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Abstract

Flowers of the Fritillaria japonica complex consisting of seven closely related species were ana-
tomically compared, Cross or longitudinal sections of eighteen parts of five kinds of organs, such as
outer and inner tepal, stamen, pistil and peduncle were made, and eighteen characters were se-
lected as criteria to elucidate the specific differences. It is evident that two groups (M-type and E-
type) exist within F. japonice. From correlatien of character of stamen, similarity was found be-
tween F. koidzumiana and F. joponica M-type, and among F. shikokiana, F. amabilis and F. ayak-
oana. On character of pistil, there was a similarity among F. kaiensis, F. koidzumiane and F. ja-
ponica M-type, between F. juponica E-type and F. muraicne, and among F. shikokigna, F.
amabilis and F. ayakoana. These similarities among species do not always support perfectly outer
morphological and cytological data, but anatomical data support the outer morphological ones.

Key words : anatomy, flower, Fritillaria, Liliaceae, morphology.

The Fritillaria japonica complex (Liliaceae -
Fritillaria - Sect. Fritillaria) which is endemic to
the Japanese Islands, cohsists of the following
seven species. Fritillaria koidzumiana QOhwi
with the widest range of distribution, distributed
in the Japan Sea side from Yamagata Prefecture
to Ishikawa Prefecture, and also occurring
partly in Gifu and Shizuoka Prefecture in the
Pacific Sea side;
Yamanashi Prefecture and the immediate neigh-

F. kaiensis Naruhashi in

boring area; F. japonica Miquel distributed in
Fukui Prefecture, Tokai District and further to
Okayama Prefecture; F. muraiana Ohwi being
endemic to Shikoku; F. shikekiana Naruhashi
distributed in Shikoku and middle of Kyushu;
F. amabilis Koidzumi occurring from Chugoku
Distriet to northern Kyushu; and F. ayakoana
Maruyama et Naruhashi with limited distribu-
tion in Shimane Prefecture (Naruhashi 1978,

1979).

Furthermore, the F. japonica complex is be-
lieved to be a monophyletic group, because of ex-
tensive similarity in habitat and life cycle as
well as in outer morphological characters. This
belief is also cytologically supported strongly by
the chservation of achiasmate meiosis in PMC
{Noda 1975 and unpublished data). This group
shows specific differentiations only in flowers as
remarkable morphological features. Therefore,
taxonomy of the group has been based on the
outer morphological characters of the flower.
The F. jeponica complex is also cytologically di-
vided into two groups with the basic chromo-
some numbers x=11 and x=12 (Noda 1964, 1968,
1975}, Moreover, there is some inconsistency in
relationships determined by using morphological
data and cytological ones (Naruhashi and Noda
1971 ; Noda and Naruhashi 1971, 1988).
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Table 1. Locality of materials

Fritillaria amabilis

Hyogo-ken : Shiso-gun (Yasutomi-cho)., Okayama-ken : Niimi-shi{Himehara). Hiroshima-ken : Fuchu-
shi (Ishigaki ; Kanan-cho). Yamaguchi-ken : Kuga-gun, (Ookomaru). Fukuoka-ken : Itoshima-gun (Mi-
zunashi) , Tagawa-gun (Hikosan) , Yame-gun (Kumawatariyama). Saga-ken: Fujitsu-gun (Taradake).
Oita-ken : Oita-gun(Kuramoto)

F.ayakoana
Shimane-ken : Hikawa-gun{Tanbe), Oota-shi(Ooetakayama), Oochi-gun(Kawamoto-cho)

F. camischatcensis”
F. imperialis*

F. kaiensis
Yamanashi-ken : Minami-koma-gun{Sano-toge ; Nishiyama). Shizuoka-ken : Fujimiya-shi (Numakubo)

F. kotdzumiana

Yamagata-ken : Nishi-tagawa-gun (Nezugaseki ; Tozawa) , Tsuruoka-shi {Nakabato). Fukushima-ken:
Oonuma-gun (Nihongi) , Minami-aizu-gun{Gamon), Niigata-ken : Iwafune-gun(Yuzawa) , Kita-kanbara-
gun (Shimoakatani) , Gosen-shi{Sakihana-onsen) , Kamo-shi (Kuromizu) , Naka-kanbara-gun (Muramatsu-
¢ho: Yahiko) , Kariba-gun {Oguni-cho) , Ojiya-shi (Yamadera) , Kashiwazaki-shi (Kujiranami) , Naka-
kubiki-gun (Kawabukuro ; Houhime-jinja) , Nishi-kubiki-gun (Hakusan-jinja ; Kurohimeyama). Toyama-
ken: Shimo-niikawa-gun (Ogawa-onsen; Hanyu; Aimoto; Unazuki; Otozawa; Unazuki-suki-jo;
Yamahikobashi) , Kurobe-shi (Fukundaira) , Uozu-shi (Katakai) , Naka-niikawa-gun (Iori; Banbajima ;
Ishibuchi) , Kami-niikawa-gun (Flongu} , Nei-gun (Shitanomyo ; Naka ; Shimosasahara ; Nishikumisaka ;
Ryoshigahara ; Akamedani ; Tani) , Higashi-tonami-gun (Minotani ; Kawakaminakashin) , Nishi-tonami-
gun(Tori) . Ishikawa-ken: Kanazawa-shi (Iozen; Kurokabe) , Ishikawa-gun (Utsuo) . Gifu-ken: Gujo-
gun, Hachiman-cho(Kokunii; Tajiri), Shizuoka-ken: Yaizu-shi (Takakusayama). Yamanashi-ken:
Higashi-yashiro-gun (Nakamichi-che)

F. japonica E-type
Fukui-ken : Fukui-shi{Otoshi-cho ; Fukatani) , Takefu-shi(Yasudo-cho), Asuwa-gun{Shimoyoshiyama),
Nanjo-gun (Kawano-mura ; Sugiyama) , Niyu-gun (Rokuroshi) . Okayama-ken: Aida-gun (Fukumoto)

F. japonica M-type
Gifu-ken : Gujo-gun(Kokumi), Ibi-gun(Nakanasatsu). Mie-ken: Inbe-gun(Fujiwara-dake). Okayama-
ken: Ontsu-gun(Kanbara; Komori)

F. meleagris*

F. muraiana
Kagawa-ken: Kida-gun(Hinokio). Tokushima-ken: Miyoshi-gun(Ochiai-toge), Oe-gun(Takakoshi-
yama) , Mima-gun(Otakiyama). Ehime-ken: Onsen-gun(Saragamine)

F, shikokiana

Tokushima-ken: Miyoshi-gun (Unpenji). Kochi-ken: Takaoka-gun (Nanokawa), Nagacka-gun (Kaji-
gamori) . Kumamoto-ken : Aso-gun {Kuishi) , Kami-mashiki-gun (Sunoko) , Yatsushiro-gun (Matashi-
dani)

F. verticillata®

*from cultivation in the nursery of Toyama University,
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In order to conceive the natural relationship
in the group, we studied the flower anatomy of
the seven species and discuss in the following
our results with other data.

Materials and Methods

Flowers of the seven species of the Fritillaria
Japonica complex were fixed in FAA solution in
the field and at the nursery of Toyama Univer-
sity and then used for study. Localities and data
of these samples are shown in Table 1.

In order to compare the four species belonging
to different sections, ie., F. camischatcensis
(L.) Ker-Gawl. (Sect. Liliorkiza in Turrill and
Sealy 1980) ; F. imperialis L. (Sect. Petilium) |
F. meleagris L. (Sect. Fritillaria) ; and F. ver-
ticillata Will. (Sect. Fritillaria) are also used.

By the middle of the present investigation, us-
ing the many anatomical differences noticed, the
gpecies in F. japonica complex could be divided
into two groups, named M—-type and E-type.

After thorough studies of the flowers by using
binoculars, cross sections of eighteen floral
parts : peduncle, ovary, middle of style, dividing
portion of style, stigma, filament, anther, apex of
anther, basal part of outer tepal, basal part of
nectary of outer tepal, upper part of nectary of
outer tepal, upper part of outer tepal, apex of
outer tepal, and five portions of inner tepal as
well as outer tepal, were made and their anat-

omy was studied by using a microscope (Fig. 1).

The sections were stained by Heidenhain’s hae-
matoxylin.

Results

In the anatomical characters studied, all seven
species of the Fritillaria japonica complex ap-
pear to be histologically uniform. However,
quantitative difference of tissue and qualitative
difference of cell are found by detailed observa-
tions. And no qualitative differences are found
between flowers from original habitats and culti-
vations in the nursery.

No infraspecific variation is observed in the
four species, F. hkaiensis, F. muraiana, F.
amabilis and F. ayakoana. Contrary to this, re-
markable differences were found between M and
E groups of F, japonica. On the surface of upper
part of nectary of tepal in F. koidzumiana plants

A B C D
!

Fig. 1. The eighteen flower parts used for observa-
tion,
A, pistil and peduncle; B, stamen; C, outer te-
pal; D, inner tepal (a, upper part; b, upper part
of nectary; ¢, basal part of nectary; d, basal
part).

Fig. 3. Cross sections at different points of inner te-
pal in F. koidzumiana.
a, upper part; b, upper part of nectary; ¢, basal
part of nectary; d, basal part (arrow, nectary;
bar, 0.4 mm).

from Tohoku District, long nipple-shaped cells
are observed, while short nipple-shaped cells are
seen in the plants from Ishikawa Prefecture,
and especially almost no nipple-shaped cells
could be found in the plants from Taka-
kusayama, Shizuoka Prefecture. In F. shik-
okiana, the degree of connation of upper part of

_3_
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Fig. 3. Cross section at upper part of nectary of inner tepal.
A, F. kaiensis: B, F. japonica M-type; C, F. japonica E-type; D, F. muraione ; E, F. shikokiana ; F, F.
amabilis ; G, F. ayakoana (bar, 0.4 mm),
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style varies in the materials from Shikoku and
Kyushu.

The 18 peints used as differential characters
on four organs are as follows (Fig. 1).

Perianth

Flowers of the group are solitary and nodding.
The perianth consists of three outer tepals and
three inner tepals. Tepals are nectariferous.
Anatomical differences except for partial quanti-
tative differences between outer and inner te-
pals were not detected among eleven species.
Therefore, inner tepals are used for present ex-
planation and illustration as comparison. Tepals
consist of epidermis, parenchyma and vascular
tissue. Nectary is found on surface of adaxial
side in the center of tepal.

Half cross sections of four portions of inner te-
pals in F. koidzumiana are illustrated in Fig. 2.
In this species, there are slender emergencies
surrounding the nectary on the adaxial side, and
small emergencies on the abaxial side too. On
the surface of upper part of nectary, nipple-
shaped cells are scattered and small veins with
a main vein under nectary is present. Upper
part of nectary in cross section is more compli-
cated than other part of tepal. Therefore this
portion was compared among six species in Fig.
3.

Surface of both sides of tepal in F. kaiensis, F.
amabilis and F. ayakoana is smooth except for
nectary. In both M-and E-types of F. japonica,
F. muraiana and F. shikokiana, on surface of
abaxial side protrusions containing semi-
globular cells are present. The surface of nectary
consists of nipple-shaped papillae in F. kaiensis
and F. jeponica E-type. These nipple-shaped pa-
pillae particularly surround the nectary in F. ja-
ponica M-type. In F. ayakoana, there are long
processes consisting of two cells in the nectary.
Under the nectary no veins are present except
for a main vein in only F. shikokiana. Nectary of
F, Japonica M-type shows conspicuous hollow
and nectary gland of F. muraiana, F. shikokiana
and F. amabilis is like palisade tissue on the
surface. The nipple-shaped cells and long proc-
esses of two cells on or surrounding the nectary
are not observed in the four species taken for
comparison except for the F. japonica complex.

According to the cell-type they show, the sur-

face of apex of tepal are divided into four types ;
campanulate shaped cell, nipple-shaped cell,
round head of two cells and process of two cells.
Though apex of inner and outer tepals look al-
most the same, outer tepals show more remark-
able features (Fig. 4).
Stamen

Six stamens are inserted on the base and in
front of the tepals. Filaments are slender and
basifixed anthers are oblong. Cross section of
filaments shows usually elliptical shape. Fila-
ment of F. koidzumiana consisting of large pa-
renchymatous cells and many intercellular
spaces is larger than that of F. amabilis and F.
ayakoana. Filaments usually consist of epider-
mis, parenchyma and single vaseular bundle, In
epidermis of filament, three types of cell to-
gether with common epidermal cells are distin-
guishable, namely short nipple-shaped cell, long
nipple-shaped cell, and process of two cells (Fig.
5). Among them, long nipple-shaped cells are
found in F. japonica E-type, F. shikokiana and

Fig. 4. Longitudinal section of apex of outer tepal
(radial plane).
A, F. kaiensis; B, F. hoidzumiana; C, F. mu-
ratana ; D, F. ayakoana {(bar, 0.25 mm).

Fig. 5. Cross section of filament,.
A, F. muraiana ; B, F. amabilis; C, F, ayakoana
(bar, 0.3 mm).

.—.5_
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Fig. 6. Cross section of dehiscent anther,
A, F. hoidzumiana ; B, F. amabilis (bar, 0.5 mm).

Fig. 7. Longitudinal section of apex of anther (radial
plane).
A, F. hoidzumiana; B, F. ayakoana (bar, 0.25
mm).

F. amabilis. Process of two cells is found in F.
ayakoana.

Anther size of F. koidzumiane is the largest in
the F. japonica complex. Anther locule is en-
closed by two layers with and without nipple-
shaped cells {Fig. 6). The inner layer shows a
well developed cuticle layer. On the other hand,
three layers are found in F, camtschatcensis and
F. imperialis, and partially in F. verticillata.
Nipple-shaped cells are lacking in the four spe-
cies taken for comparison.

Apex of anther consists of epidefmis and pa-
renchyma. Two types of epidermis were recorded,
one in F. koidzumiana with somewhat rounded
polyhedral cells, and the other in F. ayakoana
with nipple-shaped cells (Fig. 7).

Pistil

The pistil in the F. japonica complex consists
of three carpels. Ovary is slender triangular el-
lipsoidal with parietal placentation. In F. shik-
okiana, F. amabilis and F. ayakoana, the ovary
is barrel shaped with narrower neck and base
and with irregular surface and the ditch of
ridgeline is deeper. By degree of connation in
the middle of the ovary, carpels are divided into
three types. The first is perfectly coherent type
as found in F. kaiensis, the second shows conna-
tion with papillate tissue as seen in F. koidzumi-
ana and F. japonica M-type, and the third dis-
plays no connation as illustrated in F. ayakoana
and in the remaining species (Fig. 8). F. impe-
rialis with coherent carpels belongs to the same
type as F. kaiensis, while F. camtschatcensis, F.
meleagris and F. verticiliata show the second
type of connation like F. koidzumiana.

The middle part of the style is orbicular-
triangle to hastate-orbicular in cross section,
consisting of epidermis, parenchyma, vascular
bundle and one lumen. The lumen is surrounded
by a remarkable single layer like palisade tissue
and has an irregular trefoil shape owing to
bulges or processes of the wall{Fig. 9b). Distally
at the free part where a lumen is not found, the
style is divided into three short branches. Cross
gection of one branch is horseshoe-shaped or cir-
cular(Fig. 9 a). Polyhedral cells or nipple-shaped
cells are observed in epidermis of style (Fig. 9).
These nipple-shaped cells are also found in F.
imperialis and F. meleagris.

The stigma of seven species is mostly the
Namely
horizontal-polyhedral palisade-like tissue of the
single layer inside and vertical-polyhedral cells
of the outside layer, with or without nipple cells.

same in morphological features.

There are some elongated cells on the apex of
the stigma, these were divided into three types:
narrow campanulate cell, long nipple-shaped cell
and long process of two cells (Fig. 10). These
elongated cells have also been found in the four
species for comparison.
Peduncle

Except for slight differences in quantity, num-
ber and distribution of vascular bundles and
relative size of epidermal cell and parenchyma-
tous cell, no significant differences were found in

_6_
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Fig. 8. Cross section of ovary.
A, F. kaiensis ; B, F. koidzumiana ; C, F. ayakoana ; a, schematic representation (bar, 0.6 mm) ; b, part of
ovary (bar, 0.5mm),

_7_
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Fig. 9. Cross section at upper and middle part of
style.
A, F. japonica M-type; B, F. ayakoana ; a, upper
part; b, middle part {bar, 0.3 mm),

Fig. 10. Longitudinal section of stigma (radial plane}.
A, F. japonica E-type; B, F. shikokiana; C, F.
ayakoana (bar, 0.25 mm},

the anatomy of the peduncle of the seven species.
However, shape and size in epidermal cell of F.
ayakoane are variable such as raising, short
nipple-shaped or brick like, in comparison with
others with polyhedral cell. In contrast to this, F.
camtschateensis, F. imperialis, F. meleagris and
F. verticillata, differ from the F. japonica group
on the viewpoint of the presence of pericycle and
the circular distribution of vascular bundles.
Moreover, due to a thick-walled epidermis like
sclerenchyma F. camischatcensis is very distinet
from the others. Cross section of peduncle in F.
amabilis is shown in Fig. 11.

Fig. 11. Cross section of pedunele in . amabilis (bar,
0.4 mm).

Discussion

The eleven species examined in the present
study were fundamentally similar in the anat-
omy of their flowers and in histology of organs.
Furthermore, seven species of the F. joponica
complex showed similarities with one another.
Especially the peduncles were almost the same,
but they differed from those of the four species
used for comparison. The anatomical characters
used as differentials are shown in Table 2 and 3.

In outer morphology long nipple-shaped cells
have been observed on surface of filament in F.
shikokiana, F. amabilis and F. ayakoane (Naru-
hashi and Noda unpublished).
four species which have been considered to have

The remaining

no processes on the filament, were observed to
have short nipple-shaped cells on their filaments.

As a results of the present anatomical study,
two differentiated groups within F. japonica, M-
and E-types, were recognized. The M-type is
distributed in Tokai District to Okayama Prefec-
ture, has long nipple-shaped cells on the adaxial
side of tepal and remarkable hollow nectary. In
contrast the E-type occurring in Fukui Prefec-
ture and Fukumoto in Okayama Prefecture, has
papillate processes on nectary, longer filament
processes than M-type and no connation of car-
pels.

In F. shikokiana, difference in degree of con-
nation of the three branches of style is observed
between plants from middle Kyushu and Shiko-
ku.

._8_
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Table 2. Characters and character states

o

. epidermal cell of peduncle

. shape of nectary

6. epidermis of nectary

. epidermis of apex of tepal

8. small vein under nectary

9. epidermis of filament

10.
11,
12,
13.
14.

15.
16.
17.
18.

epidermis on anther
epidermis of apex of anther
shape and surface of ovary
diteh of ridgeline

connation of carpel

wall of lumen in style
arm of upper part of style
epidermal cell of style
epidermal cell of stigma

. surface of adaxial side of tepal

. surface of abaxial side of tepal

. epidermal cell of adaxial side of tepal

MO O O O N OO OC O C N CoC O NONO O NO o O O

: polyhedral

; polyhedral

: smooth

: gmooth

: emergence

: smooth

: palisade

: process of two cells
: campanulate

: round head of two cells
: absent

: short nipple-shaped
: process of two cells
: polyhedral

: polyhedral

: cylindrical and smooth
: shallow

: coherent

: no connation

: protrusion

: horseshoe-shaped

: polyhedral

: campanulate

: long process of two cells

[ T I = [

e

= e

: irregular
: nipple-shaped
; emergence

: protrusion

: hollow
: nipple-shaped

: nipple-shaped
: process of two cells
. present

; long nipple-shaped

: nipple-shaped

: nipple-shaped

: barrel shaped and undulate
: deep

: connation with papillate tissue

: process

: circular

: nipple-shaped

: long nipple-shaped

Table 3. Character features

Characters 1 2 3

Species
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F. kaiensis

F. koidzumiana
F. japonica M
F. japonica E
F. muraiana
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F. amabilis
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Table 4. Comparison among outer morphological data, cytological data and present data

Cuter morphological data®

Correlation of each Cytological data**

Character organ on present study
Shape of Nectary Anther's  Cleft Chromosome  Karyotype

Species flower position color  of stigma Tepal Stamen Pistil number

F. kaiensis 1 1 0 0 A 24 C
F, kotdzumiana 0 0 0 0 A A 24 C
F. japonica M 0 0 0 0 A A 22 B-1
F. japonica E 0 0 0 0 B 22 B-T
F, muraiana 0 0 1 1 B 24 D
F. shikokiana 2 2 1 1 A B C 24 D
F. amabilis 2 2 0 1 A B C 22 A
F. ayckoana 1 i 0 1 B c 22 A

*, from Naruhashi and Noda 1971 and Naruhashi and Noda unpublished data; **, from Noda and Naruhashi
1971 and Noda and Naruhashi unpublised data. Shape of flower 0, broadly campanulate ; 1, cup-shaped campa-
nulate; 2, tubular-campanulate. Nectary position from base 0, 1/3-2/5; 1, 1/4; 2, 1/7-1/9. Anther’s color 0,

white ; 1, purple. Cleft of stigma 0, open ; 1, closed.

No infraspecific taxa in the F. joponica group
has been discussed from outer morpholegical
study until now (Naruhashi 1971; Noda and
Naruhashi 1988). However, based on cytologieal
study, Noda and Naruvhashi (1988) reported two
types in F. jeponica and F. shikokiana by karyo-
type analysis respectively. Two types (M and E)
in F. japonica are not coincident with the two
types of karyotype (I and 1) of the species. How-
ever, the connation of three branches of style in
F. shikokiana was different between plants from
Kyushu and Shikoku, showing correlation with
the karyological data (I and 1),

In this paper diagnostic characters are not
treated independently. The groups of character
states which show correlation are adopted to
analyze the relationship among species.

Judging from each anatomical character, outer
shape of ovary, process on filament and stigma,
connation of carpels, and feature of style show
correlation as the group of character state and
also correlate to divigion of style. From the point
of this view, similarity of characters among F.
kaiensis, F. koidzumiana and F. japonica M-
type, between F. japonica E-type and F. mu-
raiana, and between F. shikokione and F.
amabilis, were recognized. Character state of

surface in filament and anther wall shows corre-
lation, and especially similarities of characters
between F. koidzumiana and F. japonica M-type,
between F. muraiana and F. kaiensis, and be-
tween F. shikokiana and F. amabilis were recog-
nized. F. ayakoana having more specialized
characters shows high similarity to F. amabilis.

Although correlation in character state of te-
pal is weak and it is in no relation to pistil and
stamen, those of F, shikokiana and F. amabilis
show slight resemblance and agree with outer
appearance of flower.

From the outer morphological and cytological
data, it is inferred that the F. japonica complex
has cytologically been differentiated into two
groups by reduction in basgic chromosome num-
ber from x=12 to x=11 and then parallei evolu-
tion in morphology might have occurred in each
group (Noda and Naruhashi 1988). However,
anatomical characters in the present study show
correlation to outer morphological characters,
but less correlation to cytological characters (See,
Table 4), Therefore, judging from the morpho-
logical data, the group with 2 n=22 might be ex-
plained as polyphyletic by no common apomor-
phic characters. On the other hand, characters
of chromosome are considered to be more conser-
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vative than other morphological characters. If
this is true, then morphological characters might
have been evolved in parallel,

Because of the high similarity in the morphol-
ogy of stamens and pistils in F. koidzumiana
and the M—-type group of F. japonica, the E-type
group of F. japonica may be regarded as derived
from the M-type.
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