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Hybridization between Dianthus superbus var. longicalycinus
and D. shinanensis Evidenced by Resolvable Esterase
Isozymes from Herbarium Specimens
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Tsukuba Botanical Garden, National Science Museum was founded in 1974 in order
to promote experimental studies on plant taxonomy and its adjacent fields. Natural
vegetations of Central Japan are reproduced in twelve sections in the garden. In the
sandy and gravelly section, one of the twelve sections, a total of 52 individuals of
Dianthus superbus L. var. longz'calycz'nus (Maxim.) Williams and seven individuals of D.
shinanensis (Yatabe) Makino (=D. barbatus L. var. shinanensis Yatabe) were planted dur-
ing 1979 to 1981. In 1985, Dr. S. Kurokawa, the director of the garden, noticed that
some plants showing morphologically intermediate features between the above two species
were growing. More various forms of morphological intermediates, which increased in
number and spread over the section, were detected in 1986 (Fig. 1). These intermediates
and. plants of the two Dianthus species formed a morphological complex, which is de-
signated here as the D. superbus — shinanensis complex. Because of the morphological
intermediacy itself, the intermediates were supposed to have been derived through hy-
bridization between D. superbus var. longicalycinus and D. shinanensis. However, to con-
firm the hybridity of the intermediates and to elucidate the pathway through which the
observed variability was induced, more detailed analyses on the genetic basis are needed.

Only fresh or freezed plant tissue and extracts preserved through freezing or
lyophilization have been believed to be available for electrophoretic studies of isozyme
variation in plants. Ranker & Werth (1986) broke this common belief by demonstrating
that ‘materials from pressed herbarium specimens were, in certain cases, also available
for electrophoretic investigations. Since their innovative contribution was limited to
pteridophytes, it is now of great interest to successive researchers whether or not the
utility of pressed herbarium specimens for electrophoretic studies can be extended to
plants other than pteridophytes, especially to angiosperms.

Another problem lies in the extraction method. Leaf tissue of some taxa of plants,
including Dianthus, contains high level of impurities such as phenolic compounds which

% Tsukuba Botanical Garden, National Science Museum, Ibaraki 305. EERyR S AL L0 RS i
C .




10 Tatsumi KaTo

Fig. 1. Representative flowers of the Dianthus superbus — shinanensis complex detected in
1986 (vertical view). Left (2 fls.): D. superbus var. longicalycinus. Middle (4 fls.) :
morphological intermediates. Right (3 fls.) : D. shinanensis,

denature enzymes and thus prevent extraction of active enzymes. Although grinding
buffers for extraction have been considerably improved (Mitton et al. 1979 ; Soltis et al.
1980, 1983; Gottlieb 1981a, 1982, 1984 ; Werth et al. 1982), direct application of crude ex-
tracts obtained by grinding leaf tissue in various conditions of buffers does not always
yield satisfactory results. In order to remove impurities with small molecular weights
from crude extracts and prepare extract samples containing active, electrophoretically
resolvable enzymes, the author initiated to utilize an extraction method including gel
filtrations with simple procedures.

As a result of preliminary electrophoresis using fresh leaf materials, it had been
suggested that the two Dianthus species were characterized by different esterase pheno-
types and thus the esterase isozymes could be used as genetic markers to solve the
above-mentioned problems on the D. superbus — shinanensis complex. It is desirable but
difficult to complete electrophoretic investigations of the complex using only their living
materials, because D. shinanensis is biennial. Another preliminary study showed that, in
Dianthus, preservation of esterase activities in pressed specimens was much better than
in materials freezed at —30°C. Under these circumstances, electrophoretic investigations
were extended to elucidate the genetic variation of esterase isozymes in a total of 285
individuals of this complex using their pressed herbarium specimens. From the results,
hybridization between D. superbus var. longicalycinus and D. shinanensis in Tsukuba
Botanical Garden, which has been suggested by morphological features, was genetically
evidenced. The results are described, and the processes of the hybridization are dis-
cussed from a genetic standpoint in the present paper. As Ranker & Werth (1986)
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pointed out, utilization of herbarium specimens for electrophoretic studies potentially
enlarges chances to solve many kinds of biosystematic problems on the genetic basis.
A practical example of utilizatin of herbarium specimens in this regard was given in the
present studs;. During the course of this study, a simplified gel filtration method was
employed to prepare electrophoretic samples. Details of this method is also included in
the present paper. Results of morphological and cytological analyses of the plants con-
cerned will be described elsewhere.

Materials and Methods

Plants

A total of 285 plants belonging to the Dianthus superbus — shinanensis complex were
collected in the garden in late July, 1986. They were held between blotting papers,
placed inside a plastic box filled up with granular silica gel and pressed for two weeks
at room temperature (air conditioned at 20-25°C). Electrophoresis was conducted from
December, 1986 to February 1987, and thus the specimens were about a half year old
when studied. Voucher specimens are preserved in the herbarium of National Science
Museum, Tokyo (TNS).

Extraction

Crude extracts were obtained by grinding small quantities (10-20mg) of leaf
material removed from pressed specimens in 0.5 m/ cold extraction buffer; 0.1 M Tris-
HCl buffer, pH 8.0, containing 70 mM 2-mercaptoethanol, 26 mM sodium metabisulfite,
11 mM L-ascorbic acid sodium salt and 49 (w/v) soluble polyvinylpyrrolidon with
an aver agemolecular weight of 40000 (Sigma, PVP-40). Soon after the grinding, crude
extracts were filtrated through the simplified gel filtration method, which was firstly
employed here. Procedures of this method consisted of the following two steps.

Step 1. A small pinhole was made in the bottom of disposable 0.5m/ microcen-
trifuge tube (Eppendorf type) and a small bit of glass microfibre filter paper (Whatman
GF/D) was stuffed into the bottom to cover the pinhole. Eighty to 90mg dry gel of
Sephadex G-25 Medium (bead size: 50-150 ym) was put into the tube, which was kept at
4°C until use. Crude extracts obtained by the grinding were immediately poured into
the prepared tube, and this 0.5 m/ microcentrifuge tube was placed inside a 1.5 m/ micro-
centrifuge tube. These tubes were centrifuged at 1000XG for 5 minutes at 2°C, and
0.05-0.1 m/ semifiltrated extracts were obtained in the 1.5m/ tube. Through this pro-
cedure, residuary leaf tissue was also removed from extracts and the extracts were
effectively concentrated.

Step 2. A 0.5ml microcentrifuge tube with a pinhole and a bit of glass microfibre
filter paper was prepared in the same way as the step 1. Sephadex G-25 suspended in
0.1 M phosphate buffer, pH 7.0, containing 30 mM 2-mercaptoethano} was put into the tube
until bed volume reached 0.5m/. Excessive buffer was removed from the tube using a

























