, shiow their pertice
nler type of modification In stamens, carpels, and petals.

Referring once mors to the types of doudling distinguished
by Seunders and others, it Is clear that certain strains of the
garden bslsam belong in Ssunders* type 1 and others type 2,




ig

while st1ll others exhibit simultanecusly these two typss of
doubling.

Double Versus Recessive Single

The dats throwing light upon the irheritance of double
vorsus recessive singls have been summarized in Table IX.
EBach line in the table represents the progeny of an P, doudble
plant self-polliinated, The ¥, doubles from le through 41
rosulted from four orosses, indiested by the srabic numbers,
of homozygous doubles pollinated by recessive singles, The
¥ doudbles from Sa through 10g resulted from six crosses of
recossive .aihgias'5mlnme& by homosygous doubles.

_%he P, pregenies in Table II resulted in fairly good 76:25
{3:1) ratios execept in very smell progenies and those of la,
b, 66, .and 10g. Ignoring these oxcsptions, the data indiocate
that the strains used in the crosses differed in a single pair
of genes with double deminant to single. The P indlvidusls
were therefore heterozygous for the factors of this ;mir.

Barring the exceptions noted above, the results found in
Pable II are explained as follawss

Py Recassive Single x Homozygous Double
a8 8s
P Double

iss



DOUBLE VERSUS RECESSIVE Ws

E

3 Ee
2393 293 swyasassevinyvy vEby)

25

#T Total

Y441

#8 Total

"’3;1%

'

#The zm:bebm orrors and O« € inclosed in pexYe;

+TB1S
56128

e
43875

.6181

based on 8.04% ratio, the others erc based on a':&u m«r;w.
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The axesptional m'ﬁgemma S5b, 6¢, and 10g much mm
nearly spproximate a ,5625,.1_«'75 : %9:’?) ratio than e 3*3& ratio.
This would indicate that enother pair of factors is agmtzng
apd that the genes of thsss two pairs are complementary.: Thess
factors may be designated as 3%, s' end 5%, s". The poasidle
genotypes in the phenotypie retlio of 917 arer

18 8" v
2388 g" "
£ st pt g" o®
4 8% g% 8% a%

£ doubles

1 8% gv a" &*

2 8% gt 8" o

1 st s* 5" 5"

2 8" st 5% &*

1 8t s* a™ 8"

In tho eorosses representod By the mumbers 5, 6, and 10

{Table 1X), the ratios 321 and 827 coourred in the P, progenies.
Suoch results are expla

o Recensive Si:m}.a X Homoszy, ous Double
staty"s” grggigh

? siogles

¥

_ Double
gm*s%"* Stat5"s”

It follows that when a double of the genotyple constitution
8*575"" op S'5'S"S" is s8lfepollineted, the ratic of the ¥,
progeny will be 3:1, But when a gonotyps heterozygous for both
pairs of factors L8 celfe-polliinated, the resulting ratio will de
937. The first £1l%a) génevantion sbove shows thot the genotypes



S1818%s™ ard S¥8?3":s® would be oxpected to occowr in equel
mmbers, thorefore, half of the ¥, rstios in croases §, &,
and 10 {Tablie YX) should have beeu $:1 and half 9:7. Thiz
expectation is realized 4in crosses § and 6, dut in croas 10
the 3:3Y ratio predominntes,

The progeny of 1a doos not spproximate satisfactorily
either & 3:1 or 917 ratio. The 5:1 vatlos in crosses 1, 2, 8,
4, 7, 8, and 9 {Table IX) are sxplicahle on the hypothesis of
complementary genes outlined above. The JI:i ratio would be
expoctod in the ¥, -of a cross with S'SIS"S™ of ofither St5ta%s"
or aia*sfg*".

“¥he evidence, then, indicetes that two pairs of factora
complementery to each other are ¥esponsible for the inheritence
of doubles and recessive singles. Teble I indicates that two
other specles exhibit.e simliler type of lnheritance. Two palrs
of factors were found to be operating in the inheritance of
double versus single in Petunla violeces {petunie} with double
Gominent %o single. Oodetis rublcands {godetia) is simtler
excopt that e modifior is alse found. -

If the above amiamﬁm of the inheritance of danm&
wersus recesalve ﬁiaga.a 1s cormect, s.t mst be possidble hn get
homozygous single streins which when crossed with each othey
w&n giva all doubles in the ¥, . In spite of sons attompts,
‘m&aﬁ ﬁ%a'ni:m !:mw not been Lsolated as yot. It im & rather
dxfﬁmt tm, for none of the rocessive singles can be dise
tmgatm from one enother phenotypically, A sultsble manmmer
of procedure is as follows? '



Choose one or mors single strains which when grossed with
doublos have given in the ¥, & 3:1 ratic or choons singlss that
pocur in the 3:1 ratio. Those will Be of the gonotyps StS'a"s”
or a¥a'8%3". Choose, aleo, mumerous singlss from o progsuy in

they appear in the retic of § doublss to 7 singles, Thege
should fnclnde 211 of the single genobypes shouwn
Make & test crass of each of tho singles from ths 97 progeny
with the singlea of genotyps S*8%aVs” or ave'S"S%, Tho test
erosses should yield in sowa ossos &1l singles (4 chances in 7)3
in soms, squel mumbers of singles end doudles {2 chences In Ti3
in other ossos, all doubles {1 ¢hence in 7). OFf tho two singles
which, shen apossel, give =1l doudbles, ont pust be of the ZEnde
type S*Ste"s”, the other s'e?3”8%, Care should, of conrse, bte
teken that solf-pollinsted ssed of thass should be avallable
for contimuing these strains after identirfestion.

ninent Single Versus Double

The deta velevant fo the inheritence of dominsnt single
veraus double sre sumnarized in Pable IIT. Buch 1ine in the
tabla represonta the progeny of an P, singla plant seif-polilinated,
axeept dn the cass of the last two itome (20, 20g) of which
axplination 18 given lster. The P aingles from 1la through
18a rosplitsd from sight crossex of homorygous dominant singles
pelitnoted by homogygoue doubles. The B, singlos 19z - 4
recalted from the reciprocsl of this cross. ¥, plants 20%eg
resulted from & cross of & boterosygous dominant single polll.
oated by & homosygous doudls. Two of the remiting doudbles




were self-poliinated and the results are shomn in the last two
1inen of PTeble IIX,.

The data 1in Tabdble IV alsc verr upon the inheritance of
ﬁamimi; single wm&a double. A recessive single pollinated
by the dominant single gave the P, singles 2la-f,

Many of the ¥, progonies in Table IIX closely epproximste
a monofactoral retio of &?5&’%' {5¢4). Such rosults avidencs
the posaibility of aﬁngie maus mmﬁ being ﬁna to a szugia
gone difference in which ﬁingze w domi: ant to double, ﬁm&
the occurrence also of the ratios .8125:.1875 {iﬁ%} and
+85941,1408 {5519} in the ¥, progenies (Tsble III) indscates
the presencs of ssveral factor pairs. %This 1s oxplsined on
the assumption of a pair of gones of which the dominant pro=
duces single,in spite of the factors for double trested in
-?the preceding section, togethar with genotypes that appear as
singles dus to recessive single factors. The dominsnt single
mey be designated P, This assumption may be somewhst clarified
by the 1ist of genotypes and amazam&ng phenotypes vgt a
5519 ratio which follows:

DD ow ow o o-

. singles

1. 4ag*E st
2 GdStgIsts"
2 ddagratg"s" - |
& dastersta”

9 Doubles -

21



TABIE III. DONIBANTY ﬁI&'ﬁIﬁ VERSUS DOUBLIE

196 3
194 ima 1} | 1008
194 {(Fote 2) |

REBES gﬁ%’éﬁ%ﬁ%ﬁ&aassﬁ%%’é&"ﬁ;m::%%%ﬁ%ﬁ@smé%sﬁs s:'

.mr Note 3
20g gﬁﬁm $§

man m mhab}.a srrors are given, the ong underscared is dased
upen the nesrest theoretical mpoﬁ:&on, Probable eryors and
deviations in perentheses are based upon 8 15:3 retio; inclosed
in brackets a 5519 raties and all others a 3:1 ratic. XNo
probable errors arc glven whon mumbers are too amell.

Note 1. Petalold singles sounted as doubles,

Note 2. Petzaloid singles counted as singles,

Note 3. P, Doubdbles gelfepollinated.
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X amvsets® )
£ ddsrersa®
31 ddgvgravst
£ dsrargha®
1 dastsytsta™

Porty-elght of the ebove singles are dus o the expression of

the dominant gens D, whils seven sre recessive singles caused

Yy the absence of une or both of the essential doubling factors,

giving & totel of 55 singles 3 9 doubles.

‘fhe results of tho crosses reproesented by the mumbers 12,14,
and 18 (Zedle TII) with the exception of 12s are explain
follows:

7 Deminsnt Single x Bononygo: sumaa
! DDS*SES" g | ads*Sr3s®

* Recesaive Singles

gingle
! DASTSISS"

e

The results found in 18a and B, and 1¥s, in which only the
ratio of 1313 is epproximated, ars explained as followse

| Dominant Single X Homogygous Double
DD3*3ta"s" or DDsta's"s" aasesIges®

! DASISIS* s or DABTsIS"SY

Singles : 8 Doudblas
The remlts of the crosses represented by the mmbers 1, 13,
end 18 (Tadle IXI), in which the ¥ progenles gave the ratios
11 and 15:8, are explained in the following mannery

b




#he retios S:1 snd mﬁs should soour 4 ,

qmndars i the ¥, progsuies of 1 mm is:a, z&,m 18, and

thess show atx negrer 3:1 and five nearer 15iS.
progentes ta cross 17 (Table mi ware calculated

| u*wmammzn wtatn strains bas given yatios that

have Beon quite pussiing as demonstreted by the results of cross

19, iﬁhWMMMMnthmwaﬂﬁa
xme rmﬁt m 1n the 15 groge

{Tsble IIX) are sxplatned as follows




{aasres™s” solfed, yields ¢ doubles : 7 singles
¥he expected ratlc of the ¥, 's above is 1 double 3 % aingl
#he observed numbers are 14 doubles : 18 singles. Five ¥
singles were self-pollinated and the approximate ratios were
es follows: ome {208) .763.25 (311)3 two {200,4) .81251.1875
{20L,8) were selif-pollinated and their progeniss approximsted
& rotio of § doubles 2 1 single, It is assumed thet the remain-

mzig, the ma‘zts found in the ¥, progeniss of Ria-f

Regessive Singls
Aastats™s® or ddaraiSVe®
{pdstsrs s} | |
mwa*a*f
The sbove ratios would be expected in equal mumbers and the




1333 ratio and tiweo (21d,e,f) that approxizated & 5519 ratic.

In concluaion, tho evidence supports the assumption that
nant single iz due to o siogle gene difforenca, desigoated
&5 D, while double ooccurs &8 & result of the oporation of twp
peivs of factors which sre complamentary to each other end which
sre exprosged phenotypically only in the absencs of D.

Change of Potaloid Singles to Doubles

Fable ¥ was preparsd to throw Iight on the change of petae
loid singles into doubles when dominant single versus doubis is
involved., The numbors In comumn one of Toble ¥V ropresent sevan
crosacs hoetwoen dominant aingle and WW double strains,

In growing ¥, plants of sach cress a few seceds were sown in the
groenhouse and trassplanted to the £ield whers they wero avsil-
able for ropested description, but the bulk of the ¥, plants from
sach ¢ross were sown In the field where they were dlscarded
immedistely after being desoribed and recorded. Though most of
these plasnta were thus deseribed only ance, the dates of desoripe
tlons wers recorded which makes it possible in varions ¥,
progonies to compare the portions desorided at difforent seasons
and et different ages.

Tho progeniss of 223,b,¢ {Pable ¥) were scored in 1036 ot
three different perfods. The first portion was seored on Septeme
w &, the second oun Sopteuwber 26, snd the final portion on
@otober 15 snd 37. The sesd had been sown on Juns 25, 1936, The
£irast of progenies 28a,b,c end 24« was gcored befom Angust 21,
1931, while the othor portion was scored from thet time until
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CHANOGE OF PETALOID SINGLES 70 DOUBLES

et

o o s

polifnated—Xingle | Touble~ i3 530 _ Doubls
22x wgmfzy 2{%}[1&_7 .am .s&m [ 6774 amst ,55&3[ 5231_57
22b cmli.ﬁﬁﬁ ; mi .mﬁ[ 6690 ~
25a .?9% %qﬁﬂ?} «2017T { .2655)
25b 0768 { emg
24a .88 {.7281 34 (.27859)
96‘ +8745 { '-’"T‘ ~ 3 .135’? icm}
25 8041 {.791) 1950 {.209)
26a 5173 {.8527) 0827 {.1473)
27 +8662 { .B365) 1338 {.1635)
28s -8518 {8796} 1082 {.1205)

a&h& ﬁrst nunbers in each spase represent ¥,

progenies scored earlyj

those inclosed im parentheses represent ¥ mgenias scored lstors
and those In brackets wers scored nsar the end of the flowaring
SAA80ON .



olose of the flowering sesson. The seod of ¥, single plante
238,b,0 were sown on Msy 9,1951, while the seed of 24s wore
sown on May 16, 1951, Piaally, the first of progenies B5x,b,
£68,27a, and £8e,b was scored befofe August 16, 1083, while the
othme porticn wag scored after that duto. The sood of the W
singles wore sown as followst 25 on April £8; £5b on May 33
£6a on Muy 203 and 27a, 28a,b on May £8 in 1953.

Exgept poasibly in the ceases of 22z and ¢, tho data
{Table ¥} indicate that the plants, when descrided lster, wave
nearer the maximue production of double flowors than at the
sarlicr datos. Regurdless of seasou, the older the plants the
higher waro the proportion of donbles,

1 derson, who participated in the balsam hroode

33 @ in some strains Invelving the
inheritancs of doubls versus recessive single fiowers, He
investigated soms ¥, progenfes that, in genersl, rosulted in a
817 ratio, but in which several irregularities occurred. Sopse
rating the phenotypaes Into portions based upon time of scoring,
it was domonstrated, without exception, that the plants svored
lator showsd u higher proportion of doubles than thoss scoved
early. Anderson hss also indicated that seasons have nothing to
4o with the chango of petaloid recessive singles to doubles.

The data at hand concernlng these strains in which the
number of doubles varies so gragtly with ege of plant, do not
permit a satlafasctory analysis of the mode of inheritance. The
effect of age of plant suggests a possible explanstion of some
other orosses,not se fully recorded, where ratios were difficult
ar fupossible to int v The date presented in Table V are




eited as sarples of such recorde not deemsd worthy of incorpor-
ation hero fn fll, but it is important to recognize the o0ce
ecurrence of such @ms net obviousiy fitting the analysis here
given. These strains need to be investigated more extensively
and their progeniss described st frequent intervals in order to
a:xﬁanﬁ; confirm, or refute the present concluafons.
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COBCLUSIONS )

1. Doudbls flowsrs in the garden bhalsam ocour most fre-~
guently as & result of potalody, or of muibiplication 4n number
of potsls, or as & vemlt of combinstions of both;i thus, exempif-
fying the most frequent type of morphologionl origin.

2, Doubles in the gerdsm belssn resulting from petalody
ave more or less sterile, while the normel doubles a:aa fully

S. The inheritance of double versus rocessive single in
the garden balsam Lnvolves two palrs of somplementary factors,
designated sa 8'%-3"-. ¥The recesalve gs of sither or both of

4. fhe evidence supports the assumption that dominent
single Iin the garden balsenm 1s due to a single gene difference,
designeted as D4, while double results from the sxpression of
two dominant peirs of complementsyy faotors in the abaence of D,

5. Tho evidence indlcetes that in some atrains of the
gorden balssm, petaloid singles chengs to doubles as the plants
bocome older, vhen either dominant single or rocessive single
is involved. Apparently seasons have nothing to do with tm-et.

6. Thore s a need to 1aolate certalin strains of the
gerdon balsam in order
cerning the m&m of single versus dovble; prrticularly
to isolate and fdentify the rocessive single strains 4dsrSts™a®
and ddsts?'S"s" which when crossed will give all doubles.

these pairs of genes pro

to gonfirm the pregent conclusions cone
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