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Abstract

Periwinkle [Catharanthus rosens (L) G. Don], an ornamental and medicinal plant, is a self-compatible, insect-pollinated plant
species in which intraflower self-pollination does not occur because of spatial separation of the stigma and anthers. Recently
three self-pollinating strains—M], VI, and OR—were identified. Self-pollination in these strains was found to be brought
about by continuous increase in gynoecium length from anthesis to self-pollination, in contrast to non-self-pollinating
strains, in which the stigma remained below the base of the anthers from anthesis to flower drop. Self-pollination in these
strains was found to be controlled by duplicate, recessive genes. Self-pollination in strains MJ and VI was brought about by
an increase in gynoecium length resulting from an increase in the length of the ovary, while in the strain OR, the increase in
gynoecium length was because of an increase in the length of the style from anthesis to self-pollination. The three strains
were intercrossed to determine the relationship between genes governing self-pollination in these strains. The Fy plants and
all plants of the I, generation of the cross MJ X VI exhibited self-pollination that was brought about by an increase in the
length of the ovary, indicating that the same genes were involved in these two strains. The F; plants of crosses OR X M]J
and OR X VI, exhibited self-pollination that was brought about by an increase in the length of the ovary, indicating that
self-pollination brought about by an increase in the length of the ovary was dominant over self-pollination brought about by
an increase in the length of the style. In the I, and backcross [(OR X MJ) X OR and (OR X VI) X OR] generations, both
self-pollinating and non-self-pollinating plants were observed. The ratio of plants with self-pollination brought about by an
increase in the length of the ovary, non-self-pollinating plants, and plants with self-pollination brought about by an increase
in the length of the style in the F, and backcross generations fit 9:6:1 and 1:2:1 ratios, respectively. All plants of the
backcrosses [(OR X M]) X MJ and (OR X VI) X VI] exhibited self-pollination brought about by an increase in the length
of the ovary. The results thus supported the earlier finding that self-pollination in the studied strains was controlled by
duplicate, recessive genes and suggested that three alleles at two loci determine the occurrence or nonoccurrence of
intraflower self-pollination in periwinkle.

Periwinkle [Catharanthus rosens (L.) G. Don], an ever-
blooming, perennial, tropical plant, detives its economic
importance from the anticancer (vincristine and vinblastine)
and antihypertension (ajmalicine) alkaloids present in its
leaves and roots, tespectively. The small amounts of these
alkaloids in the plant and their high value have led to
extensive work on the production of these alkaloids through
cell and tissue culture, and chemical synthesis (Moteno et al.
1995). Further, periwinkle has been proposed as a model
medicinal plant for genomics and proteomics (Jacobs et al.
2000). It is also grown as an ornamental plant because of
its variously colored flowers and ever-blooming nature. In
spite of its both ornamental and medicinal importance,

very little work has been done on the genetics or breeding of
this plant.

Darwin and Delpino reported long ago that intraflower
self-pollination does not occur in periwinkle and pollination
is provided by insects (Knuth 1909). The corolla of the
normal periwinkle flower is salver-shaped and the stamens
are located in the throat of the corolla tube. The stigmatic
head, with a sticky secretion and a brush of hairs, is below
the anthers and takes up all the pollen as it is shed. The recep-
tive portion is, however, at the base of the stigmatic head and
thus intraflower self-pollination is excluded. Pollination
occurs through nectar-seeking insects which effect pollina-
tion by depositing pollen collected during their visits to
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various plants (Knuth 1909; Rendle 1971). Until recently,
however, periwinkle had been considered as a self-pollinating
species. Studies have now confirmed that intraflower self-
pollination normally does not occur in periwinkle and
pollination is brought about mainly by butterflies (Kulkarni
1999; Sreevalli et al. 2000). Geitonogamy (fertilization
between different flowers of the same plant) and phenotypic
assortative mating for flower color brought about by
pollinating butterflies and the existence of self-pollinating
strains were suggested as possible reasons for considering
periwinkle as a self-pollinated species in early genetic studies
(Kulkarni 1999). Three self-pollinating strains were identified
recently and the mechanism of intraflower self-pollination in
these self-pollinating strains and its mode of inheritance were
reported (Kulkarni et al. 2001).

Intraflower self-pollination in these three self-pollinating
strains was found to be brought about by the continued
increase in the length of the gynoecium beyond the base of
the anthers, resulting in self-pollination, in contrast to the
stigma remaining below the base of the anthers until flower
drop in normal non-self-pollinating strains. This mechanism
of self-pollination in the three self-pollinating strains was
found to be controlled by duplicate, recessive genes (Kulkarni
et al. 2001). However, whether the same or different genes
were involved in self-pollination in these three strains was
not determined. In two of these three self-pollinating strains,
a continued increase in the length of the gynoecium respon-
sible for intraflower self-pollination was found to be because
of an increase in the length of the ovary, while in the third it
was because of an increase in the length of the style. The
relationship between genes governing these two types of
mechanisms responsible for self-pollination and whether
increase in the length of the gynoecium in these strains
occurred until stigma maturation, pollination, or flower drop
were studied.

Materials and Methods

The material studied included three self-pollinating strains of
periwinkle—M], VI, and OR. These strains were procured
from a local dealer in horticultural plants. Self-pollination
and fruit set in these strains occurred in the absence of
pollinators when plants were grown in a greenhouse.

Gynoecium, Style, and Ovary Lengths, and the Height of
Anthers in the Corolla Tube

Ovary, style (including stigma), and gynoecium lengths, and
the height of anther base in the corolla tube in these strains
were measured from anthesis to 2 days after anthesis to
determine whether the growth of gynoecium that was
responsible for intraflower self-pollination in the self-
pollinating strains was brought about by an increase in the
length of the ovary or style, or both.

Stigma Maturity

Matutity of the stigma was determined by pollinating
emasculated flowers with the pollen from the same plant.

The flowers were emasculated 1 day before anthesis and pol-
linated on the same day, or 1, 2, or 3 days after emasculation.

Effect of Emasculation on the Increase in Length of
the Gynoecium

Flowers were emasculated 1 day before anthesis and lengths
of the gynoecium, ovary, and style were measured until 3
days after emasculation to determine whether the increase in
the length of the gynoecium occurred until stigma matu-
ration or flower drop.

Effect of Pollination on the Increase in Length of
the Gynoecium

To determine whether the increase in the length of the
gynoecium occurred until pollination, flowers were emascu-
lated 1 day before anthesis and pollinated on the same day, or
1, 2, or 3 days after emasculation. The length of the
gynoecium before and after pollination was measured.

In all instances, observations were recorded on 30
flowers.

Relationship Between Genes Governing Self-Pollination

The three strains were intercrossed to determine whether the
same or different genes governed the mechanism responsible
for self-pollination in these strains. Plants of the Fy, F,, and
backcross generations were raised in a greenhouse and
scored for the occutrence of self-pollination (as inferred
from the formation of fruits and seeds). In the strain OR,
fruit growth could be seen only 3—4 days after shedding of
the corolla (Figure 1). In this strain, an increase in the length
of the gynoecium responsible for self-pollination was
brought about by an increase in the length of the style.
Plants of segregating generations showing fruit formation
only after shedding of the corolla, as in the strain OR, were
scored as exhibiting an S-type mechanism of self-pollination.
In strains MJ and VI, an increase in the length of the
gynoecium responsible for self-pollination was because of an
increase in the length of the ovaty, and fruit growth could be
observed within the corolla tube. The corolla and the corolla
tube remained adhered to the fruit almost until complete
development of the fruit (Figure 2). Plants of segregating
generations showing fruit formation with corolla tubes
adhering to the fruit, as in strains MJ] and VI, were scored as
exhibiting an O-type mechanism of self-pollination. Gynoe-
cium, ovary, and style lengths of flowers of 10 random plants
from each of the three types of plants (self-pollinating O
type, self-pollinating S type, and non-self-pollinating) of the
I, generation of the crosses OR X MJ and OR X VI were
measured on the day of anthesis and 2 days later.

Results

Gynoecium, Style, and Ovary Lengths, and the Height of
the Anthers in the Corolla Tube

On the day of anthesis, the gynoecium length and the height
of the anthers in the corolla tube ranged from 22.7 mm to



Figure |. Fruit formation in the strain OR after shedding
of the corolla.

24.0 mm and from 21.8 mm to 23.3 mm, respectively, in the
studied strains (Table 1). The height of the stigma in the
corolla tube was 0.5 to 0.9 mm above the base of the anthers
on the day of anthesis, while it was 1.4 to 2.0 mm above the
base of the anthers on the day of self-pollination in the three
studied self-pollinating strains (Table 1). The increase in the
gynoecium length from anthesis to the day of self-pollination
was mainly because of an increase in the length of the style in
the strain OR (Table 1), while it was due to an increase in the
length of the ovaty in strains MJ and VI (Table 1).

Stigma Maturity

In all three strains, the stigma was receptive from 1 day
before anthesis to 2 days after anthesis and 100% fruit set
was obtained on all 4 days of pollination (i.e., —1, 0, 1, and 2
days after anthesis). Thus the stigma was receptive at all
stages of gynoecium growth in the corolla tube.

Effect of Emasculation on Gynoecium Length Increase

Flowers were emasculated 1 day before anthesis and
gynoecium lengths were measured on different days after
emasculation. For all three strains, gynoecium lengths of
emasculated flowers were greater than those of nonemascu-
lated flowers, on all 3 days after emasculation (Table 2).
Among the three strains, the differences between the length
of the gynoecium of emasculated and nonemasculated
flowers was largest in the strain OR.

Effect of Pollination on Gynoecium Length Increase

The effect of pollination was studied by emasculating the
flowers 1 day before anthesis and pollinating them on
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Figure 2. Fruit formation with corolla tubes adhering to
the fruits in the strain, M]J.

different days after emasculation. In the strain OR, no
increase in the length of the gynoecium was observed after
pollination, irrespective of the day of pollination. The styles
withered and dropped 3 to 4 days after pollination, as in
normal nonemasculated flowers. In strains MJ and VI,
however, the gynoecium continued to grow after pollination,
as in the nonemasculated flowers of these strains.

Relationship Between Genes Governing Self-Pollination

The F; plants of all three crosses—OR X MJ, OR X VI,
and M] X VI—showed the occurrence of intraflower
self-pollination, suggesting that the same genes might be
responsible for intraflower self-pollination. However, self-
pollination in the F; plants of these crosses was of the O type
(i.e., an increase in the length of the ovary was responsible for
self-pollination similar to strains MJ] and VI) (Table 1). This
suggested that the O-type mechanism of self-pollination was
dominant over the S-type mechanism of self-pollination,
where an increase in the length of the style was tesponsible
for self-pollination (as in strain OR). The O-type mechanism
operating in the Fy plants was also indicated by the corolla
tube adhering to the fruit wall on fruits of these plants.

In the F, generations of OR X MJ and OR X VI, both
self-pollinating and non-self-pollinating plants were ob-
served. The self-pollinating plants could be further differen-
tiated into O and S types. Observations recorded on
gynoecium, style, and ovary lengths of three kinds of plants
(self-pollinating O type, self-pollinating S type, and non-self-
pollinating) of the F, generation confirmed that self-
pollination in the O- and S-type self-pollinating plants was
brought about by an increase in the length of the ovary and
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Table I. Mecan (* standard error) values of some floral traits of self-pollinating strains OR, MJ, and VI of periwinkle and their F;s”
Trait OR M| Vi Fi (OR x M)) F, (OR X VI)
Gynoecium, style, and ovary lengths (mm) on the day of anthesis
Gynoecium 227 £ 0.1 227 £ 0.1 240 = 0.2 242 =03 243 = 0.2
Style 20.7 = 0.1 20.0 £ 0.1 21.1 £ 02 215+ 0.3 214 £ 02
Ovary 2.0 £ 0.0 2.7 0.0 29 £ 0.0 2.7 0.0 29 £ 0.0
Height of anther base (mm) in corolla tube on the day of anthesis

222 = 0.1 21.8 = 0.1 233 * 02 233+ 03 235 * 01
Height of stigma (mm) above the anther base on the day of anthesis

0.5 = 0.0 0.9 = 0.0 0.7 £ 0.1 0.9 = 0.0 0.8 = 0.1
Mean gynoecium, style and ovary lengths (mm) on the day of self pollination
Gynoecium 23.8 = 0.1 (1.1)" 233 = 0.2 (0.6) 259 = 0.2 (1.9) 25.0 = 0.1 (0.8) 259 = 0.2 (1.6)
Style 21.8 = 0.1 (1.1) 20.0 % 0.2 (0.0) 212 + 0.2 (0.1) 21.5 * 0.1 (0.0) 21.4 * 0.2 (0.0)
Ovary 2.0 = 0.0 (0.0 3.3 £ 0.0 (0.6) 47 = 0.0 (1.8) 3.5 = 0.0 (0.8) 4.5 = 0.0 (1.6)
Mean height of anther base (mm) in the corolla tube on the day of self-pollination

224 * 0.1 219 £ 0.1 239 £ 09 234 £ 02 23.6 £ 0.1
Mean height of the stigma (mm) above anther base on the day of self-pollination

1.4 = 0.1 (0.9 1.4 = 0.1 (0.5 2.0 = 0.1 (1.3) 1.6 £ 0.1 (0.7) 2.3 = 0.1 (1.5)

“ Observations were not recorded for F; plants of the cross MJ X VI since in both strains, self-pollination was brought about by an increase in the length of

the ovary, which was clearly evident from the corolla tubes adhering to the fruits on plants of these strains and their Fys.

” Values in parentheses show increases in the length/height as compared with their respective values on the day of anthesis.

style, respectively, while in the non-self-pollinating plants,
there was no increase in the length of the gynoecium (relative
to the height of the anther base) from anthesis to flower drop
(Table 3). The observed ratio of O (self-pollinating) to non-
self-pollinating to S (self-pollinating) plants fit a ratio of 9:6:1
(Table 4). The ratio of these three kinds of plants in
backcrosses, (OR X M]J) X OR, and (OR X VI) X OR fit
a ratio of 1:2:1 (Table 4). All plants of backcrosses, F; X M]J,
and F; X VI were self-pollinating and exhibited the O-type
self-pollinating mechanism. All plants of the I, generation of
the cross M] X VI exhibited the O-type self-pollination
mechanism, like the parental plants.

Discussion

In two of the three self-pollinating strains used in the present
study, an increase in the gynoecium length that resulted in self-
pollination occutred because of an increase in the length of the
ovary, while in one of them it occurred because of an increase
in the length of the style. In non-self-pollinating plants, the
stigma remains below the base of the anthers until flower drop
(Kulkarni etal. 2001). Thus this variation in the floral structure
of self-pollinating and non-self-pollinating strains of periwin-
kle resembles heteromorphy (the coexistence of two or three
genetically controlled hermaphrodite floral types in a popula-
tion). Heteromorphy is detected in several families and genera
(see Richards 1997). Although heteromorphism may be
expressed in a variety of morphological features, it is most
cleatly, but not necessarily manifested as heterostyly (i.e., the
coexistence of genetically controlled hermaphrodite floral
types with different style lengths, and usually with reciprocal

anther positions) (Frankel and Galun 1977). Most hetero-
stylous species are self-incompatible, but self-compatible
heterostylous species are also found (Richards 1997). In
periwinkle, the normal non-self-pollinating plants are self-
compatible.

Generally heterostyly is closely associated with perennial,
often herbaceous plants with long, fused corolla tubes.
Although the floral structure in periwinkle suggests the
possible existence of heteromorphy, no heteromorphy has
been reported. Further, heteromorphy is evident from the
gynoecium lengths of self- and non-self-pollinating strains of
periwinkle, but there is no heteromorphy for anther position.
According to Al Wadi and Richards (1993), anther position
monomorphy and self-compatibility may represent an
intermediate condition in the evolution of full distyly.

Richards (1997) listed eight species of self-compatible
diploid species of Primula L. with various degrees of
heteromorphy. In  Primula  floribunda Wall., low-altitude
populations are distylous and show entomophily (pollination
by insects), while those at higher altitudes are homostylous
and show automatic self-pollination. At lower altitudes
where insect activity is more prevalent, reciprocal herkogamy
(separation of anthers and stigma in space within a flower in
such a way that self-pollination cannot occur in the absence
of an insect visit) has been favored, while at higher altitudes,
absence of insects has led to selection for automatic self-
pollination. Periwinkle is a tropical plant and has been
classified as an insect-pollinated species (Knuth 1909).
However, in genetic studies, this plant has been treated as
a self-pollinated species and some of these have been catried
out in temperate countries. Apart from the reasons given
carlier (Kulkarni 1999; Kulkarni et al. 2001), it is possible that
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Table 2. Effect of emasculation on the lengths of the ovary, style, and gynoecium (in millimeters) in self-pollinating strains

OR, MJ, and VI of periwinkle

OR M) \
Ovary Style Gynoecium  Ovary Style Gynoecium  Ovary Style Gynoecium
Emasculated flowers”
Days after anthesis
-1 20=*x00 207=*00 227 =*01 25*+00 200=*02 225*02 29*00 21.1*02 240 %02
0 20*+00 221*03 24103 27=*00 200=*x05 227=*05 31x00 21.1*02 242*02
1 2000 232*03 252*03 31*x00 200*x03 231*03 42*x01 21.1*02 253=*03
2 2000 236=*03 256=*03 38*00 201*04 239*04 53*00 21.1=*03 264=*03
Nonemasculated flowers
Days after anthesis
-1 20=*x00 207=*00 227 =*01 25*+00 200=*02 225*02 29*00 21.1*02 240*x02
0 2000 207=*03 227=*03 25*00 200*01 225*01 29*00 21.1=*02 240=*02
1 2000 21.6=*01 236=*01 28 00 20.0=*01 228 =*01 38200 211 %02 249 %02
2 2000 218=*01 238=*02 34*£00 200x02 234*02 47*00 212*02 259=*02

“ Flowers were emasculated 1 day befote anthesis.

strains used in these studies may have originated in these
regions due to selection for autogamy under low-tempera-
ture conditions and may have evolved as self-pollinated
strains. The strains used in our studies may have been pro-
cured from these regions by the dealer in horticultural plants
from whom they were obtained by us. Alternatively, these
strains could have been bred for automatic self-pollination to
facilitate seed production and varietal maintenance. Seed

Table 3.
OR X VI of periwinkle

production in normal strains of periwinkle depends on
pollinating butterflies which produce high levels of cross-
pollination and whose prevalence is seasonal (Kulkarni
1999). Seed collection is further rendered difficult by seed
shedding due to fruit shattering.

In Amsinckia, all species are self-compatible and distyly is
controlled by a single locus with two alleles, Sand s (Ganders
1975). However, according to Richards (1997), heterostyly in

Mean (% standard error) values of some floral traits of three phenotypic classes of the F, generation of OR X M]J and

Phenotypic classes

Trait F2(O type)° F2 (NS type) F, ('S’ type)
Gynoecium, style and ovary lengths (mm) on the day of anthesis
Gynoecium 247 = 0.1 244 * 0.2 234 * 0.1
Style 21.8 £ 0.1 21.8 £ 0.2 214 £ 0.1
Ovaty 29 £ 0.0 2.6 £0.0 20 £ 0.0
Height of anther base (mm) in corolla tube on the day of anthesis

238 * 0.1 237 £ 0.2 227 * 01
Height of stigma (mm) above the anther base on the day of anthesis

0.9 = 0.0 0.7 £ 0.1 0.7 £ 0.1
Mean gynoecium, style and ovary lengths (mm) on the day of self-pollination”
Gynoecium 26.1 £ 0.1 1.4)° 24.6 = 0.2 (0.2) 242 * 0.1 (0.8)
Style 21.8 = 0.1 (0.0) 21.8 = 0.2 (0.0) 22.2 = 0.1 (0.8)
Ovary 43 £ 0.0 (1.4 2.8 £ 0.0 (0.2 2.0 £ 0.0 (0.0
Mean height of anther base (mm) in the corolla tube on the day of self-pollination

239 * 0.1 239 £ 0.2 227+ 02
Mean height of the stigma (mm) above anther base on the day of self-pollination

22+ 01 (1.3) 0.7 £ 0.1 (0.0 1.5 = 0.1 (0.8)

" O type = plants exhibiting self-pollination because of an increase in gynoecium length occurring because of an increase in ovary length. S type = plants

exhibiting self-pollination because of an increase in gynoecium length occurring because of an increase in style length. NS type = non-self-pollinating

plants.

¥ Observations on non-self-pollinating plants were recorded 2 days after anthesis, as self-pollination generally occurred 2 days after anthesis in parental strains

and in O- and S-type self-pollinating plants of the F, generation.

‘ Values in parentheses show increases in length/height as compared with their respective values on the day of anthesis.
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Table 4. Segregation in the F, and backcross generations of crosses between self-pollinating strains, MJ and VI, both with O-type

mechanism of self-pollination, and strain OR, with the S-type mechanism of self-pollination

Number of plants Phenotype

Generations O type NS type S type Total Expected ratio sz P
F,
OR X MJ 132 73 14 219 9:6:1 1.642 440
OR XVI 37 34 3 74 9:6:1 2.446 294
Total 169 107 17 293 9:6:1 0.275 .871
Backcross
(OR X MJ) X OR 8 14 10 32 1:2:1 0.750 .687
(OR X VI) X OR 6 8 4 18 1:2:1 0.666 717
Total 14 22 14 50 1:2:1 0.720 .698

“ O type = plants exhibiting self-pollination because of an increase in gynoecium length occurring because of an increase in ovary length. S type = plants
exhibiting self-pollination because of an increase in gynoecium length occurring because of an increase in the style length. NS type = non-self-pollinating plants.

Amsinckia is probably under polygenic control. In Mimulns
ringens L., a bumblebee-pollinated perennial herb with a mixed
mating system, outcrossing rate and anther-stigma separation
(the difference between pistil length and stamen height) were
found to be positively correlated (0.68) with broad-sense
heritabilities of 0.37 and 0.88, respectively (Karron et al
1997). Similatly, anther-stigma separation and autogamy in
a population of Mimulus guttatus DC had broad-sense
heritabilities of 0.72 and 0.45, respectively; however, the
correlation between these traits was low and nonsignificant
(Carr and Fenster 1994). Tristyly (a heteromorphic hetero-
stylus condition in which short-styled, mid-styled, and long-
styled morphs with reciprocal anther positions coexist) in
Lythrum juncenm Bank and Sol., is controlled by epistatic
interaction between two independent genes . and M, each
with two alleles (Frankel and Galun 1977). In Primula L., an
extensively studied heterostyly system, the heterostyly
supergene S consists of six closely linked loci—G, S, s, Ip,
P, and A—that control style length, stigmatic surface, stylar
incompatibility, pollen incompatibility, pollen size, and anther
height, respectively (de Nettancourt 2001). It is responsible
for only about 0.005 of the length of the S chromosome, and
therefore recombinants within the supergene appear to be
sufficiently unusual (Richards 1997).

Moore and Lewis (1965) reported that an increase in style
length and the timing of stigma maturation differentiated
selfers from nonselfers in Clarkia xantiana Gray. Early
maturation of the stigma, such that it is receptive when it is
level with the dehiscing anthers, brought about self-
pollination in self-pollinating types. Segregation for selfing
and nonselfing in the F, generation of crosses involving
selfers and nonselfers showed a close fit to a monohybrid
ratio, with selfing being recessive to nonselfing. However,
style length and time of stigma maturation showed con-
tinuous variation without separation into any discrete classes.
In periwinkle, autogamy brought about an increase in the
length of the gynoecium in self-pollinating strains was found
to be controlled by duplicate genes, which were recessive to
the wild type (i.e., nonautogamy) (Kulkarni et al. 2001). The
results of the present study revealed that two different alleles
at each of these two loci controlled style and ovary length,

and alleles governing ovary growth wete dominant over
those governing style growth. Thus three alleles at two loci
appear to control autogamy/allogamy in periwinkle. Gene
symbols SPy, SP,, sp°y, sp°a, sp’1, and sp°, are proposed for
genes governing the absence of self-pollination (SP;, SPy),
self-pollination brought about by increase in ovary length
(sp°1, sp°), and style length (sp®; and sp‘,), respectively.
Although a vast literature exists on allelic genes governing
self-incompatibility/compatibility in plants (Frankel and
Galun 1977; de Nettancourt 2001), there seems to be no
report on similar alleles promoting self-pollination in cross-
pollinating plant species.

Measurements made of ovary, style, and gynoecium
lengths of Iy and three groups of F; plants (namely O type,
non-self-pollinating, and S type) revealed that an increase in
ovary length was responsible for an increase in the gynoecium
length in the Fy and the O-type plants of the F, generation,
while an increase in style length was responsible for an
increase in gynoecium length in the S-type plants of the F,
generation. There was no increase in gynoecium length after
anthesis in the non-self-pollinating group of plants of the F,
generation. The allelic relationship between genes governing
ovary and style growth, and that self-pollination was governed
by duplicate genes, was also evident from the expression of
one of the parental phenotypes (self-pollination occurring
because of an increase in the length of the ovary) in the Ty
generation and 9:6:1 and 1:2:1 ratios observed in the I, and
test-cross generations, respectively.

In C. xantiana Gray, automatic self-pollination was found
to be controlled by a single recessive gene. However, self-
pollinating plants differed from non-self-pollinating plants
for two seemingly different traits, shorter style and eatly
maturing stigma. Since only a single gene differentiated
selfers from nonselfers, Moore and Lewis (1965) proposed
that the same gene may determine both stigma maturation
and style elongation since they are developmentally related.
However, in the present study, gynoecium length continued
to increase until pollination, although the stigma was
receptive 1 day before anthesis. Thus a single trait, an
increase in gynoecium length, was governed by two genes.
The self-pollinating strains of periwinkle, MJ and VI, on the



one hand, and OR, on the other, may have originated from
non-self-pollinating strains through independent mutations
at different sites in these two genes, leading to self-pollination
occurring because of an increase in the length of the ovary
and style, respectively.

According to Stebbins (1957), self-pollinating races or
species occur widely throughout the angiosperms, and there
seems little doubt that they have been derived from
outcrossing relatives. Self-pollinating plants of periwinkle
have, however, not become common in nature, despite their
reproductive advantage, due to nondependence on pollina-
tors as compared with normal non-self-pollinating plants. In
the studied self-pollinating strains, anther dehiscence and self-
pollination occurred only 1 to 2 days after anthesis (Kulkarni
et al. 2001). Therefore intraflower self-pollination occurring
in these strains does not completely exclude outcrossing in
the presence of pollinators leading to varying levels of cross-
pollination. Genetic control of self-pollination by duplicate,
recessive genes and the need for self-pollination would further
reduce the frequency of self-pollinating plants in the progeny
of self-pollinating plants. The self-pollinating strains were
found to be highly susceptible to dieback, a devastating
disease of periwinkle in the rainy season (Kulkarni and
Baskaran 2003; Kulkarni and Ravindra 1988). Self-pollinating
plants can be identified only in the absence of pollinators. All
these reasons seem to explain why self-pollinating plants have
not been observed commonly in natural populations.
However, genetic control of the kind of pollination (self or
cross) in periwinkle provides opportunities for the devel-
opment of both pureline and hybrid cultivars, depending on
the nature of the gene action governing the traits of interest.

Acknowledgments

Financial support to Y. Sreevalli from the Karnataka State Council for
Science and Technology, Bangalore, India, is gratefully acknowledged.

References

Al Wadi H and Richards AJ, 1993. Primary homostyly in Primula L.
subgenus Sphondylia (Duby) Rupr. and the evolution of distyly in Primula.
New Phytol 124:329-338.

Kulkarni et al. * Intraflower Self-Pollination in Periwinkle

Catr ED and Fenster CB, 1994. Levels of genetic variation and covariation
for Mimulus (Scrophulariaceae) floral traits. Heredity 72:606—618.

de Nettancourt D, 2001. Incompatibility and incongruity in wild and
cultivated plants. Berlin: Springer-Verlag.

Frankel R and Galun E, 1977. Pollination mechanisms, reproduction and
plant breeding. Betlin: Springer-Verlag.

Ganders FR, 1975. Mating patterns in self-incompatible distylous popu-
lations of Amsinckia (Boraginaceae). Can J Bot 53:773-779.

Jacobs DI, van der Heijden R, and Verpoorte R, 2000. Proteomics in plant
biotechnology and secondary metabolism tesearch. Phytochem Anal 11:
277-287.

Karron JD, Jackson RT, Thumser NN, and Schlicht SL, 1997. Outcrossing
rates of individual Mimulus ringens genets ate correlated with anther-stigma

separation. Heredity 79:365-370.

Knuth R, 1909. Handbook of flower pollination, vol. III. Oxford:
Clarendon Press.

Kulkarni RN, 1999. Evidence for phenotypic assortative mating for flower
colour in periwinkle. Plant Breed 118:561-564.

Kulkarni RN and Baskaran S, 2003. Inhetitance of resistance to Pyrbinm
dieback in the medicinal plant, periwinkle. Plant Breed 122:184-187.

Kulkarni RN and Ravindra NS, 1988. Resistance to Pythium aphanidermatum
in diploids and induced autotetraploids of Catharanthus roseus. Plant Med
54:356-359.

Kulkarni RN, Sreevalli Y, Baskaran K, and Kumat S, 2001. The mechanism
and inheritance of intra-flower self-pollination in self-pollinating variant
strains of periwinkle. Plant Breed 120:247-250.

Moore DM and Lewis H, 1965. The evolution of self-pollination in Clarkia
xantiana. Evolution 19:104-114.

Moreno PRH, van der Heijden R, and Verpoorte R, 1995. Cell and tissue
cultures of Catharanthus rosens. A literature survey. Updating from 1988 to
1993. Plant Cell Tiss Org Cult 42:1-25.

Rendle AB, 1971. The classification of flowering plants II. Cambridge:
Cambridge University Press.

Richards AJ, 1997. Plant breeding systems. London: Chapman & Hall.

Streevalli Y, Baskaran K, Kulkarni RN, and Kumar S, 2000. Further
evidence for the absence of automatic and intra-flower self-pollination in
periwinkle. Curr Sci 79:1648-1649.

Stebbins CL, 1957. Self fertilization and population variability in higher
plants. Am Nat 91:337-354.

Received October 6, 2003
Accepted July 2, 2004

Corresponding Editor: J. Perry Gustafson



