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GENECOLOGICAL INVESTIGATIONS ON
ZINC PLANTS

I. Genetics of flower colour in crosses between Viola
calaminaria Lej. and its subspecies westfalica (Lej.) Ernst

P. KAKES and K. EVERARDS

Genetisch Instituut, Universiteit van Amsterdam

SUMMARY

The genetics of flower colour was studied in two subspecies of Viola calaminaria. One major
gene could account for the “yellow-blue” phenotype, if we assume that inheritance is tetra-
somic.

The implications for the origin of the two subspecies are discussed.

1. INTRODUCTION

In northwestern Europe there are two subspecies of the zinc violet Viola
calaminaria. The nominate subspecies is a yellow flowered plant occurring
on abandoned zinc mines between Liége (Belgium) and Aachen (W. Germany);
the blue flowered ssp. westfalica is restricted to a former lead and zinc mine
near Blankenrode (W. Germany).

Morphologically, the most striking difference between these subspecies is the
flower colour. The other differences reported in the literature (HEIMANS 1961,
ERNsT 1965) are small, quantitative and not always maintained in culture.

According to BAUMEISTER (1967) V. calaminaria ssp. westfalica tolerates
somewhat higher zinc levels than V. calaminaria.

In view of the different opinions on the origin of zinc tolerant plants and of
the zinc violet in particular (see ERNST 1974 for a review) it seemed worthwhile
to investigate the genetics of the most conspicuous character: flower colour.

A complex genetic system, leading to a number of intermediate forms would
favor the hypothesis of an ancient differentiation of the two subspecies. In
contrast, a simple genetic system would suggest a relatively recent origin.

2. MATERIAL AND METHODS

Seeds of V. calaminaria were collected near Plombiéres (Belgium) and of V.
calaminaria ssp. westfalica in the **Bleikiihle near Blankenrode.

Plants used as parents and F1’s were grown in the greenhouse, F2’s and
B1’s in the experimental field. Before cross-pollination, the lower petal was
removed from the flowerbud to prevent selfing. This method gives far better
results than emasculation. Unpollinated controls never set seed, but in the
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progeny of cross pollinated plants small numbers of plants that resemble
the female parent appear, indicating some rare selffertilisations; these selfings
are easily recognised and discarded. Two sets of experiments were run: in the
first set, plants of the two subspecies grown from wild seed were crossed. In the
second set, the aforementioned plants were selfed for three generations and
then crossed.

3. RESULTS

Table I summanzes the results of the first set of experiments (the reader may
refer to fig. I for the designation of the generations). The phenotype of the
parents in this experiment and the following ones is: V. calaminaria: flowers
purely yellow, with dark violet streaks on the lower petal. V. calaminaria ssp.
westfalica: flowers violet blue, with a yellow spot at the base of the lower petal.
The F1 is of the intermediate type in respect to flower colour but rather variable.
F2’s and B1’s give every possible shade between pure yellow and violet-blue.
Especially the intermediate types exhibit a great variation. Young flowers of
intermediate plants are yellow with a pale blue hue, becoming darker with age.
The mature flower is violet-blue except for the lower petal, that is always more
or less yellow. Owing to this age-effect nearly all the variation of the family can
be observed on one rich flowering plant. The only clear distinction which can
be made is between pure yellow flowering plants and those that have at least
some blue in the flowers. As can be seen from table I some of the F2’s and B1’s
had small numbers of purely yellow flowering plants. However, the numbers
are too small to draw any conclusions. We therefore discuss the results of the

V. westfalica x V. calaminaria

(violet blue) (yellow)
Fi ——%— yellow
15
yellow ———> ———F, 51 — X yellow
|
v

FBy F3  BF; B

I
BiF  BoFy

Fig. 1. Scheme of the crosses made and designation of the generations.
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second set of experiments (table 2) first. Here also the number of plants is
rather low, so we have included the 95 % confidence limits of the percentage of
yellow flowering plants. Estimates of this percentage are rather low, with the
exception of the families listed in table 2B. Selfings of yellow flowering plants
always give 100 % yellow progeny. Selfings of the blue flowering plants produce
sometimes only blue progeny, but in most cases blue and yellow. We conclude
that in these crossings “yellow flower” is a recessive trait and the difference
“pure yellow” - “coloured” is caused by a small number of genes, possibly one.

As we are dealing with a cross between subspecies we must have, in order to
calculate genetic ratio’s, information on the meiotic system in the F1’s. We
have evidence from chromosome observations that multivalent formation is
common in the parent subspecies as well as in the F1’s. This observation is in
accordance with Heimans’ view that the zinc violets are tetraploids derived
from a 2n = 26 ancestor (HEIMANS 1961). We therefore calculated genetic
ratio’s for certain boundery cases. We assume that both subspecies are auto-
tetraploids and that there is a one gene difference responsible for the ‘‘blue-
yellow” phenotypes. In the F1, any “calaminaria” chromosome can pair with
one other “‘calaminaria” chromosome (freq. p) or with a “westfalica” chro-
mosome (freq. q). Under the assumption of random pairing p equals !/,q
(SvED 1966). If there is preferential pairing, we have p>1/,q.

Multivalents always include a calaminaria-westfalica pair and thus their freq.
is a fraction of q (q’). Only quadrivalents are considered in the following
computations. Double reduction may occur with a freq. 6q°. Forq” = 1, 6 can
have the maximum value of 1/6 (BURNHAM 1962).

If we denote any set of four homologous calaminaria chromosomes as a.,
be, €c, dc and similarly the westfalica chromosomes as aw, bw, Cw, dw, the
gametes of the F1 (taken as a.c bc cw dw) can have the following constitution.

Homologous pairs no pref. pairing double reduction
no double reduction

p (1-0)q oq’

ach acbc acac

acdw ach bcbc

bccw acdw CwCw

bcdw bch dwdw
b.dw
Cwdw

If both parents were homozygous for the flower colour gene, the F1 will be
of the duplex type: AAaa. The following table gives the gametic ratio’s and the
percentage yellow in F2 and B1 expected in this case.
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gametes % yellow in B1 % yellow in F2

AA Aa aa
100 % pref. pairing 0O 1 0 0 0
no pref. pairing
no double reduction 1 4 1 16.7 2.8
100 %, multivalent
max. double red. 2 5 2 22.2 49

If the westfalica-parent was triplex for the flower colour gene (AAAa) we
would expect in the F1 also plants of the simplex type (Aaaa) that would give
the following ratio’s:

gametes % yellow in B1 % yellow in F2

AA Aa aa
1009, pref. pairing 0 1 1 50 25
no pref. pairing
no double red. 0 1 1 50 25
1009, multivalent
max. double red. 1 10 13 54 29

Inspection of table I and the left part of fig. 2 reveals that the two Bl’s and
five F2’s examined have percentages of yellow significantly lower than 50
resp. 25. Thus the genotype of the five F1 plants tested was presumably AAaa.
Therefore the only conclusion that can be drawn from these experiments is that
the three westfalica parents used in these crosses must have been of the qua-
druplex or triplex type.

In table 24 family TVG 29 has about a quarter yellow flowering plants. The
lower confidence limit is distinctly higher than 4,99. So TVG 1244 was
presumably Aaaa.

In table 2B we see that all the families showing any segregation fall into the
“simplex scheme”. The results strongly suggest that TVD 6lc-1 was Aaaa.

The backcross TVF 125 consisted of 10 plants, five of which were selfed and
two were also backcrossed. The two yellow plants produced only yellow pro-
geny, whereas the three blue ones showeda 3 :1 or 1 ::1 segregation.

In most families there was a slight excess of yellow flowering plants. As this
excess could be caused by the false inclusion of very light Aaaa plants in the

“yellow” group, ten yellow plants were selfed. All the progenies showed 1009
yellow flowering plants.

Our conclusion is that classification was correct and that the excess of
“yellow” is caused by some factor favouring “a” gametes or zygotes.

The table 2C summarizes the results of one family. Ten F1 plants were selfed.
Of these, four must have been of the duplex type and two of the simplex type,
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Fig. 2. Summary of the 95%; confidence limits of tables I and II. Heavy lines designate
backcross results.

whereas the progenies of four plants gave intermediate percentages, probably
due to sample errors. We conclude that the westfalica parent used in this
experiment was of the triplex type. From the F2 of plant TVD 58a-2, that gave
a good 1 :3 segregation in the second year, four plants were selfed to give F3’s
(TVG 25-28). Of these two blue plants did not produce yellow, one blue plant
gave a clear 1 :3 segregation and the fourth one, which was yellow, produced
only yellow flowering plants.

4. DISCUSSION

If we review the results of eight years of experimentation, it appears that the
easiest way to explain our findings is to assume a one locus difference, the
westfalica plants tested being either of the quadruplex or the triplex type. The
chance of finding a yellow flowering plant in a population mainly consisting of
AAAA and AAAa plants must be very low, even close to zero if we assume a
considerable amount of preferential pairing. Nevertheless we expected to
find at least some yellow flowering plants among several thousands examined
in the field. No such plant was ever found. A possible explanation is that plants
heterozygous for the flower colour gene arise by introgression and that there
is strong selection against yellow flowering segregants (KAKEes 1973).

In all crossings described, the fertility is very low, (0.5-2.1 plant/pollination).
These figures are, however, not significantly lower than those for comparable
crossings within the two species.
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The results do not indicate a reproductive barrier, but as CLAUSEN (1931)
already demonstrated this is not related to species differentiation in the section
Melanium of the genus Viola.

The consistency of our results proves that in the F1 as well as in later genera-
tions there is a regular segregation. Apparently preferential pairing is very
limited. This together with the apparently simple genetic system underlying
the difference in flower colour, supports the hypothesis of a close relationship
between the two subspecies. ERNST (1974) suggests that the zinc violets arose
recently (i.e. after the glacial) from V. tricolor. If this were true, V. tricolor and
V. calaminaria must once have occupied adjacent sites. The two species, how-
ever, exhibit rather big differences in their ecological preference. V. tricolor is
found in open vegetation on soils with low calcium content, whereas V. cala-
minaria only occurs on zinc mines with high calcium content and in a much
more dense vegetation of other zinc tolerant plants. This is not to say that V.
calaminaria is a calcicole plant, as we know that Zn toxicity is strongly influenc-
ed by the calcium content of the soil. (JoOwETT 1964) Today V. calaminaria and
V. tricolor nowhere occur in close vicinity. The only heavy metal rich area
where we have found V. tricolor is on the zinc and copper rich shales of Wer-
dern-Ramsbeck (W. Germany), where it is common on the mine tips. In this
area however, V. calaminaria is absent. Schultz’s hypothesis on the origin of
zinc plants (SCHULTZ 1912), extended by Heimans to the zinc violets seems to
us the most probable one. The two subspecies, then, once must have been
specialized parts (on natural ore outcrops) of a more continuous population
of violets in the late glacial that was broken up by disappearance of the non
tolerant ecotypes in the warmer periods that followed.
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