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ABSTRACT

A study of flavonoids occurring within a heterocyanic population of Trillium sessile was made
to determine the chemical basis of a common floral color polymorphism in this species. In the
study population, three floral color phenotypes (red, pink, yellow) are determined primarily by
the presence or absence of anthocyanin compounds in the petal tissue, and secondarily by
quantitative differences in the concentration of several flavonol glycosides. Petals of red phe-
notypes contain both cyanidin 3-arabinoside and 3-diarabinoside, petals of pink phenotypes
contain only cyanidin 3-arabinoside, and petals of yellow phenotypes lack cyanidin entirely.
Quercetin 3-0-glucoside, quercetin 3-0-arabinoglucoside, quercetin 3-0-arabinogalactoside, and
quercetin 3-0-arabinogalactosyl, 7-0-glucoside occur in petals of all three phenotypes but differ
in relative amounts. Petals of the red phenotype have mostly 3-0-biosides, but lesser amounts
of both quercetin 3-0-glucoside and the 3,7-0-triglycoside. Petals of the pink phenotype contain
relatively equal amounts of quercetin mono-, di-, and triglycosides. Petals of the yellow phe-
notypes contain mostly quercetin 3,7-0-triglycosides, and less mono- and di-glycosides. Small
amounts of a quercetin tetraglycoside were detected in petals of both yellow and pink phenotypes,
but not in red phenotypes. The enhancement of quercetin polyglycoside biosynthesis in yellow
petal phenotypes is attributed to the shunting of dihydroflavonol precursors to synthesis of

quercetin compounds when their conversion to anthocyanins is blocked genetically.

FLORAL COLOR POLYMORPHISMS are common
in the angiosperms (Harborne, 1967) and occur
widely within the genus Trillium. Sessile-flow-
ered trillium (Trillium sessile L.) is an eastern
North American species of mesic woodlands
which typically has maroon or dark-red col-
ored petals. Occasional individuals with yellow
or yellow-green petals have been recognized
taxonomically as forma viridiflorum Beyer
(Fernald, 1950), although little is known about
the genetic basis of the color polymorphism in
this species.

Petal color variants in Trillium can be cat-
egorized as “conspicuous polymorphisms”
which are generally believed to have minor
evolutionary roles (Wright, 1978). Petal color,
however, has been shown to have profound
effects on gene flow and mating systems (Levin,
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1972; Brown and Clegg, 1984; Levin and Wat-
kins, 1984; Schoen and Clegg, 1985) and these
polymorphisms deserve further evolutionary
study. Indeed, intrapopulational genetic sub-
divisionin 7. sessile has been documented with
respect to heterocyanic floral color phenotypes
(Whitkuset al., 1987). Genetically, flower color
in plants may involve serial gene systems and
epistasis (Grant, 1975); however, the presence
or absence of a particular floral pigment is usu-
ally a single-gene difference (Epling, Lewis, and
Ball, 1960; Kamsteeg, Van Brederode, and Van
Nigtevecht, 1980; Ennos and Clegg, 1983).
Several years ago, we observed a population
of Trillium sessile characterized by hetero-
cyanic individuals, i.e., plants varied with re-
spect to the expression of anthocyanin pig-
mentation in their stems, leaves, and petals.
Upon closer study, we were able to discern
three phenotypes which we categorized by their
petal color as “red” (heavily red-pigmented),
“pink” (diffusely pink or yellowish-pink) or
“yellow” (deep yellow without a trace of red
or pink). We hypothesized that the three phe-
notype classes resulted from the three allelic
configurations of a single gene with incomplete
dominance. This genetic basis has been doc-
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TaBLE 1. Characterization of phenotype classes recog-
nized by differential anthocyanin expression among
heterocyanic individuals of Trillium sessile

Petal color

Red Pink Yellow
Petals ++2 +v —c
Sepals + - -
Leaves ++ + —
Stems ++ ++ —

2 (++) pigments present in high concentration.
b (+) pigments present in low concentration.
¢ (—) pigments absent (undetectable).

umented for similar petal color polymor-
phisms in many plant species including the
“classical” example of incomplete dominance
displayed by the red, pink, and white floral
phenotypes of snapdragon (Burns, 1980). We
set out to determine the genetic basis of the
polymorphism in 7. sessile by carrying out the
appropriate crossing experiments. Although we
were able to obtain F, hybrid seed from the
crosses, we reached an impasse when we were
unable to germinate them. As an alternative
to the crossing experiments, we conducted this
study of the biochemical basis of floral color
polymorphism in 7. sessile with the expecta-
tion that the chemical data might provide in-
sight into the genetic basis of petal color phe-
notypes in this species.

MATERIALS AND METHODS—The study site,
an 11-hectare woodlot located at the northwest
corner of The Ohio State University, Colum-
bus, is described in detail by Horn (1985). Al-
though Trillium sessile occurs throughout the
site, the heterocyanic population is restricted
to the northeast corner of the woods. Within
thisapproximately 35 X 35 msite, about 18,000
individuals of T sessile occur with phenotype
proportions of 93.8% reds, 5.1% pinks, and
1.1% yellows. The phenotype classes in the
population were delimited by differential pig-
mentation patterns of leaf, stem, and petal tis-
sue (Table 1). Assignment of individuals to
either red or yellow classes was unambiguous;
assignment to the pink class was based upon
the presence of yellowish pink or diffusely pink
petals together with the other array of features
listed in Table 1. Fifty individuals of each color
class were collected for laboratory analysis.

Analysis of anthocyanins—For each phe-
notype, equal amounts of stem, leaf, sepal, and
petal tissue were extracted in acidic methanol
(Arditti and Dunn, 1969), spotted onto What-
man 3MM paper, and chromatographed using
the following solvent systems: BAW, TBA, and
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HOAc (Markham, 1982). Extracts were also
analyzed by thin-layer chromatography (TLC)
on Polyamide 6 precoated plastic plates using
a 70:20:10; H,O: ETOH : MEK (water : etha-
nol : methyl ethyl ketone) aqueous system and
a 50:25:21:4; 1,2-dichloroethane : MEOH :
MEK : H,O organic system. Purification of the
two anthocyanins detected by these methods
was carried out by paper chromatography (PC)
using an initial descending separation in 1%
HCI, an elution with 2% methanolic acetic acid
(MEOH : HOACc; 98:2 v/v), and secondary de-
scending separations in BAW (Harborne, 1967,
Asbury, 1973). Purified bands were eluted with
0.01% HCI in MEOH and characterized using
UYV spectral analysis (Harborne, 1984). Por-
tions of the purified anthocyanins were hydro-
lyzed in trifluoroacetic acid (TFA) for two hours
(Mabry, Markham, and Thomas, 1970), rinsed,
and the hydrolyzate taken up in ethyl acetate
(EtOAc) and water. Following evaporation of
the EtOAc fraction, the aglycones (anthocyan-
idins) were resuspended in a small amount of
acidic MEOH and chromatographed on paper
using the FORESTAL system (Harborne,
1984). The spectral and R;data were used to
identify the anthocyanidin moieties. For sugar
analysis, the aqueous phase of each extract was
evaporated to dryness, resuspended in a small
amount of water, and spotted along with stan-
dards onto Avicel Microcrystalline Cellulose
MN 400 TLC plates. Sugars were identified by
comparing R; values with standards in 6:3:2;
pyridine : EtOAc : H,O using a Fotodyne high-
performance radial chromatography (HPRC)
chamber. Plates were developed by spraying
with a solution of aniline phthalate and warm-
ing. The combined spectral, color, R, and hy-
drolysis data were used for final identification
of compounds (Harborne, 1967).

Analysis of nonanthocyanin flavonoids—
Nonanthocyanin flavonoids were analyzed only
from petal tissues. Equal amounts of petal tis-
sue from each phenotype were extracted under
agitation first in 85% MEOH, and then in 50%
MEOH for 24-hr periods. Extracts for each
sample were combined, taken to dryness, and
chromatographed on paper in two dimensions
using TBA and HOAC systems (Mabry et al.,
1970). Compounds resolved on paper were
analyzed spectrally (Mabry et al., 1970) and
their R; values computed. Compounds were
hydrolyzed in 0.5 ml of water with 7 drops
of TFA at 100 C. Hydrolyzates were
monitored at 15-min intervals using the poly-
amide-aqueous TLC system. After complete
hydrolysis, aglycones were analyzed by co-
chromatography with standards using the



