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ABSTRACT

Two populations of Cucurbita were studied for the 
inheritance of corolla pigments. Flowers from them were 
collected--classified as orange, yellow, or cream--and 
analyzed for total carotenoid pigments.

In most cases, chemical analysis for total pigments 
agreed with observed color designations. The ? 2  and back- 
cross results fitted the expected 1:2:1 and 1:1 segregations, 
respectively, found in the F 2  and backcross generations of 
a character controlled by one gene pair. However, there 
were indications, variation within the yellow and cream 
groups, that more color divisions could be made and more . 
genes could be involved.
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INTRODUCTION

The only known white flowered species of the genus 
Cucurb it a is C. , okeechobeensis Bailey. Whitaker and B etuis 
(1975) have, placed this species into the C . lundelliana 
group, based on results from interspecific crosses. All 
other Cucurbita species have colored flowers.

A volunteer plant from the C . lundelliana group with 
white flowers was found and crossed with C. moschata Duch 
ex. Lam. The plants produced from this cross were available 
for further crosses.

There is a lack of data specifically dealing with the 
pigments in the flowers of Cucurbjta. These crosses and 
their resultant color variation provided an excellent oppor
tunity for a study of the pigments and their inheritance 
patterns. While the number of known carotenoids and the 
complexity of their separation precludes identification here, 
an attempt has been made to show the probable makeup of the 
total carotenoidsas well as to measure the differences in 
concentration.
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MATERIALS AND METHODS

A white flowered plant of the Cucurbita lundelliana 
complex was used as the staminate parent of the original 
cross. The pistillate parent was Cucurbita moschata cv. 
'Butternut'. The generation was grown out and selfed. '
A backcross to the C . moschata parent was also made. The 
fruit were harvested and stored at room temperature for four 
to six weeks before seed extraction. Extracted seed was 
washed with water and dried before storage.

Eleven beds of 16 seeds each were planted in a green
house .at the University of Arizona Campbell Avenue Farm, 
Tucson, Arizona, on March 16, 1976; seven were of the F 2  

generation; one was of the C . moschata parent; and three 
were of the backcross to C. moschata. Germination and early 
growth were slow, probably because of cool temperatures and 
low light intensity. . Therefore, a replanting was made on 
April 15. Irrigations were spaced at seven to ten day 
intervals, and a complete fertilizer was used periodically. 
Cygon and malathion were sprayed on the plants twice weekly 
to control whiteflies. Some minor spray damage was noted.

First bloom was May 18 and the number of flowers 
opening each day generally increased until early July.

2
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Beginning on June 1, flowers were gathered almost every day. 
They were placed immediately into plastic bags and covered 
as much as possible between operations. The corollas were 
removed, wiped clean of pollen, placed into small jars, and 
frozen within an hour of picking. When 10-15 flowers from 
a plant had accumulated, they were freeze dried and ground 
through a 20-mesh screen. Samples were frozen until pigment 
analysis could be made.

Two aliquots of one-tenth gram each of the freeze 
dried material were taken from each plant. These were 
mixed with 50 ml of 75 percent methanol. This mixture was 
allowed to sit for one hour. Then it was filtered and the 
chlorophyll containing liquid was discarded.

The dry sample was filtered with 50 ml of acetone 
and then with 50 ml of a 1:1 acetone:hexane mixture. Acetone 
was used to wash any visible color from the filter paper 
into the filtrate.

The filtrate was transferred to a separatory funnel 
and washed with two 50 ml portions of water. The remaining 
liquid was evaporated using a Busch rotavapor. Five ml of 
methanol was added and also evaporated.

The sample was dried in a dessicator, under vacuum, 
for two hours. It was then redissolved in hexane and brought 
to a volume of 100 m l .



Optical density was taken, using a Beckman DK-2A 
recording spectrophotometer. The two samples from each 
plant were recorded separately as replications X and II. 
Two beta-carotene peaks, at 449 nm and 476 nm, were re
corded.



, V  LITERATURE REVIEW 

The Genus Cucurbita

Evidence indicates that the genus Cucurbita, which 
is indigenous to the Americas, has evolved in relatively 
recent times (Whitaker' and Bemis 1975). However, it has 
been extensively studied because of its tremendous variation. 
The structure of the plants generally lends itself to genetic 
study. They are annual or perennial, usually monoecious, 
and large-flowered. The inflorescence is simple, each node 
producing a single flower..

Bailey (1943) describes the genus as having"yellow 
or yellowish" flowers with stigmas of "three two-lobed parts" 
and the ovary "conspicuously inferior, constricted at the 
top." However, there are many variations of this descrip
tion. Bailey (1943) also points out that the flowers of G . 
okeechobeensis are "white to cream colored." This species . 
is found only in a limited area of Florida. It is now al
most extinct because of land development in its native habi
tat (Bemis 1976).

The flowers of C . lundelliana Bailey, a species 
indigenous to Guatemala, southeastern Mexico, and British 
Honduras, are "orange-yellow with green ribs" (Bailey 1943).
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Whitaker (1956) finds that this species, when crossed with 
C . moschata, produces 42 percent normal pollen. He theorizes 
that it is the bridge between the cultivated and wild species 
because of its fertility with both groups.

However, more recent evidence studied by Whitaker and 
Bemis (1975) indicates that C . moschata is more likely the 
bridge between species. They cite its two centers of diver
sification in North America and South America, and its , 
"broad genetic comparability" with other species of 
Cucurbita.

Carotenpid Extraction and Measurement
Jungalwala and Cama (1962) soaked flower parts of 

Delonix regia in ethanol for two days. They were then 
blended with ethanol, acetone, and light petroleum. They 
were washed with water until free of acetone and ethanol.
The liquid was dried over anhydrous Na^SO^, filtered, and 
concentrated at reduced pressure. ! A saponification process 
was used to remove chlorophyll. Booth (1957) extracted pig
ments from red and yellow corollas of Narcissus using - light 
petroleum and acetone in quinol. The acetone was washed out 
with water and the remaining solution was chromatographed 
on aluminum oxide and sodium sulphate. The carotene was 
measured by spectrophotometer. An extinction coefficient of 
2550 was used for beta-carotene at 450 nm. Total carotenoids 
were measured in the same manner. Booth (1957, p. 660)
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states, "Although carotenoids other than carotene mostly
have lower E values and are thereby underestimated, this is
unimportant in present application.”

Laferriere and Gabelman (1968) extracted pigments
from Daucus carota L. by grinding in acetone and Skellysolve
B until the carrot material was colorless. The solutions
were brought to volume and total pigment was measured at a
wave length of 450 nm. ,

Carotenoids in Plant Material 
Goodwin (1965) describes carotenoids in flowers as 

being characterized by:
1. Highly oxidized xanthophylls, especially the 5,8 

epoxides, such as auroxanthins, flavoxanthin.
2. Species specific pigments.
3. Occasionally by the presence of comparatively large 

amounts of carotenes.

He says that yellow flowers have mainly xanthophylls and only 
"traces" of carotenes, while orange flowers often contain 
large amounts of beta-carotene. Colorless polyenes are also 
common. Jungalwala and Cama (1962) found the following 
percentages of total carotenoids in Delonix regia flowers. 

beta-carotene , 34.05
alpha-carotene 11.21
phytoene 7.66



prolycopene 
lycopene 
phytofluene 
neolycopene 

' sigma-carotene 
zeta-carotene 
unidentified

Laferriere and Gabelman (1968) showed a close relationship 
between color and carotenoids (total, alpha, and beta) in 
carrot roots. Yellow flowers of one variety of Narcissus 
contained about 0.87 mg/g of total carotenoids and 0.013 
mg/g of beta carotene; while those of another contained 
0.22 mg/g of carotenoids and 0.004 mg/g of beta-carotene 
(Booth 1957).

Inheritance of Plant Pigments 
; Paris, Haney and Wilson (1960) list six genes which 

are frequently involved in flower color inheritance:
W gives color; ww gives white.
Iv gives non-ivory; iviv gives ivory.
Y gives non-yellow; yy gives yellow.
B gives purple, magenta, or violet; bb gives blues. 
P gives purple, magenta, or violet; pp gives pinks, 

roses, or feds.
Dil gives intense colors; dildil dilutes them.

4.61
4.27
2.48 
2.07 
1.65
1.49 
.88



The diInter (Dil) is the most common factor found in their 
investigation.. In cases of reversed dominance, it can be
come an intensifier. Pigment production is usually con
trolled by an enzyme which is controlled by a gene. If all ' 
pigment production is suppressed, the flower will be white. 
The epistatic action of the W gene inhibits production of 
anthocyanin precursor. Therefore, if the only potential pig
ment is anthocyanin, the flower Will be white. A potential 
flavone will result in an ivory or cream colored flower; 
while an anthoxanthin or carotenoid will produce yellow.
A strong dilution can make these almost white.

Yellow may be produced by flavones, anthoxanthins, 
aurones, or carotenoids (Paris et al. 1960).

Clausen and Hiesey (1958), working with Potantilla 
gjandulosa, developed theories about the inheritance of white 
and yellow pigments. They named two genes: the recessive Y, . 
yellow; and the dominant W, cream or white. In their cross . 
of a white flowered plant with a cream one, the was 
white and the segregated 3 white to 1 cream. The white 
was assumed to be W^W^W2^27171^2^2 wtihe the cream was 
assigned W^W^W 2 W 2 y-̂ y-̂ Y2 Y 2 . Therefore, the F^ was 
W^W^W 2 W 2 y^y 2_Y2 Y 2 . In. their second cross, the white cultiver 
'Timberline' was crossed with the deep yellow one 'Oak 
Grove'. The F^ was cream. The F 2  was classified into white, 
cream-white, cream, cream-yellow, deep yellow, light or



lemon yellow, and pale yellow. The action of 
gene, B, was also noted.



RESULTS AND DISCUSSION

Although 112 # 2  seeds, 48 backcross seeds, and 16 
parental C. moschata seeds were planted, only 75 seeds,
18 backcross seeds, and 13 C. moschata seeds germinated. , 
Sixteen of the plants died, as did two of the backcross 
and three of the C . moschata. Most of. the Ones which died 
were apparently afflicted with a virus-like genetic syndrome 
which caused stunted, compact growth, chlorosis, and early 
senescence. Environmental conditions, especially stress from 
low water availability and heavy pesticide applications, may 
have contributed to the death of some plants.

It will be noted that there is a large discrepancy 
between the number of plants which actually germinated and 
those which were used in the research. This is because a 
surprising number of plants produced no flowers in the ex
perimental period. Again, it is not evident whether this is 
due to environmental conditions or genetics.

All flowers produced were of the usual five-petaled 
cucurbit type. They were green ribbed and hypogynous. The 
staminate flowers had one yellow stamen covered with 
yellowish-orange pollen, while the pistillate flowers had 
three two-lobed stigmas which varied in color.

11
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? 2  Flowers

Plants of the F 2  population germinated faster than 
those of the haekefoss to the C . moschata and produced 
flowers earlier. A total of 23 plants produced enough 
flowers for color identification. Flowers- ranged in size 
from a diameter approximately 9.0 to 10.0 cm. The corolla 
colors were cream, yellow, and orange. At least two flowers 
had no visible pollen and were, therefore, apparently 
sterile. These seemed to be environmentally caused as the 
two plants involved produced other normal staminate flowers 
and both of these sterile flowers were produced on the same 
day. Three of the F 2  plants (13.04 percent) had the wide 
leaf-like sepals often found on C . lundelliana plants 
(Bailey 1943), while only one had the lobed sepals character
istic of C . moschata. It was interesting that there was one 
plant with leaf-like sepals in each of the color designa
tions : a preliminary indication of a lack of linkage between 
the genes affecting these two characters. The majority of 
the flowers had straight sepals, only slightly flared at 
the tips

Only six of the F£ plants produced pistillate flowers 
in the time allowed for this study. This was probably due 
to light intensity and high temperatures during much of the 
period of flower production. Ovary measurements and stigma 
colors are given in Table 1. Color designations are based on 
the C . moschata parent which has an orange stigma.
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Table 1, Ovary measurements and stigma colors.

Plant
Number Ovary

Diameter 
at Widest 
Point

Diameter 
at Narrow
est Point

Stigma ; 
Color

012 2.5 cm 1.3 0.5 unidentified
016 2.6 0.8 , 0.4 light orange
D3 1.8 0.9 0.4 yellow
D9 2.5 0.8 0,5 light Orange
D14 2.5 1.8 0.9 light orange
K3 4.8 1.8 0.6 yellow

The fruit and ovary shapes within this genus are per
haps one of its most interesting features. These plants were 
no exception, showing a wide variation even in the small 
number of pistillate flowers which were produced. The 
ovaries of plant C12 were shaped like the typical butternut 
squash. This is a long-necked gourd with a wide, rounded 
blossom end. Plant 016 was similar although the neck was 
thinner and longer in relation to the wider end. A short, 
oblong shape, D3 was pointed at both ends. The neck area 
of D9 was a short portion of its total length, but it was 
otherwise very much like 016. Another butternut shape, D14 
had the shortest neck of any of these specimens. The
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largest ovary, that of K3, was also the most unique of the 
group. It was oblong like D3 and pointed at the ends, but 
its large size made it more odd-looking. If this plant 
would produce a staminate flower and a pistillate flower on 
the same day, it could be selfed. It would be quite inter
esting to study the segregations in the F^, especially since 
this is. also a white flowered plant.

Corolla color classification was difficult because 
of the small variations in yellow and orange shades. Al
though Clausen and Hiesey (1958) divided their flowers 
into seven colors, only three have been used here. The C . 
moschata parent was classified as orange and other flowers 
which appeared to be the same color were also called 
orange. This orange is comparable to color 7K on Plate 
9 in Maerz and Paul (1950, p. 16). Any flowers which were 
lighter than those, but not white or cream-colored, were put 
into the yellow group, which is like color 6L from Plate 9 
in Maerz and Paul (1950, p. 16). The cream were clearly 
different and easy to identify. However, as chemical results 
presented later indicate, there may be a difference within 
that classification.

If corolla color is assumed to be caused by one gene 
pair, there will be one homozygous dominant to two heterozy
gous to one homozygous recessive in the P^ generation. If 
dominance were complete, the heterozygous phenotype would be
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the same as that of the homozygous dominant. Since there 
are at least three.distinct colors in this F 2 , this is a 
case of incomplete dominance. Although no plants were 
included in this study,’ Bemis (1976) reports that the F^ 
corolla colors were all orange-yellow, with no cream-colored 
flowers present. This reinforces the F^ results that indi
cate that the orange from the C, moschata is the dominant 
color. The F 2  produced five orange, 12 yellow, and six 
cream flowered plants. If these are fitted to the expected 
1:2:1 ratio, a Chi square value of .167 (p — .90 - .95) is 
obtained. This indicates that the data do fit this ratio.

Backcross Flowers
Backcross plants were very slow in germination, 

many taking as much as four to six weeks. This was probably 
due to low temperatures and lack of sunlight reaching the 
beds early in the season. In one of three beds no plants 
germinated. The seeds planted in this bed were all ex
tracted from one gourd. They looked very much like those 
from the other backcross fruit. It is not evident from the 
present information whether the lack of germination was due 
to injury during extraction, environmental conditions, or 
genetic problems.

The plants which did germinate and grow were quite 
vigorous, having large leaves and flowers. Flowers were 
about 10.5-14.5 cm in diameter. They were all orange or



yellow. None of the plants produced flowers with-leaf-like 
stamens, but four (26.67 percent) had the lobed stamens.

No pistillate flowers were produced. This was 
probably because the baekeross plants did not start produc
ing flowers until the time when environmental conditions 
encouraged development of staminate flowers.

Classification of corolla colors was more difficult 
in the baekeross population. There was little obvious vaiia 
tion in the flower colors; almost all of them appeared quite 
close to the orange of the C . moschata.

Again, it is being assumed that corolla color is 
dependent on one gene pair. Therefore, the baekeross would 
be a cross Of a homozygous dominant individual and a hetero
zygous individual and would result in a segregation of one 
homozygous dominant to one heterozygous plant. Eight of 
the baekeross plants were classified as having orange 
corollas and eight as having yellow ones. This is, of 
course, a perfect fit to the expected 1:1 segregation.

C . Moschata Parent Flowers

All of the 12 C . moschata had flowers with orange 
corollas and lobed sepals. The staminate flowers were about 
11 cm in diameter, pistillate being 1-2 cm larger. Three 
pistillate flowers were produced, all having the basic 
'Butternut' ovary shape, but with some variation. All 
stigmas were orange.
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Chemical Analysis of Pigments 

The spectrophotometer used in this study recorded 
peaks for beta-carotene at 449 nm and 476 nm. Goodwin (1965) 
gives beta-carotene peaks at 451 and 482. Therefore, the 
peaks recorded for the corolla pigment were corrected by 
adding two to the lower peak and six to the higher peak.
All samples showed peaks well below 451 and 482. This indi
cates that the samples are not pure beta carotene. Other 
carotenoids possibly present are lutein (447 and 477) and 
zeaxanthin (451 and 483; see Philip 1976).

However, since beta-carotene is apparently the main 
pigment involved, and others are present in relatively small 
amounts, the pigment was measured using a beta-carotene 
standard. Booth (1957) used this same method in measuring
pigments in flowers of Narcissus. Goodwin (1965) gives an 
17E'lJm for beta-carotene at 451 nm, of 2505. No E values were 

available for the 482 peak so it was not used in the quanti
tative results. The E value is also one optical density 
(OD). One OD is the 100 value on the chart used in the 
spectrophotometer. The peaks were measured as a percentage 
of 100. All results were multiplied by ten since the 
standards are based on one gram and only one-tenth gram was 
used.
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Chemical Analysis of Corollas 

Fewer plants were used in the chemical analysis then 
in the physical observations, since a larger sample.was 
needed for analysis. Some plants did hot produce enough 
flowers for this process.

Corollas from 15 plants were analyzed. Eight of 
these were from flowers classified as yellow, font were 
orange, and three were white (see Appendix A).

Total carotenoids in the yellow corollas ranged from 
0.52 to 1.92 mg/g in Replicate I and from 0.52 to 2.08 mg/g 
in Replicate II. Booth (1957), using a similar method with 
fresh weight of corollas from Narcissus> found total carote- 
noid content of 0.15 to 0.9 mg/g in orange or deep yellow 
corollas. The exact dry weight percentages for these plants 
are not given, but he states that they ranged from 11.8-16.5 
percent with an average of 13.9 percent. This would give 
total carotenoid counts in the dry matter similar to the 
ones found in this study.

The replicates differ very little in their mean 
values, Replicate I being 1.25 mg/g and Replicate II, 1.28 
mg/g. The first replicate, however, has a standard devia
tion of only 0.45 and a coefficient of variation of 36.00 
percent while the standard deviation of the second is 0.50 
and the coefficient of variation is 39.06 percent (Table 2). 
The corollas of the plant with the lowest total, 0.52 mg/g



Table 2. Statistical analysis of generation total 
carotenoid analysis.

Color Statistic . Replicate I Replicate II

yellow X* 1.25 mg/g . 1,28 mg/g
0.45 ' 0.30

cv*** 36.00 % 39.06 %

orange X 1.69 mg/g 1.66 mg/g
a 0.20 0.24
CV 11.83 % 14.46 %

cream 0.44 mg/g 0.40 mg/g
a 0.20 0.22
CV 45.45 % 55.00 %

* X = mean.
** o = standard deviation.

= coefficient of variation.
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in both replicates, were perhaps slightly lighter than the 
others, but it would have been difficult to discern without 
the quantitative measurements as a backup method. However, 
it is difficult to decide from these results how these eight 
plants could be divided into more groups.

If the highest, A4, and the lowest, B14, are removed 
from the results, the coefficients of variation for Repli
cates I and II drop to 22.91 percent and 25.69 percent, 
respectively. It does seem, however, that if a division of 
the color groups is to be made, the yellow group should be 
further divided.

Orange F 2  plants form a more cohesive group. In 
visual observation, they seem to be easier to identify than 
are the yellow ones. It is more likely that an orange 
corolla would be placed into the yellow group than a yellow 
one being placed into the orange group. Of course, the 
smaller sample in the orange group could also contribute to 
less Variation within it.. The range of total carotenoids 
in Replicate I is 1.48 to 1.88 mg/g, and in Replicate II is 
1.44 to 1.92 mg/g. This gives means for the two replica
tions of 1.69 and 1.66 mg/g and standard deviations of 0.20 
and 0.24. The coefficients of variation are much smaller 
than in the yellow group, being 11.83 percent for Replicate 
I and 14.46 percent for Replicate II. There are no results



.21
within this group which seem to suggest that a sample is in 
the incorrect group.

Although the ¥  ̂ cream-colored group has only three 
samples, it has a great deal of variation. This is due to 
one sample Which has an exceptionally low total amount of 
carotenoids. In Replicate 1, two plants had values of 0.64 
and 0.44 mg/g, while plant D7 had 0.24 mg/g, In the second 
replicate, however, two plants had 0.50 and 0.44 mg/g, and 
D7 had only 0.16. Because of the particular nature of this 
chemical extraction process, the difference between the two 
replicates is probably due to experimental error. However, 
either value is still exceptionally low. When all three 
samples are included, Replicate I has a mean of 0.44 mg/g,. 
a standard deviation of 0.20 and a coefficient of variation 
of 45.45 percent. Replicate II has a mean of 0.40 mg/g, 
a standard deviation of 0.22 and a coefficient of variation 
of 55.00 percent. If D7 is removed, Replicate I has a co
efficient of variation of 26.2 percent and that of Replicate 
II is 21.8 percent.

This tends to indicate that there may be a need for 
division within the cream group, but the low number of 
samples involved is not enough for a definite conclusion.

When the mean total carotenoid results are 
analyzed using the Student Newman Kuel test for mean separa
tion at the five percent level, some divisions emerge. None
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of the plants except the three white ones and the yellow 
B14 are significantly different from each other. The white 
plant, A12, is not significantly different from six yellow 
plants and three orange ones. Seven yellow plants, three 
orange ones, and two white ones are not significantly dif
ferent. Plant D7 is not significantly different from the 
other white plants or from four yellow plants.

Chemical Analysis of Backcross Corollas 
Again there were less plants involved in this analy- 

sis than in the physical observations. Thirteen backcross 
plants were analyzed, seven of which had orange corollas and 
six of which had yellow ones (see Appendix B).

Total carotenoids in the yellow corollas ranged from 
a low of 1.32 mg/g to a high of 1.56 mg/g in both replica
tions. The mean in Replicate I was 1.43 mg/g and that of 
Replicate II was 1.45 mg/g. Standard deviations were 0.09 
and 0.10 for the two replicates, and coefficients of varia
tion were 6.29 percent and 6.90 percent. These are a great

- ■ ■ V  .. . - ' . '■ ' .improvement over the yellow flowers of the generation.
This information may be used to narrow the range of corollas
which are classified as yellow.

The total carotenoids in the orange flowers varied
more than those of the yellow. In Replicate I , totals ranged
from 1.48 to 3.07 mg/g, while in Replicate II they were from
1.56 to 2.63 mg/g. The mean and standard deviation for the
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first replicate were 2.18 mg/g and 0.51, respectively, and 
those of the second were 2.14 mg/g and 0.38 (see Table 3) .
The coefficients of variation were 23.39 percent for Repli
cate I and 17.76 percent for Replicate II. It is interest
ing that these vary more than do the results from the Orange 
flowers in the generation. Plant 115 is the one which 
seems most likely to be in the wrong group. If it is re
moved, the coefficients of variation become 19.48 percent 
and 14.10 percent. If it is added to the yellow group, the 
coefficient of variation for that Replicate I becomes 6.0 
percent and Replicate II does not change. This certainly 
seems to indicate that plant 115 was classified incorrectly 
as an orange flowered plant.

Chemical Analysis of C. Moschata Corollas 
Corollas from four plants of the C . moschata parent 

were analyzed. Total carotenoids in them ranged from 1.84 
to 2.75 mg/g in Replicate I and from 1.84 to 2.67 mg/g in 
Replicate II. The means for the two replicates were 2.34 
and 2.26 mg/g and the standard deviations were 0.40 and 0.37 
(see Table 4). The coefficients of variation were 17.13 per
cent and 16.18 percent. Since all these plants are assumed 
to have the same genotype, this would seem to indicate that 
a coefficient of variation of this size is acceptable (Appen
dix C) . For comparison, corollas from plants, of two other 
species of Cucurbita were analyzed. Those of C . digitata
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Table 3. Statistical analysis of backcross generation total 

carotenoid analysis.

Color Statistic Replicate I Replicate II

yellow X*
-o**

cv***

orange X
; . o

. CV

1.43 mg/g 
0.09 
6.29 %

2.18 mg/g
0.51 

23.39 %

1.45 mg/g 
0.09 
6.90 %

2.14 mg/g 
0.38 

' 17.76 %

* X = mean.
** o = standard deviation.

*** CV = coefficient of variation.

Table 4. Statistical analysis of C . moschata total
carotenoid analysis.

Color Statistic Replicate I Replicate II

orange X* 2.34 mg/g 2.26 mg/g
o** 0.40 0.37
cv*** 17.13 7= 16.18 7=

* X = mean.
** a = standard deviation.

*** CV = coefficient of variation.
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Gray had 1.84 and 1.76 mg/g of total carotenoids in the two 
replicates. Total carotenoids in the corollas of C. 
foetidjssima HBK were 1.64 and 1.12 mg/g. Based on the 
other three results from these wild species, it is most 
likely that the results of th'e second replicate of C. 
foetidissima are low because of experimental error. The 
most outstanding difference between these two wild species 
and the experimental plants is the high chlorophyll in the 
corollas of the wild species.



CONCLUSIONS

If the gene controlling color is designated Cr, the 
homozygous recessive being cream, the heterozygous being 
yellow, and the homozygous dominant being orange, the in
heritance of corolla color is easily explained. The fit of 
the results to expected ratios is quite, good. However, .
the large variations in total carotenoids within most of the 
color groups seem to indicate a need for more divisions. In 
addition, evidence from studies of color inheritance in 
other species shows that it usually involves a more compli
cated system.

If the chemical analysis results are used for divi
sion of the samples, five coldrs can be identified: white, 
with total carotenoids of less than 0.40 mg/g of dry tissue; 
cream, with total carotenoids of 0.40-0.60 mg/g; light 
yellow, with total carotenoids of 0.60-1.00 mg/g; yellow, 
with total carotenoids of 1.00-1.80 mg/g; and orange, with 
total carotenoids of more than 1.80 mg/g of dry tissue.
These solve some of the problems with classification of 
samples. For ins tance, plant D7, which had a total carotenoid 
count lower than that of the other cream colored flowers, is 
now classified into the white class. Using this system, 
there are one white flower, two cream, three light yellow,

26
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six yellow, and three orange. It can be hypothesized that 
inheritance of these colors is based on two genes. One, Cr, 
•is white in the homozygous recessive form, yellow in the 
heterozygous state, and orange in the homozygous dominant 
form. The other, B, is a bleaching gene. In the dominant 
homozygote, it lightens a color by one shade. It has no 
effect when heterozygous or homozygous recessive (Figure 1). 
If the original white parent were crcrBB and the orange C. 
moschata were CrCrbb, the would be CrcrBb. This agrees 
with observed results of that generation. The F^ would have 
the following expected segregations and colors:

1 crcrBB white
2 crcrBb cream
2 CrcrBB light yellow 
4 CrcrBb yellow 
2 Crcrbb yellow
1 CrCrBB yellow
2 CrCrBb orange 
1 CrCrbb orange 
1 crcrbb cream

This gives a total of one white, three cream, two light 
yellow, seven yellow, and three orange corollas. If these 
are adjusted for the difference in number, and the Chi square 
value is calculated, it has a p of .90.
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Parents: C . mbschata CrCrbb 
complex crcrBB

x C. lundelliana

. Fv CrcrBb
(yellow)

f 2 : CrB Crb crB . • crb ....
CrB CrCrBB

yellow
CrCrBb
orange

CrcrBB
light
yellow

CrcrBb
yellow

Crb CrCrBb
orange

CrCrbb
orange

CrcrBb
yellow

Crcrbb
yellow

crB CrcrBB
light
yellow

CrcrBb
yellow

crcrBB
white

crcrBb
cream

crb CrcrBb
yellow

' Crcrbb 
yellow

crcrBb
cream

crcrbb
cream

Backcross: G . mos chat a CrCrbb x F-̂ CrcrBb
CrB Crb crB crb

Crb CrCrBb
orange

CrCrbb
orange

CrcrBb
yellow

Crcrbb
yellow

Figure 1. Proposed inheritance system for corolla color.
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The backcross to the C. moschata parent is CrcrBb x 

CrCrbb. It results in a ratio of two yellow plants, CrcrBb 
and Crcrbb, to two orange plants, CrCrBb and CrCrbb. The 
actual results, based on total carbtenoids, were eight yellow 
and five orange plants. These results give a Chi square 
which has a p of .46, This, like the Chi square for the 
results is a good fit to the expected ratios.

It should be noted that, due to the number of sam
ples analyzed in this study, any results are only preliminary
and more testing is necessary to insure valid, definitive 

' / conclusions. Further study to identify the specific pig
ments involved in production of the colors would also help 
in identifying the methods of inheritance.



APPENDIX A

TOTAL AND MEAN CAROTENOIDS IN GENERATION,
INCLUDING DESIGNATED COLORS*

Plant Replicate 
No. I

Replicate
ObservKion

Color by
Pigment
Analysis

A4 1.92 2.08 2.00 yellow orange
C12 1.88 1.92 1.90 orange orange
C14 1.84 1.80 1.82 orange orange
C16 1.64 1.60 1.62 yellow yellow
A8 1.56 1.44 1.50 orange yellow
E9 1.44 1,56 1.50 yellow yellow
D5 1.48 1.48 1.48 orange yellow
D3 1.40 1.44 1.42 yellow yellow
D9 1.24 1.31 1.28 yellow yellow
B2 1.04 0.96 1.00 yellow light

yellow
D14 . 0.84 0.80 0.82 yellow light

yellow
A12 0.64 0.60 0.62 cream light

yellow
B14 0.52 0.52 0.52 yellow cream
D6 0.44 0.44 0.44 cream cream
D7 0.24 . 0.16 0.20 cream white
* rag/g of dry matter.



APPENDIX B

TOTAL AND MEAN CAROTENOIDS IN BACKCROSS GENERATION,
INOLODlNG DESIGNATED COLORS*

Plant Replicate 
No. I

Replicate
II

Color by
Pigment
Analysis

H10 3.07 2.63 2.85 orange orange
16 2.52 2.55 2.54 orange orange
19 2.20 2.20 2.20 orange orange
Hi 2.16 2.20 2.18 orange orange
113 2.04 2.04 2.04 orange orange
H2 1.80 1.80 1.80 orange yellow
112 1.56 1.56 1.56 yellow yellow
115 1.48 1.56 1.52 orange yellow
15 1.52 1.48 1.50 yellow yellow
14 1.36 1.56 1,46 yellow yellow
12 1.44 1.44 1.44 yellow yellow
H16 1.40 1.32 1.36 yellow yellow
11 1.32 1.36 1.34 yellow yellow

* Caroteneids in mg/g of dry matter.
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APPENDIX C

TOTAL AND MEAN CAROTENOIDS IN C. MOSCHATA, .
INCLUDING DESIGNATED COLORS*

Plant 
No.

Replicate
I

Replicate
II

Color by
Pigment
Analysis

F13 2.75 2.67 2.71 orange orange
F10 2. 55 2.43 2.49 orange orange
FI 6 2.20 2.16 2.18 orange orange
F6 1.84 1.84 1.84 orange orange

* Carotenoids in mg/g of dry matter.
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