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L. Introduction

It has been widely known that there are some divergences in characters
between two reciprocal hybrids from crossings of different species or different
ecotypes which are more or less remotely related to each other.

These divergences between reciprocals are presumed to be caused by some
extranuclear hereditary factors which are contained in the female cytoplasm
because the cytoplasm of Fy; hybrid, on the fertilization, is transmitted mainly
from the female parent.

However, so far as hitherto is reported, the cytoplasmic effects are in most
cases related to lethal or some deteriolating conditions of the reproductive
processes such as male sterility, flower organ misbuilding, or severe inhibition
which results in abnormal disharmonies in plant life. On the other hand, a
matroclinous manifestation of morphological or physiological characteristics
is also possibly to be expected, to be sure, within the range of normal life
conditions of plants.

But, we have had up to now relative few instances available concerning to
this subject.

In this paper, a preliminary examination is presented on the characters
of reciprocal hybrids between a catchfly, Silene Armelia, and it’s related species,
S. orientalis both belonging to Caryophyllaceae.

The genic analysis of individual characters concerned will be reported in
the next issue of this journal.

In the present paper, for the sake of simplicity, Ar, Or, ArxOr, and Orx
Ar are applied as abbreviations for S. Armelia, S. orientalis, (S. ArmeliaQ x S.
orientalis§) F, and (S. orientalis@ x S. Armeliad) Fy respectively.
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II. Sources of materials

Plants which were used as parental materials for the present study were a
common catchfly, Silene Armelia, and its related species, S. orientalis, belonging
to Caryophyllaceae. ’

Plants of either species have a habit of growing as annual or biennial plants
according to the conditions of temperature and day-length in our country.

1) S. Armelia has been naturalized for about one hundred years past, and nowa-
days has a wide range of distribution in Japan.

The plants of this species, so far as the writer knows, consist of populations
which are almost homogeneous in each character except in the color tone of
petals and some other relatively minute characters.

An initial plant (symboled as Ar-57) used for the genetical study, of S.
Armelia was voluntarily picked out among a population naturally growing near
Shinshfi University at Matsumoto City, and was selfed in July, 1957.

The seeds thus obtained germinated in October 1957 in an incubator cont-
roled at 25°C, and overwintered in a seedling box in a glasshouse.

These seedlings developed to plants showing no visible deviation from the
parents, so one plant (symboled as Ar-58) among them was chosed and was
selfed as a plant material being typical of S. Armelia in May 1958.

2) Another plant material, S. orientalis was first presented by the Kybdto
Botanical Garden in 1948, thereafter the progenies were produced by yearly
selfings up to 1958.

IIL. QObservations

1. General appearance and growth habit of pavental species.

a. Comparative aspects in seedling stage.

The germinated seeds of both species developed to form rosette plants
before the beginning of November, 1958. At this season, one could easily
distinguish between the two species through the following differences.

i) Shape and size of leaf-blade

Leaves of the rosette of S. orientalis are longer, slender necked than those
of S. Armelia, and they have a trait toward the bending backward at the
upper portion. (Fig. 1)

1) Growing posture of leaf

The rosette-leaves of S. Armelia are characterized in the growing habit by
keeping somehow horizontal in contrast to the appearance of more or less erect
posture in those of S. orientalis. (Fig. 1 & 2)

That is, leaves of the latter species make a more acute angle with a
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Fig. 1. Schematic view showing shape and growing posture of
young rosette leaf.

perpendicular line drawn on the position
of the plant than do those of the former
species.
iii) Leaf color

Leaves of two parental species are
distinguishable with relative easiness from
each other by the fact that a rosette of S.
orientalis bears light or yellowish green
leaves while that of S. Armelia ordinary
green ones.

b. Adult features of species

Among the plants of the two species
in question, we could easily tell a plant of Fig. 2. Growing postures of rosette
the one species from that of the other by seedlings, left : S. orientalis
the whole aspect even when seen from a right : S. Armelia
distance.

Though there must be a wide range of morphological and physiological

differences, following divergences were most noticeable in our genetical inves-
tigation.
i} The most remarkable difference in their outer appearances consists in the
population density of flowers on a cyme and size of a cyme itself: S. orientalis
has large, compact, bouquet-like cymes consisting of many, closely—crowded
minute flowers, while the cyme of S. Armelia has a relative small number of
flowers and is rather sparse and thin.

ii) S. Armelia shows an earlier development in turnning from leaf-rosette to
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stemmed stage than does S. orientalis, and begins to flower about ten days
earlier than that.

iii) The stem of S. Armelia gives us a slender and rather feeble impressions
while S. orientalis has the stem being relatively thick and robust.

To say more precisely, plants of S. orientalis have apparently less nodes on

their stems than do S. Armelia plants, and especially their terminal internode
just below the cyme is definitely thicker than that of the other species. These
are the reasons that S. orientalis looks fairly stout.
iv) Leaves of S. orientalis are longer and more slender than those of S. Armelia,
and have fairly flat surface in contrast to those of S. Armelia being apparently
undulatory; Furthermore, former leaves are yellowish or light green in color
while the latter are ordinary green as shown in their rosette stages.

2  Matrocliny in veciprocal hybrids

In June 1959, S. Armelia and S. orientalis were reciprocally crossed.

Though a time lag in fiowering was found in S. orientalis as compared with
S. Armelia as mentioned above, it was not so decisively that the author could
not make crossing between them.

These two species are fairly compatible with each other, and a sufficient
number of seeds were obtained to secure subsequent progenies irrespective of
any kind of species used as female parent.

The seeds were sawn in Qctober 1959, and a week after they begun to
germinate vigorously.

The seedlings of both reciprocal hybrids were grown and wintered in a
glasshouse, and in January 1960 their rosette leaves were first measured.

a) Growth and characters of leaves.
i) Growth of leaves. '

For the purpose of understanding the developmental relation in leaf growth
of each type, rosette leaves of the seedlings which germinated the preceding
year were measured in January, April, and May 1960.

These results are presented in Table 1.

Table. {. Comparative leaf size in rosette seedlings of
parents and reciprocal hybrids.

Parents and reciprocal hybrids
Date Measurement
Ar ArxOr Orx Ar Or
c.m. C. m. c. m. c.m.
January length 400 3.80 2.60 16
10 width 1.40 0.95 0.70 0.5
1960 ratio of length/width 2.85 4.00 3.70 3.20
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April length 7.94 5.73 7.50 8.00
10 width 1.41 1.05 1.20 1.00
1960 ratio of length/width 5.63 5.46 6. 25 8.00
May length 7.10 6.80 9.70 11. 20
10 width 3.00 2.50 2.60 2.20
1960 ratio of length/width 2.37 2.7 3.73 5.10

From the above table, it may be seen that the hybrids, irrespective of
species used as female parent, showed in general an intermediate growth pat-
tern of leaf between the two parental species in younger developmental stages.

Furthermore, more or less apparent matroclinous aspects may be expressly
noticed concerning to the leaf length.

The width of leaf, excepting at very early stage of development, did not
show any possitive evidence for the matroclinous relation. This was also the
case of the ratio of length/width of leaf.

In the leaves of rosette at the age of from three to four months some clear
matroclinous tendency was detected in leaf length as well as in leaf width for
the plants from crossings ArxOr and Or x Ar.

In course of time of development, however, this relation became indistinct
perhaps owing to the different stages of development of the types concerned.

The full grown plants of four types, Ar, ArxOr, Orx Ar, and Or, showed
leaf growth on each node as illustrated in Figs. 3 and 4,

OrxAr
Or

ArxOr nr

[ 5 16 5
Fig. 3. Comparative leaf length in the order of node of
main stem in parental and reciprocal F; plants.
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Fig. 4. Comparative leaf width in the order of node of
main stem in parental and reciprocal F, plants.

The comparative relation as to leaf growth was no more evidently confirmed
in the adult plants.

i) Leaf color and undulation of leaf.

It was observed that a plant having leaves of Or-type was, as a rule, yellow-
ish light green in color, and that,with Ar-type leaves was ordinary green.

Furthermore, the former was found to have flat leaves and the latter undulat-
ing omnes.

Evidence which shows a parallelism of these two characters of leaf was
obtained in the subsequent generations to F; hybrids. And these two characters
of leaf were also inherited with a matroclinous tendency between two recipro-
cals.

b) Forms of petal, flower and cyme.

The petal of S. Armelia is of cuneate, emarginate form, while that of S.
ortentalis is fusiform and acute.

These characteristics in petal form are reflected in the appearance of
flower as a whole. (Fig. 5)

Crossings between the two species gave hybrids of intermediate forms in
this respect, and plants from crossing ArxOr were more or less similar to
Ar, and those from Or x Ar looked to some extent like Or.

Thus here, the divergence of two reciprocal hybrids regarding to the petal
form was evident.

The cyme of the hybrids from crossings between these species was found
to be just intermediate between two parents showing some matroclinous aspect
in size and form of it.

The character has a tendency to be inherited coupled with many other

forms originate in either species.
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Fig. 5. Diagramatic comparison of petal and corollal forms of the two species
and their reciprocal hybrids: from left to right, Ar, ArxOr, OrxAr,

and Or.

¢) Diameter of stem

The wider diameter of the stem, especially of the uppermost internode, in
the plant of S. orientalis gives a distinct appearance of this species as already
mentioned.

The author measured the diameter of stems at three levels of plant height,
namely the lowermost, middle, and uppermost internodes of a main stem of
each plant just prior to the flowering season.

It was generally observed that the upper the internode is, the thinner may

it be.

Table 2. Diameter of main stem in adult stage

Parents and reciprocal hybrids
Level of internode
Ar ArxOr Or x Ar Or
uppermost internode 1.78 .2 3.50 3.38
middle internode 3.75 3.50 4.00 4.13
lowermost internode 6.13 4.50 6.00 6.25

From Tab. 2, it may be found that here again a matroclinous inhéritance
was evidenced because the plants belonging to S. oriemtalis and the hybrid
OrQ xAra had a feature showing the distinct thick internode at uppermost

level of stem.
Indeed, we could easily judge of plants of two types, ArxOr and OrxAr,

by their appearance in this regard without fail.
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d) Flowering time

On the basis of general matroclinous manifestation of characters in the
species-hybrids here concerned, we can suppose some differences as to flowering
time between ArxOr and OrxAr.

It was to be regrected, however, that owing to an unavoidable author’s
circumstance, an accurate observation which makes possible a detailed analysis
of the flowering time could not be made.

Nevertheless, it is safe to say that the flowering time was, as far as the
author had observed, found to be inherited being connected with other specific
characters, e.g. leaf development, stem thickness and cymose form, etc.

Thus, the early flowering plants, as a rule, were found to have most
features inhere in S. Armelia, and the late flowering ones impressed us as
being of S. orientalis type.

It was the writer’s guess, however, that there might hardly be apparent
intermediate manifestation in anthesis of hybrid from the crossing Ar@ xOr3
or vice versa. .

In this regard, further studies were required.

IV. Discussion

The evidence of cytoplasmic inheritance has hitherto been obtained in not a
few plant genera e.g. Sorghum, Circiwm, Funaria, Epilobium, Zea, Begonia,
Petunia, Digitalis, Aquilegia, Oenothera, Streptocarpus, Triticum, Arachis, Beta,
Allium, Gossypium, and Phaseolus, etc.

Many studies intended to this field of research have often dealt with the
problem along the line of some reproductive disharmonies, for example male-
sterility, low fertilization capacity, or some morphological abnormality.

Concerning to the cytoplasmic hereditary effects controlling the growth or
development native in the plant species, comparatively few reports are avail-
able, one of which is the paper by Asari (19643)With the peanut.

According to him, in all crosses when a variety V4 was female parent, the
F, hybrids were runners (trailing), while the reciprocal hybrids were bunch. He
concluded that there are two plasmon types —— one found only in V4 and
another present in the other tested varieties. Furthermore, there are at least
two genes designated Hb, and Hb, which interact differently with each other
in each plasmon and with each plasmon. In the V4 plasmon the two genes are
complementary, while in the second plasmon their dominant alleles or the
recessive ones are additive. And in most cases, the same genotypes produce in
conjunction with the different plasmon opposite growth habits.

Most cases of dissimilarities exhibited in reciprocal hybrids have been in-
terpreted by the differences in so called “plasmon” which interacts with the
genome to produce the characters.
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But exceptionally, Scuwemmiz (1964) explained the better and more quick

seed germination when a light-green mutant of Oenothera berteriana was female
parent than it was male parent by the term “predetermination”. It was the
reason that his experimental materials, the normal type of Oenothera berteriana
and a light-green mutant were believed to have the same kind of cytoplasm.

The plant populations which here served comparable studies were species
hybrids; therefore, it can be supposed that they have possibly mother cytoplasms
which differ in the manner of interaction with the same hybrid genome.

Accordingly, the fact that the F; hybrids bear some more resemblances to
their female parents than to male parents might be resulted from cytoplasmic
influences of female parents on the manifestation of characters of F; hybrids.

With our case of the catchfly and it’s related species, the genes responsible
for the characters concerned were not yet analyzed, but the genome including
these genes should be the same in two reciprocal hybrids.

Concerning to the results obtained here, many characters excepting the
flowering time behaved phenotypically as intermediates, being more approxi-
. mate to those of the female parents.

It may be noteworthy that a group of characters native in one parent
species was apt to be inherited often collectively as a whole.

That is, green relatively short undulating leaf, cuneate and emarginate
petal, thinly flowered cyme, early flowering, short diameter of uppermost
internode, all characterictic of S. Armelia on the one side, and yellowish green
long flat leaf, fusiform and acute petal, large compact cyme, late flowering,
wide diameter of uppermost internode, all native in S. orientalis on the other
side were observed as a group respectively in F, hybrids.

Though a reliable presumption could not be made owing to the insufficient
number of plants, there was practically no plant which combined characters of
one parent with those of the other.

For the time being, whatever the relations between genes and characters
in question may be, it may safely be said that the matroclinous conditions of
several characters in F; hybrids here studied may attribute to the cytoplasmic
effects or factors inherent in the parental species.

The detailed account on the genetical analyse of each character concerned
will be stated in the next issue of this journal.

V. Summary

1. For the purpose of affording more examples in evidence of cytoplasmic
inheritance in flowering plants, differential manifestations of characters were
studied in reciprocal crosses between Silene Armelia and S. orientalis belonging
to Caryophyllaceae.
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Though the F; hybrids were more or less intermediate in many charact-

ers, a matrocliny was observed in reciprocal crosses as to following characters:

form of petal
size and flower—-density of cyme
flowering time
size and form of leaf
diameter of stem (especially that of uppermost internode)
Thus in many characters concerned, (S. Armelia@ xS. orientalis 3) F, had

a resemblance to female parent S. Armelia and (S. orientalis @ xS. Armelia §)

F: locked in some way like to S. orientalis.

3.

This cytoplasmic control on the characters was already detected at the

leaf-rosette stage of few months age, and seemed to maintain throughout the

whole period of plant life up to the anthesis.

5
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)
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Explanation of Plates

1 : Fig. 1 Leaf-rosette stage of S. Armelia.
Fig. 2 Ditto (S. Armelia® XS. orientaliss) Fy.
Fig. 3 Ditto S. orientalis.
Fig. 4 Ditto (S. orientalis® xS. Armelias) F.
2 : Fig. 1 A comparison in the flowering stem among S. Armelic (left), (S. Armelia
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@ XS. orientalis 5) ¥, (middle), and S. orientalis (right).

N.B. the cymes and uppermost internodes of the three types of plant.
Cymes of S. Armelia.

Cymes of S. orientalis.

Flowering view of S. Armelia.

Ditto (S. Armelia? X S. orientalisd ) Fi.

Ditto S. orientalis.

Ditto (S. orientalis? xXS. Armelias) F,.
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PLATE 2

Fig 1
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