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The flavones present in three European species o f Silene  section E lisanthe (Silene diclinis, 
S. heuffelii and S. marizii) have been identified. The flavones o f  these species were com pared  
with the flavones present in the three rem aining species o f section E lisanthe in E urope (S. dioica, 
S. noctiflora and S. pratensis). It was found that isovitexine-7-O -glucoside is present in all these 
species. The other flavones, notably the 2"-0-g lycosy la ted  ones, show a d istrib u tio n  over the 
species. The presence of flavone glycosylating genes in S. diclinis, S. heuffelii and 5. m arizii was 
tested by biochem ical means. The results o f this experim ent show th a t the  gene g-G , controlling 
the form ation o f isovitexin-7-O-glucoside, is the  basic flavone glycosylating gene in E uropean  
species o f section Elisanthe. The other flavone glycosylation genes, g-X, gl, gl-A, gl-R, f g  and  Fg 
are not present in all species.

Introduction

There are six species of Silene section Elisanthe in 
Europe. Three o f the species, S. pratensis (£), 
S. dioica and S. noctiflora, are w idespread [1 -3 ] , 
while the three others are endemics. S. diclinis [4, 5] 
and S. marizii [6] occur only in few localities in the 
Iberian peninsula, and S. heuffelii is restricted to the 
Balkans [3]. The flavones present in the petals o f the 
two very closely related species, S. pratensis and 
S. dioica, have been investigated thoroughly [7, 8]; 
M astenbroek and Knorr, unpublished) and up to 
29 flavones have been identified. All flavones 
identified in S. pratensis and S. dioica are derived 
from isovitexin (6-C-glucosyl-apigenin) [8-  10].

Three unlinked independent loci are involved in 
the glycosylation o f isovitexin in the m ature plant 
and its flowers [8, 11]. For these three loci, g, gl 
and fg, three, three and two alleles respectively have 
been found. The two dom inant alleles o f the 
g-locus, g-G and g-X, code for proteins that bind 
glucose and xylose respectively to the free 7-OH 
group of isovitexin; g is the recessive allele. At the 
g/-locus gl is the recessive allele, while gl-R and 
gl-A control the binding of rham nose and arabinose 
to the 2"-O H  group. Fg is the dom inant allele at the 
/g-locus and controls the binding o f glucose to the 
2"-O H ,/g  is the recessive allele [7],

The dioecious species o f section Elisanthe in 
Europe are closely related [2] and seem suitable to

Reprint requests to Dr. O. M astenbroek.

0341-0382/83/1100-0894 $ 0 1 .3 0 /0

investigate the evolutionary pathw ays leading to the 
various species. To do this we m ust obtain m any 
different data for the various species such as on iso­
zymes, m orphology, flavones etc. In this paper we 
present the results o f the identification o f the 
flavones present in individuals o f the endem ic 
European species from  the section Elisanthe o f the 
genus Silene.

(£) S. pratensis is the correct nam e in Silene for 
S. alba [ 12] and is also known as Melandrium album.

M aterials and M ethods

Chemicals used

U D P-[,4C]glucose 292 C i/m ol, U D P-[,4C]xylose 
267 Ci/m ol and U D P -[14C ]arabinose 183 C i/m ol 
were obtained from  New England Nuclear.

Plant material
Seed o f the Spanish endem ics, 5. diclinis and 

S. marizii, was provided by Dr. H. C. Prentice. Seed 
of S. heuffelii was provided by the botanical garden 
of Cluj, Rom ania. Individuals o f S. diclinis and 
S. marizii were grown in the greenhouse. Individuals 
of S. heuffelii were, after germ ination, stored in the 
cold for two m onths and then transferred to the 
greenhouse. All individuals treated  in this way 
flowered six m onths after germ ination. 135 plants 
were investigated for S', diclinis, and 62 and 75 were 
screened for 5. marizii and S. heuffelii respectively. 
The petals o f five flowers per plant were collected 
and stored at 4 ° C  in 0.2 ml 1% HC1 in 70% 
methanol.
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Separation and isolation o f  the flavones

The identification o f the flavones o f the individual 
plants was carried out by m eans o f one-dim ensional 
paper chrom atography on Schleicher and Schuell
1 paper in the developing solvents « -bu tanol-acetic 
acid-water (4 :1 :5  v /v /v , upper phase (BAW )) and 
1% HC1 in water (v/v); reference sam ples were 
co-chromatographed. The flavones are visible under 
UV (366 nm) as dark spots and after spraying with 
5% sodium carbonate (w /v) the spots fluoresced 
yellow (isovitexin-7-glycosides and diglycosides) or 
dull brown (isovitexin-2"-glycosides). L arger 
quantities o f flavone for the UV spectra and sugar 
and aglycone identification were ob ta ined  by 
chromatography on W hatm ann no. Ill paper, using 
BAW and water as developing solvents. A fter 
elution with methanol the eluate was concentrated 
at reduced pressure in a ro tation  evaporator.

Sugar and aglycone identification

The isolated flavones were hydrolysed in 1 ml 
50% methanol/1 n  HC1 for one hour in a fused tube 
in a boiling waterbath. The aglycone form ed was 
extracted with «-butanol. The extract was con­
centrated at reduced pressure and co-chrom atog- 
raphed with the appropriate  references on cellulose 
(Merck DC fertigplatten) coated th in  layer plates in 
the developing solvents:

1) «-butanol-acetic acid-w ater (4 :1 :5  v /v /v , upper 
phase);

2) 1% HC1 in water (v/v);
3) 15% acetic acid in w ater (v/v).

The sugar-containing w ater phase was passed 
through an ion exchanger (M erck Ionenaustauscher 
V), concentrated under reduced pressure and 
chromatographed on a kiesel-gel coated th in  layer 
plate with 90% Acetone in water (v/v) together w ith 
reference samples. The sugars were m ade visible by 
spraying the plate with a solution o f 2.58 g aniline 
hydrogenphtalate in 100 ml butanol sa tu ra ted  w ith 
water followed by heating at 100 °C  for 10 m in [13].

Enzymatic assay o f petal preparations

Crude protein extracts o f petals were m ade 
according to van Brederode and van N igtevecht 
[14, 15]. The presence o f the genes g-G, g-X, gl-A, 
gl-R and Fg was tested using isovitexin and the 
appropriate 14C labeled U D P-glycoside as sub­

strates. The standard reaction m ixture consisted of 
2 0 )il extract, 2 (il 1% isovitexin (w/v) in ethylene 
glycol mono-methyl ether and 2 (il U D P -[,4C]glyco- 
side with the specific activities as m entioned under 
chemicals used. Incubation was for 20 m in at 30 °C , 
after which the reaction was stopped by add ition  of 
an equal volume o f 1% trichloroacetic acid in 
methanol w/v. The reaction m ixture was applied  to 
W hatman no. Ill paper and chrom atographed 
2-dimensionally in the BAW and w ater together 
with the appropriate references. The flavone spots 
were detected under UV, cut out and placed in a 
scintillation vial. After addition  o f 20 ml scintilla­
tion solvent (4 g 2,5-diphenyloxazole, 50 mg
l,4-bis-2-(5-phenyloxazoyl)-benzene in 1 litre to lu ­
ene) the vial was counted in a Packard liquid  
scintillation spectrom eter (counting yield app rox i­
mately 75%).

Results and Discussion

The upper half of Table I presents the flavones 
found in S. diclinis, S. marizii and S. heuffelii. The 
lower half o f the same table presents the flavones 
that can be found in the other three species [8, 11]; 
(Kamps-Heinsbroek and Maas, unpublished). All 
the glycosides can be found in S. dioica w ith the 
exception of those of vitexin. On the o ther end of 
the scale is the species with only a few isovitexin- 
glycosides: S. noctiflora. Only two glycosides are 
present in S. noctiflora: isovitexin-7-O -glucoside 
(7G) and an unknown com pound referred to as 
7G +. Hydrolysis o f this com pound yields glucose as 
sugar and isovitexin as aglycone. Its U V -spectrum  in 
methanol and different diagnostic reagents [16] is 
exactly like that o f isovitexin-7-O-glucoside. The 
only difference between the two com pounds is their 
mobility in the chrom atography-system s used, 
presumably because of the presence o f som e extra, 
unidentified, moiety in the molecule. This flavone, 
7G +, is present in all species investigated.

S. marizii has three extra flavones in add ition  to 
those found in S. noctiflora: isov itex in-2"-0-g luco- 
side (6G), isovitexin-7-0-glucose-2"-0-glucoside 
(7G 6G ) and isovitex in-7-0-g lucose-2"-0-rham no- 
side (7G6R). The first two o f these are also present 
in the three rem aining species: S. diclinis, S. heuffelii 
and S. pratensis. Isovitexin-7-0-glucose-2"-arabino- 
side (7G6A) and isov itex in-2"-0-arab inoside (6A) 
are also present in S. diclinis. S. pratensis and
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Table I. Flavones found in the six species o f S//e«e-section Elisanthe.

Species 7G 7X 6R 6A 6G 7 G + 8X 8G 7G 6R 7G 6A 7 G 6 G 7X 6R 7X6A 7X 6G

5. marizii + — _ _ + + _ _ + _ + _ _ —
S. diclinis + — - + + + - - - + + - — —
S. heuffelii + - - - + + - - + - + - - -

S. pratensis + - + - + + + + + - + - - -
S. dioica + + + + + + 9 9 + + + + + +
S. noctifiora + — — — — + - - — — — - — —

abbreviations used:
7G  =  isovitexin-7-O-glucoside;
7X =  isovitexin-7-O-xyloside;
6R =  isovitexin-2 ''-0-rham noside;
6A =  isovitexin-2"-0-arabinoside;
6G  =  isovitexin-2"-0-glucoside;

7 G +  =  isovitexin-7-O-glucoside containing an unknown extra group; 
8G =  vitexin-2"-0-glucoside;
8X =  v itexin-2"-0-xyloside;

7G6R =  isovitexin-7-0-glucose-2"-0-rham noside;
7G6A =  isovitexin-7-0-glucose-2"-arabinoside;
7G 6G  =  isovitexin-7-0-glucose-2"-0-glucoside;
7X6R =  isovitexin-7-0-xylose-2"-0-rham noside;
7X6A =  isovitexin-7-0-xylose-2"-0-arabinoside;
7X6G = isovitexin-7-0-xylose-2"-0-glucoside.

symbols used: +  =  present; — =  absent and ? presence unknown.

S. heuffelii have the sam e flavone contents. As well 
as 7G, 7G + , 6G and 7G 6G  there are two m ore 
compounds present: isovitexin-2" -0 -rham noside 
(6R) and isov itex in-7-0-glucose-2"-0-rham noside 
(7G6R). In some populations o f S. pratensis from 
the USSR there are also two glycosides of the 
isomere of isovitexin vitexin, vitexin-2" -0 -gluco- 
side (8G) and v itexin-2"-0-xyloside (8X) [17]. The 
Russian botanical gardens, which send us the seed, 
ascribe these populations to Melandrium boissieri. In 
the Flora Europaea M. boissieri is classified under 
S. pratensis (1) but the flavones as well as its 
morphological appearance seem to indicate tha t it 
might be a distinct species.

Some conclusions can be draw n from our results:

1) The flavone 7G  is always present in the species 
of Silene section Elisanthe; 7X is restricted to
S. dioica.

2) S. noctifiora is the only species in which 6G and 
7G 6G  are absent.

3) The diclycoside 7G 6R  is found in four o f the six 
species investigated.

4) S. dioica and S. diclinis are the only species in 
which 6A and 7G 6A  are present. It is notably 
that these also are the only species with red 
petals, all others having white petals.

The glycosylation o f the flavones in the petals o f 
S. dioica and S. pratensis is controlled by three un­
linked independent loci: g , gl and fg  [8, 11]. The 
rather close relationship between these two species 
and the other species o f section Elisanthe makes it 
likely that the sam e flavone glycosylation loci are 
present in all species. Assuming this, it can be 
inferred from Table I which glycosylation genes are 
present in S. diclinis, S. marizii and S. heuffelii. In 
S. marizii the presence o f 7 G 6R and 7G then 
indicates the action o f the allele g-G o f the g-locus, 
6G and 7 G 6G  indicate the presence o f the gene Fg 
and 7G 6R  points at the presence o f gl-R. The sam e 
genes are found in S. heuffelii. The genes present in 
S. diclinis on the basis o f Table I should be: g-G, 
gl-A and Fg. An elaborate crossing program  with 
known genotypes o f S. pratensis and S. dioica needs 
to be carried out to prove that these genes indeed 
are present in S. marizii, S. diclinis and S. heuffelii.

The presence in the flower o f the isovitexin-O- 
glycosyl transferases can be tested by incubating a 
crude hom ogenate o f the petals w ith an U D P- 
[14C]glycoside and isovitexin as substrates. The 
results o f these tests are presented in Table II. In 
5. marizii the presence of g-G and Fg was inferred 
from Table I, so in the test incubation with 
U D P-[14C]glucose as sugar donor activity was
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expected at the 7G-spot, the 6G -spot and possibly 
the diglycoside spot o f the chrom atogram . Table II 
shows the presence of high activity at the 7G  and 
the diglycoside spots, but only a very low activity at 
the 6G spot. The high activity at the 7G  spot 
indicates very clearly the presence of g-G. The 
activity at the 6G spot is h igher than the back 
ground level, but is not high enough to be used as 
evidene for the presence o f Fg. The high activity at 
the diglycoside spot can be explained in various 
ways. One possibility is that the labeled 6G th a t is 
formed by the action of Fg im m ediately is con­
verted into 7G 6G  by the action o f g-G. A nother 
possibility is that the crude petal hom ogenate con­
tained a rather large am ount o f 2" -0 -glycosides 
(6G and 6R) which were converted into 7 G 6 G  by 
the action of g-G. A third explanation could be tha t 
the action of Fg turns over the 7G  present in the 
homogenate to the diglycoside. As 7G, 6G (and 6R) 
were present in the chrom atogram s o f the in d i­
viduals plants used in this biochem ical test none of 
these possibilities can be singled out. Therefore, this 
experiment cannot be used to determ ine the 
presence of Fg in S. marizii. The th ird  gene that, 
according to Table I, is present in 5. marizii is gl-R. 
It is not possible to obtain U D P -[,4C ]rham nose

from commercial sources, so the presence o f this 
gene must be tested indirectly. In an incubation o f 
U D P-[,4C]glucose in the presence o f N A D PH  som e 
U D P-[14C]rhamnose is formed out o f the U D P- 
[14C]glucose [18]. gl-R activity can be shown with 
this U D P-[14C]rhamnose. Table II shows tha t a 
rather high activity is recovered from  the 6R spot, 
indicating the presence o f gl-R in S. marizii. Activity 
is also found at the 7G and diglycoside spots, due to 
the presence o f U D P -[l4C]glucose in the reaction 
mixture. Table I does not indicate the presence o f 
either gl-A or g-X. The tests for these genes with 
U D P-[14C]arabinose and U D P -[l4C]xylose show no 
activity, confirming the findings o f Table I.

The presence of gl-A and g-G in 5. diclinis is 
supported by the results presented in Table II. 
Again nothing can be said about the presence o f Fg. 
The high activity found in the test w ith U D P- 
[14C]xylose at the 6A spot is rather puzzling. Table I 
does not show the presence o f a flavone xyloside in 
S. diclinis. Van Brederode and K am ps-H einsbroek 
(unpublished), however, dem onstrated considerable 
epimerase activity in crude hom ogenates o f petals 
o f S. pratensis, causing the transform ation o f 
UDP-xylose into U D P-arabinose. As no xylosides 
were found in S. diclinis, it is likely tha t the epi-

Table II. Results of biochem ical tests.

Species sugar
(1)

cpm recovered from  the position  o f  (2, 3) activity
like

7G 7X 6G 6R 6A /X diglyc.

S. marizii glc 4550 40 80 — 1300 g-G  (4)
rha 5500 100 500 — 800 g-G, gl-R (4)
xyl - 0 - - 0 0
ara - 0 - - 0 0

S. diclinis glc 200 30 200 — 2500 g-G (4)
rha 450 0 120 — 650 g-G (4)
xyl - 0 - - 1900 100 gl-A (5)
ara - 0 - — 1500 100 gl-A

S. heuffelii glc 140 — 30 0 - 300 g-G (4)
rha 140 — 30 60 — 1000 g-G (4)
xyl - 0 - - 0 0
ara - 0 — — 50 0

S. noctiflora glc 1850 - - - - - g-G

1) sugars: glc =  glucose; rha =  rham nose; xyl =  xylose and ara  =  arabinose.
2) cpm =  counts per m inute. All tests were at least done in duplicate . T he control value (incuba­
tion stopped at t =  0 with TCA) was 30 cpm. This value has been substracted  from  all values in 
the table. In all tests perform ed no activity was found a t the  7 G +  spot.
3) Symbol used: — =  not determ ined.
4) The activity at the diglycoside spot could be the result o f  m onoglycosides present in the crude 
homogenate; see text for details.
5) An epimerase activity is likely to be present w hich turns U D P -(l4C)-xylose over into 
UDP-[,4C]arabinose.
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Table III. The d istribution  of the dom inant flavone 
glycosylating genes over the six Silene species.

Species g-G g-X gl-A gl-R Fg

S. dioica + + + + +
S. pratensis + - - + +
S. diclinis (+) — (+) — (+)
S. marizii (+) - - (+) (+)
S. heuffelii (+) - - (+) (+)
S. noctiflora (+) — — — —

Symbols used:
+  =  present; — =  absent; (+) =  presence likely, bu t not 
formally proven by crossing experiments.

merase is also active in this species. Table II shows 
that only g-G could be dem onstrated in 5. heuffelii. 
Concerning Fg the sam e problem s occur as in 
S. marizii. Table I indicates that gl-R should be 
present as well, but only a very low activity is found 
at the 6R spot. Here sim ilar explanations could be 
offered for the absence o f a clear gl-R activity as 
have been presented for the lack o f a clear Fg 
activity. S. noctiflora was only tested for a g-G like 
activity as no other spot, w ith the exception o f 7G + , 
has ever been found in this species (M aas, un­
published). The result o f this test is very straigh t­
forward: as expected a very high activity was 
recovered from the 7G  spot.

The results from the Tables I and II can be taken 
together to give Table III: the likely d istribu tion  of 
the six European species o f Silene section Elisanthe. 
The presence o f the genes in S. pratensis and

S. dioica is confirm ed by crossing experim ents [11]. 
The presence o f the genes o f the other species is 
based on the results presented in this paper. It is 
evident from Table III that:

1) g-G is always present in the species o f Silene 
section Elisanthe, g-X  is only present in S. dioica.

2) The alleles o f the g/-locus show a clear d istribu ­
tion am ong the species. gl-A is only present in the 
red flowering species S. dioica and S. diclinis, 
while gl-R is found in four o f the six species 
investigated.

3) Fg is only missing from S. noctiflora.

These data will be useful in reconstructing the 
evolutionary pathways leading to these species [19], 
although other data are needed for this as well. 
Crossing experim ents already have been perform ed 
[2], but m ore work needs to be done on m orpho­
logical and biochem ical characters o f the various 
species. A very prom ising way o f looking at the 
evolutionary pathways will be to isolate and com pare 
the DNA o f the flavone glycosylating genes o f the 
Silene species [19].
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