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Enzyme polymorphism has been known in various
organisms, which provided a new facet of evolution-
ary studies (e.g., AYALA 1976). In comparison with
anatomy and/or gross morphology, electrophoretic
means enables us to study direct products of genes, so
that it is possible to have an insight into the organic
evolution.

This paper describes four isozymes observed in
seeds of Paris and T¥illizm, viz., alcohol dehydro-
genase (EC. 1.1.1.1 ; ADH), acid phosphatase (EC. 3.1.
3.2; Acp), peroxidase (EC. 1.11.1.7; Px) and 6 phos-
phogluconate dehydrogenase (EC. 1.1.1.44 ; 6PGD).

Materials and Method

Sources of materials Seeds were collected either
from natural populations or at nursery gardens: of
University of Tokyo at Koishikawa and Nikko.
Original localities of the plants are listed in Table 1.

Electrophoresis A 10 % starch gel electrophoresis
was employed for the study as described elsewhere
(THARA & Enpo 1981).

Enzyme assays Methods of respective enzyme

Table 1. Original localities of the
materials investigated

Species Localities

T. kamischalicum ca. 1 km SE of Kuzakai sta.,
Mivako line of JNR ; Iwate-ken.
ca. 4 km E of Torisawa sta., Chuo
line of JNR ; Yamanashi-ken.

ca. 1 km NW of Hosoo, Nikko,
Tochigi-ken ; about half way of S
folk of the Daiva River.

ca. 1 km S of Chuzenji bus-stop,
Lake Chuzenji, Tochigi-ken.
Nikko Botanical Garden, Univ.
of Tokyo, Nikko, Tochigi-ken.

T. tschonoskii

T. smallii

P. tetraphyila

P. verticillata

assays were carried out as follows with a minor
modification in each case: ADH after SCHWARTZ
and ENDO (1966), Acp after ENDO ef a/ (1971), Px after
ENDO (1978) and 6PGD after BENDER and OHNO
(1968).

Results and Discussion
1. Aleohol dehydrogenase As shown in Figure 1, the
Japanese trilliums show 5 bandmorphs, viz., a fast
moving band in 1. kamischaticum PALL., 3 slow
moving bands in 7. {schonoskii MAXIM. and a fast, an
intermediate and a slow moving band in 7. smaliii
MAXIM. Genetics of these bandmorphs are reported
previously (IHARA & ENDO 1981); thus, the fast
moving isozyme in 7. kamischaticum is coded by
Adh™R/Adh™ ; in T. tschonoskii these three bands
are composed of two homodimers and one hetero-
dimer coded by Adh®1 ‘™ and Adh®2'" which exist in

a state of “fixed heterozygosity” because of no

0

Fig.1.  Zymograms showing seed alcohol dehydro-
genase isozymes in the Japanese Paridae. Electro-
phoretic run was done at 250 V for 4 hr in a
refrigerator (8°C). Zymograms are arranged from left
to right as follows: T. kamischaticum, T. tschonoskii,
T. smallii, P. verticillata and P. fetraphylla, Abbrevia-
tion: +, anode; o, origin; F, S, and S,, fast and
slow moving monomers.

segregation in meiosis. Fixed heterozygosity is also
seen in 7. smallii, in which the monomer of the fast
moving isozyme is yielded approximately 1/10 less
than that of the slow moving isozyme, resulting less
intense activity of the heterodimer (FS dimer) as

expected from random association of these two
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subunits of the isozyme, viz., (38" + 3U%)? where §'
and US are monomers coded by Adh™® and AdhSY,
respectively, In other words, it is needed for the
explanation of the zymograms to postulate the
operation of a regulator gene which controls the yield
of the $' monomer.

The electromorphs of Paris verticillata M. v. BIEB,
and P. tetraphylia A. GRAY were slow moving ones,
corresponding to those observed in trilliums, viz., the
S, band of T\ Ischonoskii and the S band of T, smallii.

Recently, it was found that the slow moving

isozymes are also seen in the seed alcohol dehydro-
genase of both the pedicellate- and sessile-flowered
North American species, viz.,, 7. erectum L, T.
cernuem L, T. flexipes RAF., T. ovatum PURSH., T.
sessile L, T, cuneatum RAF., T, huiem HARBISON and
T. stamineum FIARBISON. (IHARA unpublished data).
This evidence entails why the slow moving isozymes
are so conservative in such distantly separated
species, although electrophoretically separable bands
are due to not the nature of whole amino acid
sequence but that of the surface charge of the
molecules.
2. Acid phosphatase b electromorphs were detected in
species examined {Fig. 2). Acp-1 isozyme was only
seen in T. fschonoskii, Acp-2 was observed in P
verticiflatn. Acp-3 isozyme occurred in 7. ischownoskit,
T. smallii and P, veriicillata. Acp-4 isozyme may be
specific to P. fefraphylle while Acp-5 isozyme took
place in T. kamischaticum, T. smallii and P. verticil-
lata.

All these observations do not imply that respective

isozymes occur exclusively in each species as des-
cribed above. Thus, different occurrence of these
isozymes would be expected in different develop-
mental stages of the seeds as well as in different
organs. Gentics of these isozymes are not clear, so
that it is uncertain how many loci contribute to bring
about these b isozymes.
3. Peroxidase With the present engyme assay, 3
isozymes were seen cathodally and 2 isozymes which
are common to all the species investigated were
detected anodally (Fig. 2). The anodal isozymes are
not displayed in the figure. Px-A, isozyme was seen
in P letraphylla whereas Px-A. isozymes were
detected in both species of Paris. Px-A, was common
to trilliums exclusively,

Since peroxidases are either monomeric or di-

meric in plant species {e.g., HAMILL & BREWBAKER
1969 ; SHAHI et al 1969), these isozymes may be
governed by three different ioci. Plant peroxidases
are known to be highly polymorphic (e.g., SHEEN
1870) unlike the present materials. In this connection
it may be noteworthy that the present assay some-
times fails to detect peroxidase activities in dicotyle-
don even when the activities are detected by the use
of Benzidine as a dye coupler (IHARA unpublished
data). Therefore it is possible that fairly homo-
morphic occurrence of peroxidase isozymes in the
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Fig.2. Zymograms displaying seed isozymes of
acid phosphatase {Acp), peroxidase (Px} and
6 phosphogluconate dehydrogenase (6PGD)
in the Japanese Paridae. The electro-
phoresis was conducted as ADH. Respec-
tive bands are arranged from left to right as
follows: T, kamischaticum k), P. lelra-
phylla (t), T, Ischonoskii (ts), tt, T. smallii
{s), tt, k, P. werficillata (v), ts, v, s and v,
Abbreviation: + and —, anodal and ca-
thodal position: o, origin.

present study is due to the enzyme assay employed
here. But direct and more sophisticated analyses are
needed for further insight of the problem.

4. 6-Phosphogluconate dehydrogenase 4 isozymes were
detected (Fig. 2). 6-PGD-1 isozyme occurred in T,
smallit. 6-PGD-2risozym‘e5 were seen in all three
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trilliums and P. verticillata. 6-PGD-3 isozyme was
detected only in P. verticillaia while 6-PGD-4 isozymes
were observed in all species examined. Genetics of
these isozymes are not known.

Swmming np these observations as shown in Table
2, a comparison of these isozymes is made from the
view point of enzyme polymorphism. There are two
extreme and contrasting views for the biological
causes of enzyme polymorphism : One attributes the
occurrence of the polymorphism to random fixation
of neutral or nearly neutral alleles raised by mutation
{KIMURA & OHTA 1971}, and the other to balancing
selection. To resolve the neutralism-selectionism
controversy, several ideas have been proposed;
relationships between polymorphism and the subunit
structure of enzymes {(HARRIS ef af 1977), between
enzyme heterozygosity and quaternary structure
{(WARD 1977), between polymorphism and subunit size
of the enzymes (EANES & KOEHN 1978), and others.

Of 4 enzymes examined in the study, those except
for acid phosphatase are dehydrogenases, and probaly
they are essential for surviving during the dormant
stages of seeds because of rather anaerobic conditions
in soil. Some acid phosphatases like ATPase may
also be needed for energy transfer, In such cases any
new alleles raised by mutation, providing new forms
of enzymes ultimately, may hardly contiribute for
their carriers to survive, viz., to suffer severe natural
selection. On the contrary, if these enzymes are
entirely neutral to natural selection, the number of
isozymes expected would relate to the differences in
their molecular weight essentially, and the number of
isozvmes classified into respective categories in the
Table 2 would be at random. The present data is
insufficient to discriminate either cases. Yet, it is at
least probable that respective enzymes investigated
here have been their own ways of molecular evolution

irrespective of morphological diversification in their

carriers. This aspect has been pointed out from time

to time in theories of molecular evolution (cf. NEI
1975), which suggests that our views of the organic
evolution may be reorganized in future. More
information is needed to this end.
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