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Big data in the sex chromosomes of
Silene plants and a fungus acting
as a plant sex chromosome

Naoko Fujita
(Course of Applied Plant Science)

Silene latifolia (Caryophyllaceae) is a dioecious plant that
has long been used for study on sex chromosomes in plants.
The advantage but also disadvantage of S. latifolia as a model
system is the size of the Y chromosome that contains an
extremely large male-specific region (approx. > 500 Mb). This
feature implies that the evolutionary history of sex chromo-
somes remains in the S. latifolia Y chromosome, while the
size makes analyses esoteric. Another advantage is that plants
in the genus Silene show variation in reproductive systems;
most are gynodioecy (females and hermaphrodites), which
is thought of as an evolutionary status before establishment
of dioecy (males and females), with a few hermaphrodites
and dioecy, suggesting that the genus Silene may represent
an epitome of the sex chromosome evolution. Microbotryum
is a biotrophic fungi, whose infection causes masculinization
of the female flower, as if the fungus acts as the Y chromo-
some. Though the underlying molecular mechanisms remain
unknown, recent high-throughput sequence technologies
provide many candidate genes for sex determination in
plants and sex conversion by the fungus. In this article, I
review and introduce studies of the Y chromosome in
S. latifolia plant, the evolution of sex chromosomes in the
genus Silene, the masculinization of female flowers caused
by a fungus infection, and a virus vector that can be used for
genetic analysis of the key genes involved in these processes.

Key Words : Silene latifolia, Microbotryum lychnidis-dioicae,
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Table1
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Early stages of Silene latifolia flower development [Grant et al. (1994) Plant J. 6, 471-480]

Stage

Description

Female and male

1 Apical meristem begins to elongate at 90° to last leaf primordia.

2 Elongated meristem divides into five parts. Center forms first flower, flanked by two lateral inflorescence meristems and two

bracts.
3 Sepal primordia appear.

4 Sepal primordia well-established.

5 Petal and stamen primordia arise. First differences between male and female

Female
Height of undifferentiated fourth whorl is 60% of width.

Five carpel primordia first visible.

Stamens become stalked at base; gynoecium begins elonga-

tion.

8 Gynoecium continues to elongate; first appearance of block to

stamen development.
9 Gynoecium becomes constricted at tip.

10 Gynoecium tube closes and styles grow from carpel tips;
meiosis; ovules become stalked.

11 Stigmata form along inside ridges of styles.

12 Integuments surround ovules.

Male
Height of undifferentiated fourth whorl is 20% of width.
Single gynoecium primordium is first visible.

Stamens become stalked at base; theca form; tapetum initi-
ated.

Stamens become lobed; in theca, interior locule forms with
tapetal tissue.

Pollen mother cells clearly visible.

Meiotic tetrads visible in anthers.

Microspores separate from one another in upper anthers and
lie freely in pollen sac; tapetum degenerates.

Stamen filaments elongate and pollen matures.

Male Specific region of the Y chromosome (MSY) 13,
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Fig.1 The processes of sex chromosome evolution in plants
according to the two-factor model [Charlesworth and
Charlesworth (1978) Am. Nat]. A male sterility mutation
in an initial hermaphrodite ancestor made a gynodioecious
sexual system where females and hermaphrodites co-occur.
One or more female-suppressing SuF mutations created
males and females, dioecy.
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S. nutans

S. fruticosa

S. italica

S. otites

S. pseudotites
S. roemeri

S. saxifraga
S. gallica

S. coronaria
S. fros-cuculi
S. dichotoma
S. wulgaris
b S. pendula

Tl

S. dioica

S. latifolia

S. diclinis

S. conica

S. noctiflora
S. coeli-rosa
S. ameria

S. viscaria

IiF:

S. acaulis ssp. longiscapa
S. acaulis ssp. bryoides

Cucubalus baccifer
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S. latifolia &

Fig.2 Phylogenetic tree of the genus Silene [Figure modified from Desfeux et al. (1996) Proc. Roy. Soc. Lond. B.]. The majority of
species are gynoecium (black letters). Dioecious species (red letters) are found in separate two lineages, suggesting that these
species arose independently. Hermaphrodites (blue letters) likely resulted from reversion.
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DR FIET HIAEFFEEAT T 9 &), D
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Fig. 3

‘Petal-less flower’ caused by an infection with the anther-smut mutant strain Mv537. (A) Healthy male flower with five white

petals and yellowish-white pollens in the anthers. (B) Male flower infected with a wild-type strain exhibiting five white petals
and the anthers filled with black teliospores of the anther-smut. (C) Male flower infected with the mutant strain Mv537 showing
no petal, but the anther filled with the teliospores. (D) Scanning electron micrograph of the Mv537 infected flower whose stamens
consisted of short filaments and the normal sized mature anthers (in purple color). Immature petals (in yellow color) are found
at the base of a bud, showing that the petal-less flower is not resulted from homeotic mutation. Bars = 5 mm. [Fujita et al.

(2012) Int. J. Plant Sci.]
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Fig. 4
vector in S. latifolia buds. (A) FI
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Apple latent spherical virus (ALSV) as a tool for gene functional analysis in flowers of S. latifolia plants. Localization of ALSV
ower bud section stained with 4,6'-diamino-2-phenylindole (DAPI). No morphological changes

found in the floral organs of the infected flower. (B) Tissue localization of wild-type ALSV vector (ALSV-FITC, green signals),

showing that ALSV vector invades the flower buds in S. latifolia plants.

[Fujita et al. (2019) Int. J. Mol. Sci.]
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