
Ed's Note: Botanical names can
include the terms forma (f.) and vari-
etas (var.) which indicate slightly dif-
fering degrees of variation within wild
species. To be consistent with the sci-
entific article being cited, f. is used here
although var. is the more common
ranking given for these plants, e.g.
Hemerocallis fulva var. rosea.

How do daylilies make all the col-
ors found in their flowers?  There
can be many different types of pig-
ments in an individual flower. The
most common pigments in flowers
are flavonoids (primarily red and
purple) and carotenoids (primarily
yellow).  Daylily flowers can also
contain a less common yellow
naphthalene glycoside pigment
named stelladerol and the green
chlorophyll pigments which are also
present in green leaves.  All of these
types of pigments can be present in
the same daylily flower. To better
understand the inheritance of
flower color, we need to examine
how a plant produces its flower pig-
ments. 

Pigment Assembly Lines
Plants make the pigments in their flowers using methods resembling

factory assembly lines. These are called biosynthetic pathways.  Figure
1 shows the pathway specific for producing the flavonoid pigments
found in daylilies.  Figure 2 shows the pathway specific for carotenoid
pigments.

Structural Genes – The Workers
The genes involved in these pathways are called structural genes

because they determine the chemical structures of the enzymes which
work on the pigments. We can think of an enzyme as being like a work-
er on an assembly line. A piece (a chemical compound which is an
enzyme’s substrate and which will be modified by the enzyme) arrives
at a worker (enzyme). It is then changed in some way by the worker
(enzyme). Then it is passed on to the next worker (enzyme) on the

assembly line. Each pathway produces end chemical compounds
which are the predominant pigments present in the flowers. In the
pathway a change in the chemical structure of the pigment may result
in a change in its color. When the pathway is working normally, only
small amounts of the intermediate compounds remain as most are
changed, step-by-step (enzyme by enzyme), into the final pigment.

Mutations Affect the Pathway
Mutations can occur in any of the genes of the pathway. When the

mutation is so severe that it causes the enzyme not to work at all (a
null mutation or knock-out mutation) or to not be produced at all, the
pathway typically will be blocked at that enzyme.  The enzyme’s sub-
strate will build up to higher-than-normal concentrations. The final
product will not be made, and the color of the flower will depend on
the color of the intermediate compound which builds up.  There are
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Figure 1. The flavonoid pathway

Pigment compounds are separated by arrows. The abbreviations in capitals represent the enzymes and
the structural genes coding for those enzymes. The color of the pigment is illustrated.
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also conditions under which the intermediate compound does not
accumulate permanently.  In those circumstances, the unusually high
concentration of the intermediate compound switches on a new path-
way which consumes that intermediate.  This results in the production
of a different final product not found normally in the flower. 

Mutations can also have minor effects on the function of an enzyme.
In these cases the enzyme may not be as efficient as normal; more of
the intermediate compound (that enzyme’s substrate) will accumulate;
and the amount of the final pigment may be less than normal. The
flower color may be lighter due to the lower concentration of the final
pigment, or the mixture of a colored intermediate compound with a
lower concentration of the final pigment may change the flower color
completely. 

Regulatory Genes — The Bosses
In an assembly line there are workers and supervisors.  The supervi-

sors may determine who works, where they work, and when they work,
or for how long they work.  In plants, the equivalent to the supervisors
are called the regulatory genes.  The regulatory genes do not change
the structure of the pigments.  They determine whether the structur-

al genes are active or inactive in making their enzyme products.  They
also determine where the structural genes are active and for how long.
There are many more regulatory genes in a pathway than there are
structural genes.  However, just as workers on an assembly line can
make some decisions themselves, some regulatory functions are built
into the actual structural genes as well. 

Regulatory Genes Can Control 
Several Structural Genes Simultaneously

Mutations in regulatory genes do not need to affect only one struc-
tural gene, so several of the structural genes may fail to be turned on at
the correct time or may be turned on at inappropriate times.  It is impos-
sible to tell whether a mutation is in a structural gene or a regulatory
gene from a change in flower color.  For example, if purple colored flow-
ers are normal and one finds a white flower mutant, one cannot tell
whether the mutation is in a regulatory or structural gene.  Some of
Mendel’s work provides an excellent example of this.  He worked on
the flower color of peas.  He crossed purple-flowered with white-flow-
ered plants. Recent genetic and biochemical research has found that
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Figure 2. The carotenoid pathway

Pigment compounds are separated by arrows. The abbreviations in
capitals represent the enzymes and the structural genes coding for
those enzymes. The color of the pigment is illustrated.

DJ
Allele: A variant of a gene. Alleles have one or more differences in
their DNA sequences. Natural genetic variation in plant popula-
tions is present as multiple alleles for most genes. An allele of a par-
ticular gene may have a very large effect on the phenotype, causing
complete loss of the function of the gene or it may have a smaller
effect or no effect on the phenotype. Few alleles will have large
effects on a phenotype while most will have a small or no measura-
ble effect. In a diploid individual each gene has two alleles which
may be the same or different.
Chromoplast: A self-contained structure within a plant cell.
Chromoplasts contain sufficient carotenoid pigments to colour the
cell.
Dominant: The dominance component of a phenotype is the differ-
ence between the average of the two homozygous parental pheno-
types and that of the F1 offspring. When th dominance component
is exactly equal to the additive component the phenotype is com-
pletely dominant. When the dominance component is less than the
additive component partial dominance is present or the dominance
is incomplete. When the dominance component is zero the pheno-
type is perfectly additive. Few phenotypes will be perfectly additive
or completely dominant. At the molecular level of gene expression
usually both alleles in a diploid will be expressed.
Enzyme: A protein which affects the rate of chemical reactions
within plant cells. Structural genes are genetic codes to produce
enzymes. 
Mutation: A change in the sequence of the DNA of a gene. This
results in a different allele. It may or may not result in a different
phenotype. Mutations may be selectively neutral and have no meas-
urable effect on a plant, or they may be
deleterious and lost by natural selection or be advantageous and
increase by natural selection to replace disadvantageous alleles.
Some alleles may form what are called balanced polymorphisms in
which case two or more alleles have advantags and disadvantages in
different circumstances, none is consistently better and the alleles
are maintained in the population at intermediate frequencies.
Mutations with visible effects occur very rarely, once in a million or
once in a hundred thousand.
Pleiotropy: Changes in more than one characteristic caused by a
change in one gene.
Recessive: A phenotype that is completely masked by an alterna-
tive phenotype. 
Substrate: A chemical compound which is changed  by a reaction
caused by an enzyme.
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this particular mutation for white flowers is in
a regulatory gene. 

Multiple Gene Copies Make Color
Changes Less Frequent

Although there are a small number of
structural genes in the pigment pathways, sev-
eral of the genes are present as multiple ver-
sions in many plant species. For example, in
peas there are eight or nine known chalcone
synthase (CHS in Fig. 1) genes but only three
of those genes are active in flowers.  If there is
only one copy of a structural gene, then a
knock-out mutation in that gene can have a
visible effect on the flower color.  For example,
the mutant flower might be white.  When
there are multiple copies and all copies are
active in the same location, then there may be
no effect on flower color unless mutations are
present in all copies.  Mendel’s white-flower
mutation in peas would have required knock-
out mutations in each of the three chalcone
synthase structural genes to be visible. The
single mutation in the regulatory gene acted
to turn off all three copies of the gene and
thus caused the flowers to lack the purple pig-
ment.

In true lilies (Lilium) three different chal-
cone synthase genes are expressed in the
tepals. One of those genes is expressed in the
anthers1. It is not known how many chalcone

synthase genes are pres-
ent in daylilies but it is
reasonably safe to assume
that the situation is simi-
lar to that in peas and
lilies.  There are probably
three or more copies of
the chalcone synthase
gene in daylilies. It is
unfortunate that the
researchers considered
sepals and petals com-
bined as tepals for their
research in Lilium. It is
possible that the different
chalcone synthase genes
are expressed differently
in sepals and petals. If this
is the case in daylilies, it
might help explain bitone
and bicolor flowers. 
Mutations in Flavonoid

Genes 
Can Affect Many Non-
Pigment Characteristics

The flavonoid pathway
evolved in ancient times and flavonoids are
important to the plant in more ways than just
as pigments in flowers. Flavonoids are involved
in the transport of plant hormones; in protec-
tion against ultraviolet radiation; in defense
against diseases and pests; in pollen viability;
and in the functioning of roots.  It has been

known since the 1980s that
flavonoid-based flower col-
ors are affected by many dif-
ferent genes (at least 35 in
Petunia, the plant chosen for
studying flavonoid flower
colors). Mutations which
affect the flavonoid flower
pigments can also affect
their other functions (an
example of pleiotropy). 

Lack of Pollen Flavonoids 
Can Cause Infertility
Flavonoids are impor-

tant for pollen fertility in
many species. Flavonoids
are often present in the
outer pollen wall and con-
tribute to the yellow color
of pollen.  Lack of
flavonoids in the pollen
produces what has been
described as ‘white’ (or
sometimes as sulphur)

infertile pollen in several species, (e.g.
Petunia). At least some daylily cultivars have
lighter colored abnormal pollen and are
pollen-sterile.  It is possible that those culti-
vars have a mutation which affects flavonoid
production in the anthers only.  Such a muta-
tion might not affect the overall flower color

Infertile lighter colored pollen,
often described as white (left), and
fertile normal-colored daylily
pollen (right).

Figure 3. 
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if, for example, daylilies have multiple
copies of the chalcone synthase gene
and the mutation occurred in a copy of
the chalcone synthase gene which was
active only in the stamen.  Since some
of the whitish pollen-sterile cultivars
apparently have flavonoid pigments in
their petals, daylilies may be similar to
Lilium and have versions of flavonoid
genes which are active only in the sta-
men.  Figure 3 shows the difference
between lighter-colored (white) infer-
tile daylily pollen and normal-colored
fertile pollen.

Daylilies Have Two Types of
Anthocyanins

The end-products of the flavonoid
pathway in daylilies are anthocyanins,
the magenta (reddish-purple) pigment
cyanidin and the bluish-purple pigment
delphinidin.  These pigments may have
sugar and other molecules attached
which can change their chemical struc-
tures and may change their colors.  It is
important to understand that although
these anthocyanins are generally
described as reddish-purple or bluish-
purple, their actual color is very
dependent on their surroundings.
Generally, in the normal individuals of
the species (the wild-type) flavonoids

are stored in particular locations in the
plants’ cells. They are dissolved in
watery solutions in the vacuole (a large
central sac-like organ in plant cells).
Plants produce anthocyanin pigments
in certain tissues and under specific
conditions.  In daylily flowers, antho-
cyanins are found in the outer surface
tissue layer, called the epidermis, of the
petals and sepals and sometimes the
stamens.

Pure Anthocyanins 
Are Colorless in Water

When anthocyanins are dissolved in
water, the pH of the solution deter-
mines its depth of color. 

The pH of tepal extracts from tested
daylily cultivars varied from 5.5 to 6.02.
Anthocyanins are expected to be near
colorless at those pH values. Figure 4
shows how pH affects the depth of
color of the anthocyanins, cyanidin
and delphinidin. 

Co-pigments Are Required for
Color 

in Anthocyanins
Although some anthocyanins

remain strongly colored in water at pH
values from 4 to 6, the anthocyanins in
daylily flowers are nearly colorless with-

Figure 4. 

The effect of pH on the loss of cyanidin and del-
phinidin color. Adapted from data in Food
Chemistry 68:101-107, 2000.
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in that pH range.  Sohow can
daylily flowers be strongly col-
ored?  Researchers have found
that other chemicals present in
the watery solutions in the vac-
uole form complexes with antho-
cyanins and prevent their loss of
color at near-neutral pH.
Examples of those chemicals,
called co-pigments, are the less
strongly colored quercetin and
kaempferol flavonoid pigments.
Researchers have concluded that
it is co-pigmentation that permits
anthocyanins to be the basis of an
almost infinite range of flower
colors at pH levels where most
pure anthocyanins are almost
colorless3.  Co-pigments also
have a secondary effect on
anthocyanin color.  In the pres-
ence of appropriate concentra-
tions of co-pigments, antho-
cyanins are bluer.

Any Anthocyanin Can Be 
Red or Blue

The pH of anthocyanin solu-
tions also affects the actual color
of the anthocyanin. Very acidic
(low pH) solutions of antho-
cyanin are red or reddish. Very basic (high pH) solutions of antho-
cyanins may be bluish, bluish-purple, yellow or greenish.  Figure 5
shows what happens when anthocyanins are dissolved in water at dif-
ferent pH. The dissolved anthocyanin can be present in solution in
four different forms. The proportions of the four differently colored
forms in the solution depend on the pH and determine the color of the
solution.

Mutations Can Cause 
Color Changes

To help understand how these pigment pathways affect the flower
color of daylilies, we can look first at the effects of knock-out mutations
in the flavonoid pathway (Figure 1).  Knock-out mutations cause a
particular enzyme to be completely non-functional.  They have the
same effect as if the gene in question is simply not switched on.  To
keep this simple, at first we will ignore the effects of all the other pig-
ment pathways.  The first important gene in the flavonoid pathway is
for the CHS (chalcone synthase) enzyme.  If the function of this gene
is completely knocked-out, then no flavonoid pigments are produced.
Flavonoid pigments are present in the epidermis or outermost layer of
a flower.  When no flavonoid pigments are present the epidermis is typ-
ically transparent or colorless. 

If the gene for CHI (chalcone isomerase) is knocked out, then yel-
low naringenin chalcone will be the only pigment produced.  Keep in
mind that the actual color of a flavonoid pigment depends on its con-
centration, its location in the cell, and the acidity or alkalinity (pH) of
any solution involved.  A knock-out of the gene F3H will cause color-
less naringenin to accumulate, and the epidermis will be colorless. If
the gene for F3’H is knocked out, then kaempferol may accumulate.
However, F3’5’H will still be active and able to use diyhydrokaempfer-
ol.  This allows delphinidin-3-rutinoside to be present in the flower,
perhaps with more than the usual amount of kaempferol.  If F3’5’H is
completely knocked out, then quercetin may accumulate.  In this case
dihydroquercetin will still be formed, and this allows cyanidin-3-ruti-

noside to be present in the flower. 
The enzyme, F3’5’H, is able to

function with more than one
substrate.  It can use dihy-
drokaempferol or dihydro-
quercetin which will result in the
ultimate production of the pig-
ment delphinidin-3-rutinoside.
Mutations in the gene for F3’5’H
do not necessarily knock out
both functions.  Some mutations
may cause the enzyme to func-
tion only with dihydrokaempfer-
ol.  Other mutations may cause
the enzyme to function only with
dihydroquercetin. A daylily culti-
var with no mutations in the
genes for F3’H or F3’5’H would
have both cyanidin-3-rutinoside
and delphinidin-3-rutinoside pig-
ments in its flowers.  Knock-out
mutations in one or the other of
the two genes would produce
cultivars with only cyanidin-3-
rutinoside or only delphinidin-3-
rutinoside. 

The enzyme DFR may func-
tion with two substrates and can
use either dihydroquercetin or
dihydromyrecetin.  Mutations
can knock-out both functions

simultaneously or only one of the two.  If both are knocked out, the
flower will accumulate kaempferol and quercetin and may be colorless,
cream or pale yellow.  If only one function is knocked out, then the
flower may have only cyanidin-3-rutinoside or only delphinidin-3-ruti-
noside.  The last two enzymes again may function with two different
substrates, either leucocyanidin or leucodelphinidin.  If a mutation
causes the loss of both functions, then the pigments remain in the
cytoplasm (the liquid part of the cell) and the epidermis may be color-
less or a dilute color (pink or lavender). 

Mutations in the Carotenoid Pathway
If the gene for either the PSY or PDS enzyme in the carotenoid

pathway is knocked out, colorless geranylgeranyl pyrophosphate or
phytoene will accumulate.  If the genes for both the LEC and LBC
enzymes are knocked out simultaneously, lycopene accumulates and
the flower color might vary from pinkish to orange-red.  There are a
number of different genes which, if knocked out, cause the accumula-
tion of different carotenes.  Knock-out mutations of other carotenoid
genes will cause yellow carotenoids such as lutein or zeaxanthin to
accumulate.

Pigment Color Depends 
on Location

Our daylily cultivars are domesticated plants.  In the process of
adapting them to our desires, we have changed their biology radically
to the point that their flowers are very different from the wild-type.
Our cultivars have accumulated mutations which may not exist in the
natural populations.  Researchers have found that in other cultivated
plants, anthocyanins may be present in locations other than the vac-
uole such as the cytoplasm or the cell walls4.  This may also be the case
for some daylily cultivars. If so, the flower color of those cultivars will
be affected because the color of anthocyanins and other flavonoids
depends on whether they are in solution or deposited as solids.
Examination of some daylily petals suggests that flavonoid pigments

Figure 5. 

The effect of pH on the different forms and color of anthocyanin
in solution. Adapted from http://enologyaccess.org/Resources/
VEN124/VEN124_06.htm accessed January 3, 2011.
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may be present in some cell walls in certain
cultivars. 

Pigment Location May 
Depend on Cultivar

The location of flavonoids within flower
petals has been studied in Lisianthus, Dianthus
and Lathyrus4.  Flavonoids were found not
only in the vacuole (the location known from
the typical normal, wild-type plant) but also
in the cell walls and in the cytoplasm.
Quantitative measurements in Lisianthus
found 14% of the flavonoid pigments in the
cytoplasm, 30% in the cell walls and 56% in
the vacuoles.  The presence of flavonoids in
the cytoplasm in some cultivars, due to specif-
ic mutations, is expected.  The flavonoids are
manufactured in the cytoplasm and must
then be transported to and into the vacuole.
Mutations which occur in genes involved in
the transportation and import of flavonoids
into the vacuole can block those functions
and leave flavonoids in the cytoplasm.  Such
mutations are known in Zea, Petunia, and
Dianthus13.  The presence of flavonoids, par-
ticularly anthocyanins, in the cytoplasm
results in a dilute flower color. It has been sug-
gested that many cultivars in different plant
species which have pink or other dilute flower
colors have similar mutations and flavonoids
are present in their cytoplasm rather than
their vacuoles. Pink and lavender daylilies
may have such mutations. Flavonoids can
also sometimes be found in the cuticle, an
outer waxy layer which covers most of the
above-ground surfaces of a plant.

Pigment Color Depends 
on Concentration

The color of a pigment solution is affected
by the concentration of the actual pigment.
A simple example of this is that several
carotenoid pigments, for example, beta-
carotene, are yellow at low concentrations
but orange at high concentrations.  This adds
to the difficulty of predicting the color of a
flower since even knowing all of the pigments
which are present is not enough — one needs
to know their concentrations as well as other
details, such as the pH and any co-pigments
present.

A Multitude of Daylily Flower Pigments
Researchers have made a start at determin-

ing the number of pigments present in daylily
flowers.  Twenty-one different carotenoid pig-
ments were found in one daylily species5. The
four carotenoids with the highest concentra-
tions were zeaxanthins 45%, β-cryptoxan-
thins 30%, luteins 11%, and β-carotenes 9%.
Eight different flavonoids and one less com-
mon pigment type, yellow stelladerol (a naph-
thalene glycoside) 17%, were found in one
cultivar, ‘Stella de Oro’6 (Jablonski, 1975).
Quercetins 51%, and kaempferols 18% were
in highest concentration. 

White Flowers
There is no specific white pigment in

plants. White flowers do not absorb much
light; they reflect most of the light that falls on
them.  For daylilies to be truly white, they
would need to have at least three pigment
pathways blocked at sufficiently early posi-
tions to prevent forming any colored com-
pounds. The carotenoid pathway, the antho-
cyanin pathway and the naphthalene path-
way would all have to be blocked.  It is reason-
able to assume that daylilies do have an early
complete block in the flavonoid pathway.
The evidence for this is the existence of yel-
low-flowered daylily species, such as
Hemerocallis citrina and H. lilioasphodelus.
However, that block may not be early enough
to prevent the formation of cream or pale yel-
low chalcone, quercetin or kaempferol pig-
ments6. Since H. citrina and H. lilioasphodelus
are quite closely related, it is likely that the
same gene is blocked in all the yellow-flow-
ered daylily species. 

It is possible that a different gene is blocked
in the other daylily species which lack antho-
cyanins in their flowers but are not yellow
flowered.  If so, then crosses between yellow-
flowered daylily species and other acyanic
(without anthocyanins) daylily species would
produce F1 offspring with some anthocyanin
color in their flowers.  Stout7 did observe that
in some crosses between species with no
anthocyanins in their flowers some F1 off-
spring were produced which had some antho-
cyanin pigmentation in their flowers.
However, there has been no formal genetic
verification that crosses between two pure-
breeding acyanic daylily species may produce
cyanic (with anthocyanin) flowered F1 off-
spring.  It is possible that daylilies have two
different mutations in the flavonoid pathway
which can produce acyanic flowers.  Since H.
citrina is actually able to form anthocyanin in
its leaves (reddish leaf bases), then it is rea-
sonable to assume that either daylilies have
some duplicated genes in their flavonoid
pathway or that the block in the yellow-flow-
ered species is not in a structural gene but is in
a regulatory gene of the pathway. 

Daylilies are not known to have a complete
block in their carotenoid pathway.  However,
Hemerocallis fulva f. rosea has been found to
have low concentrations of carotenoids8.
Stout observed that when H. fulva f. rosea was
crossed with yellow, orange or fulvous (tawny)
flowered daylilies, the F1 had dull fulvous col-
ored flowers9.  As it required considerable
selective breeding to recover clear rosy pink
colors, it is unlikely that the low concentra-
tion of carotenoids in H. fulva. f. rosea is due
to a single gene mutation.  Although low
carotenoid concentration may possibly be due
to a few mutated genes, it is likely to involve
many genes and be quantitative.  It is also not
necessary that such mutations directly affect

the carotenoid concentrations.  As an exam-
ple, mutations which block the transforma-
tion of chloroplasts to chromoplasts will cause
reduced concentrations of carotenoids. 

Modern near-white daylilies have been pro-
duced by continuous selection for reduced
flower pigmentation derived from the low
carotenoid concentrations of Hemerocallis
fulva f. rosea.  It is intriguing that the modern
near-whites do not appear to be completely
acyanic; they may have trace amounts of pink
or lavender pigment (P. Stamile personal com-
munication).  This may be due to whites with
a little blue pigment appearing ‘whiter than
white’ to our eyes (why bluing agents were
added to detergents).

Green Flowers
Daylily flower buds are various shades of

green before they open.  The green color is
caused by chlorophyll present in chloroplasts
in the middle cell layers (mesophyll) of the
sepals and petals.  As the bud develops and
especially near the time the flower opens, the
chlorophyll is destroyed and the chloroplasts
become chromoplasts containing the
carotenoid pigments.  A green flower can be
produced by preventing the disappearance of
the chlorophyll.  It might also be possible if
the transformation of chloroplast to chromo-
plasts is prevented. 

Greenish flowers may also be produced by a
second method.  Bluish-purple pigments
mixed with yellowish pigments can produce
greenish colors.  This could happen with del-
phinidin mixed with cream to pale yellow
chalcone, quercetin or kaempferol or mixed
with yellow stelladerol.  Greenish pollen in
Petunia10 and greenish-blue flowers in
Strongylodon11 are produced in a similar way.
In the vine, Strongylodon, the color is associat-
ed with a slightly basic pH which helps make
the flavonoid yellow and the anthocyanin
bluer.

Yellow Flowers
Various shades of yellow in daylilies can be

created by carotenoids, yellowish flavonoids
and yellow naphthalene pigments.  Most yel-
low daylilies probably have mixtures of all
three types of pigments and complex mixtures
especially of the different carotenoids in vari-
ous concentrations. 

It is probable that all daylily cultivars con-
tain quercetin or kaempferol flavonoids, even
those which are deeply yellow due to
carotenoid pigments. 

Red and Purple Flowers
Arisumi, a plant geneticist, attempted to

study the genetics of red-flowered daylilies but
was unable to provide a simple gene explana-
tion partly because self-incompatibility pre-
vented the necessary crosses (F1, F2,
BackCross and F3) from being made and ana-
lyzed.  It is also likely that some of the segre-
gation ratios Arisumi found in the crosses he
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was able to make were affected by segregation distortion (see Part 1,
pages 12 to 14 The Daylily Journal Spring 2010 Vol. 65 No. 1) and
showed that the inheritance of red flowers was complex.  He did deter-
mine that reddish flowers appeared in the F1 offspring from crosses
between presumably pure-breeding non-red flowered (acyanic) and
red flowered daylilies.  That type of observation is often described as
“dominant,” but without evidence from the required crosses, especial-
ly the F3, one cannot conclude that the characteristic — red flower —
is due to a single or a few genes, or that it is truly dominant.  The
hypothesis that it is due to many genes acting quantitatively cannot be
excluded.  Arisumi actually concluded that the red flower characteris-
tic was due to many genes or quantitative.

Cyanidin with typical levels of the carotenoids lutein and zeaxan-
thin is present in the orange Hemerocallis fulva f. fulva8. Delphinidin
with typical levels of carotenoids is present in the brown flowered H.
fulva f. disticha8.  The rosy-pink H. fulva f. rosea ‘Rosalind’ has cyanidin
and very low levels of carotenoids8.  When carotenoids were missing
in variegated parts of a reddish daylily flower, the color was clear
magenta versus the typical red12.  In Petunia, cyanidin combined with
yellow pigments is thought to be redder than its normal magenta.
Delphinidin combined with carotenoids is often considered to produce
brownish shades.  One can make epidermal peels of daylily petals (or
simply slice them in half and look at the interior), and those which are
clear reddish may have yellowish mesophylls, but those that are clear
bluish-purple have near-white mesophylls.  For delphinidin to appear
clear bluish-purple seems to require low to very low levels of yellow pig-
ments such as carotenoids.  For the magenta cyanidin to appear red-
der seems to require some yellow pigment.

Sixty percent of purple flowered daylily cultivars tested were found
to contain both cyanidin and delphinidin2.  Seven percent had only
cyanidin and the remaining 33% contained only delphinidin2.  Fifty
five percent of red flowered cultivars contained only cyanidin2.  The
remaining forty five percent contained both cyanidin and delphinidin2.

Pink and Lavender Flowers
These colors are likely to be related to low levels of carotenoids and

low levels of anthocyanins.  In other species, low levels of anthocyanins
have been associated with mutations which cause the anthocyanins to
accumulate in the cytoplasm rather than the vacuole. This may also be
the case in daylilies as that type of mutation appears to be relatively
common in different plant species13.

Melon Flowers
Melon colored flowers appeared after a mutation causing low levels

of anthocyanins occurred.  It was found, by Kraus, a botanist and
daylily hybridizer, in seedlings which already had low levels of
carotenoids14 (and R. J. Griesbach, personal communication).
Guzinski (personal communication) has found that lycopene is one of
the carotenoids present in melon flowered cultivars.  Lycopene has not
been found otherwise in daylily species and was not present in
Hemerocallis fulva. f. rosea.

Orange Flowers
Orange flowers can be formed from high concentrations of any

carotenoid pigment, or from orange-reddish carotenoid pigments or
from mixtures of carotenoid and anthocyanin pigments15.  Seventeen
percent of orange-flowered daylily cultivars examined contained no
measurable anthocyanins2.  The same percentage contained both
cyanidin and delphinidin2.  The remaining 66% contained only cyani-
din2.  Some gold daylily cultivars may be shades of orange. 

Brown and Black Flowers
Brown, particularly in fruit, is created by green chlorophyll with red

pigments.  Mutations (for example of the stay-green gene) are required
that prevent the chlorophyll from being destroyed as the fruit ripens.
This is how we have “muddy brown” ripe tomatoes and chocolate-col-
ored ripe peppers.  A similar type of mutation which prevents the loss
of the green chlorophyll present in the unopened daylily flower bud,
combined with reddish anthocyanin pigment, would probably produce

a brownish flower. 
As observed in Hemerocallis fulva f. disticha brown can also be pro-

duced by combining purple delphinidin with yellow or orange
carotenoids (or perhaps even with yellow naphthalene glycosides, such
as stelladerol).  This is reasonable as purple = blue + red; then purple
+ yellow = blue + red + yellow; and purple + yellow = green + red
= brown.  

Although daylilies do have a black pigment in their seed coats, black
color in flowers is usually due to high concentrations of purple antho-
cyanin pigments.  Black occurs when nearly all the light which falls on
a flower is absorbed and very little is reflected.  When anthocyanins are
present in high concentrations, they may not be able to remain in solu-
tion in the vacuole.  Anthocyanins can be present as solid particles in
the vacuole (known as anthocyanic vacuolar inclusions) and these
help provide a darker coloration to flowers.  The daylily cultivar ‘Milk
Chocolate’ (Carney, 1967) has similar masses of anthocyanin pigment
in its flowers (Brennan, J. R., The Daylily Journal 49:207-213, 1994).

Blue Flowers — 
Close Relatives Have Them

Daylilies, like many other plant species, do not have blue flowers.
The closest to blue can be seen in bluish-purple and bluish-lavender,
especially in the eyezones where quercetin or kaempferol may act as
co-pigments and shift the color of any anthocyanin pigment to bluer
shades.  Although delphinidin is often considered to be a blue pig-
ment, other anthocyanin pigments, such as cyanidin are often the basis
for blue flowers in nature.  Anthocyanins in some blue flowers are asso-
ciated with metal ions such as iron in tulips and aluminum in
hydrangeas. 

Although daylilies do not have blue flowers, several species closely
related to them have blue flowers and fruit.  Of these, both Dianella
and Stypandra share some characteristics with Hemerocallis.  All three
contain the same root toxin, and Dianella roots and berries also con-
tain the yellow naphthalene pigment stelladerol which has been found
in ‘Stella de Oro’ flowers.  Dianella berries also contain an almost
water-insoluble blue anthocyanin16. It would be interesting to know
whether the purplish pigment which is sometimes present on the outer
surface of daylily seed pods (capsules) is an anthocyanin related to
those found in the blue flowers and fruit of Dianella.  

Picotees
My current working hypothesis is that picotees are related to eye-

zones. A cultivar with a cyanic eye will have a cyanic picotee with a
color similar to the color of the eye.  A cultivar with a watermark will

Figure 6. 

Flavonoids visualized in a picoteed flower by fuming with ammo-
nia. The petal on the left is normal and the one on the right was
fumed with ammonia.
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have a picotee which is lighter than the main petal area and similar to
that of the watermark.  Cultivars with several bands of color in their
eyezones may be able to have several bands of similar color in their
picotees.  Bands of different colors in eyezones may represent areas of
alternating eye versus watermark coloration; that is, an eyezone may
be able to have sections with characteristics of eyes and other sections
with characteristics of watermarks.

Picotees — Green Edges May Be 
Yellow Flavonoids with Bluish Anthocyanins

Yellow picotees, in all shades from cream to gold, may be caused by
carotenoids, yellowish flavonoids, yellow naphthalenes or any combi-
nation of these pigments.  From circumstantial evidence I have con-
cluded that the color of these picotees is likely to be due primarily to
the yellowish-flavonoids.  There are several lines of reasoning for this
conclusion. 

In some older daylily cultivars with yellow thread-like picotees and
cyanic eyezones, one can sometimes see the cyanic eyezone bleed into
the yellow thread.  One also sometimes sees cyanic thread interspersed
with yellow thread along the petal edge.  This suggests that the
flavonoid pathway has been affected in those cells which form the
petal edge.  A partial or temporary block, affected by cell type or loca-
tion, could cause the accumulation of yellowish flavonoids in some
areas.  The absence of the block would allow the accumulation of the
anthocyanins (cyanic flavonoids) in other locations. 

A similar explanation is supported by the offspring from crosses of a
cultivar with gold edges but no cyanic eyezone (‘Admiral’s Braid’
[Stamile, 1990]) with various cultivars with cyanic eyezones but no
picotees.  Some of the resulting F1 offspring had cyanic eyezones and
picotees.  This suggests that ‘Admiral’s Braid’ had a blocked flavonoid
pathway but could accumulate yellowish flavonoids in its picotee.  The
cyanic-eyed cultivars were not blocked but had few, if any, alleles for
picotees.  At least some of the offspring inherited alleles for picotees
from ‘Admiral’s Braid’ and the ability to make anthocyanins from the
other parents and therefore produced anthocyanin colored picotees. 

The last piece of evidence is chemical.  The pale yellowish or color-
less flavonoids can be identified by their color reactions when exposed
to ammonia.  After fuming with ammonia they become yellow or more
deeply yellow colored.  Figure 6 shows the effect of fuming an acyanic
yellow-gold picoteed cultivar.  The yellow areas in the throat, eyezone
and picotee edge of the petals became more deeply yellow, strongly
suggesting flavonoids were present and at least partly responsible for
the original yellow color.

Green Petal Edges — 
An Alternative Explanation

A petal edge may be green because it contains chloroplasts.  In most
plant species petals are green before the flower bud opens.  Their
chloroplasts contain green chlorophyll and minor amounts of
carotenoids.  In some of those species when the flower opens, both the
chlorophyll and the carotenoids have been or are then destroyed.  In
others, the chlorophyll is destroyed, but the minor amounts of
carotenoids remain. In some the chloroplasts become chromoplasts,
the chlorophyll is destroyed, and the carotenoids increase.  A last pos-
sibility is that the chloroplasts remain relatively unchanged. 

The changes which occur to the chloroplasts as the flower bud
opens (or close to that time) do not always affect the entire petal.
Often the course of events is different in the base of the petal (the
throat of the flower) and the main area of the petal.  The petal bases
of many species remain green after the flower opens.  Daylilies differ in
their throat colors; they can be yellow, orange or green.  They can fade
during the day or turn from green to yellow. 

Modern cultivars with green edges, such as ‘Mystic Image’ (Pierce-
G., 2010), provide suggestive evidence that the petal edges may follow

two different developmental plans.  The outermost edge or ring of tis-
sue may be similar to the throat and may be greenish.  The next ring
of tissue in from the green may be similar to the eyezone and may be
cyanic.  If that is the case, then it should be possible to produce near-
white petals with an outer green ring/edge and an inner ring of
gold/yellow.  It should also be possible to produce cyanic petals with an
outer ring/edge of green and an inner watermarked ring (a continua-
tion of a watermark present in the eyezone).  A green picotee edge has
been produced in Petunia by a mutation which changes some of the tis-
sue characteristics from petal to sepal19.

Eyes and Watermarks — 
All Daylilies Have Eyes

It has often been considered that the presence of an eye is a domi-
nant genetic characteristic in daylilies, and its absence is recessive.
Unfortunately, to be able to show a visible eye, the cultivar must be
able to produce anthocyanin pigments in the flower.  If the flavonoid
pathway is blocked before the anthocyanins, one cannot make simple
valid observations of the presence or absence of an eye because the eye
could be present but not visible to the unaided human eye.
Fortunately, all the flavonoid pigments absorb light in the ultraviolet
wavelengths.  Photographs of daylily flowers showing the effects of
ultraviolet light display typical bulls-eye patterns of absorbance in all
cultivars examined17.  Figure 7 shows ‘White Temptation’ (Sellers,
1978) after fuming with ammonia.  Comparison of the ultraviolet pho-
tograph of ‘White Temptation’17 and the effect of fuming with ammo-
nia strongly suggests that flavonoid pigments such as chalcones,
quercetins, and kaempferols are present in the throats and eyezones of
even near-white cultivars.  It is probable that all daylily cultivars have
eyes.  Cultivars which can produce anthocyanin in their flowers have
visible eyes and those which cannot produce anthocyanins neverthe-
less have the less colored (colorless, cream or pale yellow) flavonoid
pigments in their eyes giving the appearance of no eye in normal light.

Both eyes and watermarks are likely to be determined by many
genes.  The eyezone varies in width from narrow lines to wide bands
and such differences in widths are likely to be determined by many
genes.  Both the eyezone and the main petal/sepal areas vary in the
amount of flavonoid pigment present and these differences are likely
to be determined by many genes.  In eyed cultivars there will be more

Flavonoids in the throat and eyezone of a near-white flower visu-
alized by fuming with ammonia. The petal on the left is normal and
the one on the right was fumed with ammonia.
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anthocyanin in the eyezone (and probably more of the other flavonoid
pigments) than in the main area of the petal/sepal. In watermarked
cultivars, there may be less anthocyanin in the eyezone (and probably
less of the other flavonoid pigments) than in the main petal/sepal area.
It is quite likely that the same pigments are present in both the eye-
zone and the main petal areas.  The only differences between the eye-
zone and the main petal/sepal areas may be in the concentrations of
the pigments.  In apparently self-colored cultivars there may be
approximately equal amounts of pigment in both the eyezones and the
remainder of the petals and sepals.  The actual amount of pigment in
the two areas does not need to be very similar.  The unaided human
eye cannot distinguish between different concentrations of antho-
cyanins that vary by as much as 35% or possibly even more18.

As flower buds open, water is pumped into some tissues, and cells in
particular locations elongate causing the flower parts to become larg-
er. In the petals (and sepals) only the cells in the base (to approximate-
ly half the petal length) elongate.  If the flower pigments are primarily
produced before the cells elongate in some cultivars, then the pigment
concentration will be less than that in the main half of the petal and a
watermark may result.  If that is the case, then it may not be possible
to duplicate all the color effects seen in the eyezone in a picotee
around the petal edge as the cells in the petal edge are unlikely to elon-
gate. 

From the above it is clear that daylilies provide the hybridizer with a
practically unending choice of flower colors as potential goals of selec-
tive breeding.
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