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Although chlorophyll chimeras are fre-
quently used as a measure of the effective-
ness of a particular mutagen treatment
(Gaul 1964, Blixt 1967), little work has
gone on to describe the genetics, ultra-
structure and biochemistry of these
chimeras (Balkema 1972, Travis et al
1975). Work in our lab (Travis et al
1975, Fields et al 1978, Miller et al 1978)
and by others (Hagemann 1976) indicated
that a large number of plastome mutant
chlorophyll chimeras could be isolated
following seed treatment with various
alkylating agents. As further proof of
their genetics, mixed cells with wild type
and mutant chloroplasts are found in
several of the mutants (Hagemann 1976,
Miller et al 1978). In the present report
we describe the induction and ultra-
structure of one of the more interesting
mutants of Raphanus sativus L.

1Manuscript received 26 March 1979 and in
revised form 13 July 1979 (#79-18).

2Present address: Plant Physiology Section,
Texas A and M Univ., College Station, Texas
77843.

Groups of 200 seeds of Raphanus sa-
tivus L. (var. Cherry Belle) were im-
mersed in 50 ml of a 1% (v/v) solution
of ethyl methanesulfonate (EMS) in
distilled H2O for 6 hours. Seeds were
then washed twice with distilled H2O,
planted in vermiculite, and the plants
were grown under greenhouse conditions.
Putative mutants were selected at the
four-leaf stage.

Mutant leaf sectors from a green and
cream sectorial chimera, isolated from
the above treatment, were fixed in 3%
glutaraldehyde in cacodylate buffer, post-
fixed in 1% osmium tetroxide, dehy-
drated in acetone and infiltrated with a
gradient of Ladd's Super Low Viscosity
resin (Ladd Inc., Burlington, VT). Thin
sections (gold to silver-grey reflectance),
mounted on fine copper mesh grids, were
post-stained with aqueous uranyl acetate
and lead citrate. Specimens were exam-
ined with a Hitachi HS-9 electron micro-
scope.

Previous work on a variety of genera
(Fields 1977, Miller et al 1978) has shown
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that a 1% EMS treatment for 6 hours is
close to optimum for mutation (from 5 to
20%), while allowing a high percentage of
germination (70%). At a mutagen dose
of 1.0%, a variety of albina, xantha and
viridis mutants (Gaul 1964) can be recog-
nized in the leaves of the Mi progreny of
radish. One of these mutants, further
characterized in our report, had a large
cream-white and green mosaic marginal
sector. The teeth of the leaves in
mutant sectors were green, indicating a
green epidermis or histogenic layer I
(Burk el al 1964). Similar green mar-
ginal teeth are found on the leaves of
Hydrangea hortensis variegata and Pelar-

•

gonium 'Golden Brilliantissima' (Neilson-
Jones 1969) and are epidermis-derived.
A pattern of sorting-out rather than cell
lineage variegation indicated that our
mutant is probably a plastome mutant.

When thin sections were examined,
several ultrastructurally-distinct classes
of plastids were observed in this mutant.
Most notable in these plastids was the
striking concentric lamellar system (fig.
1). Apparent linearly-arranged lamellae
were those cut lengthwise rather than
through this concentric lamellar system
(fig. 2); these lamellae occurred singly or
rarely as small doublets (fig. 2). Osmio-
philic globules of varying electron den-
sities were also noted (fig. 3). Less
densely stained areas contained masses
of plastid DNA between the rings of con-
centric lamellae (figs. 1, 2). Some in-
vaginations of the inner membrane,
which were ultrastructurally similar to
peripheral reticula, appear to be a
characteristic of these plastids (Sprey
and Laetsch 1978). Normal green plas-
tids of radish appeared to have a typical

FIGURE 3. Electron micrograph showing
a cell containing mutant (M) and wild
type (WT) plastids. Bar equals V-

FIGURE 1. Electron micrograph of the
plastids of the cream Raphanus mutant,
showing concentrically arranged lamellae.
Bar equals 1/x.

FIGURE 2. Electron micrograph of the
cream Raphanus mutant, showing fibrillar
areas (FA) of plastid DNA. and peripheral
reticula (PR) in the plastid. Bar equals
In.

chloroplast morphology (fig. 3) with a
number of starch grains and normal
thylakoid stacks (grana). These normal
plastids occurred in cells adjacent to the
mutant sectors, indicating that the
mutant phenotype was not the result of a
burning or wounding of the tissue due to
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the mutagen treatment but to a true
mutation.

The relative abundance of Mi chloro-
phyll chimeras from EMS treatment of-
fers a rich source of material for studies
of the chloroplast mutants in a variety of
organisms. The diplontic selection
against the mutant sectors often en-
countered (Balkema 1972) seems to be
reduced by the growing of the Mi genera-
tion in the greenhouse rather than under
constant lighting. Although these chloro-
phyll chimeras were often lost because
they are lethal, with advances in all
phases of tissue culture, such mutants
may now be saved (Skirvin and Janick
1976, Skirvin 1978, Miller et al 1978).
Several of the Mi mutant sectors in
radish are now in culture, although no
full plant regeneration has been observed
as yet.

Diers and Schotz (1968) described the
ultrastructure of chloroplasts resulting
from the disharmony between the nu-
cleus and plastome in an Oenothera hy-
brid. In that hybrid the plastid ultra-
structure observed was strikingly similar
to that shown in fig. 2. Nuclear mutants
of barley (Nielsen 1974) are of similar
ultrastructure, indicating that a coopera-
tive role of both nuclear and chloroplast
genomes may be operative in at least this
stage of plastid development.

Wettstein (1961) reported that, in the
plastome mutants he had investigated, a
normal granal system was formed, which
was secondarily photobleached. Pla-
stome mutants in Oenothera (Kutzellnigg
et al 1975), Mimulus (Travis et al 1975)
and Hosta (Vaughn et al 1978, Vaughn
and Wilson 1979), appeared to have
blocks in many of the developmental
steps of normal chloroplast biogenesis.
The ultrastructure of our chloroplast mu-
tant of Raphanus appeared to be the re-
sult of one of these developmental blocks
rather than a secondary destruction type;
because no stages of degeneration were
noted and none of the thylakoid arrange-
ments of photobleached types were found
(Fields et al 1978).

Chloroplasts mutants give some indi-
cation of the ways in which normal
granal stacks are formed. Paolillo's
(1970) interpretation of the stroma

lamellae occurring in a right-handed helix
is consistent with the ultrastructure ob-
served in this mutant. If granal stacks
were formed randomly at points along
the helix, a normal granal arrangement
could be formed and the thylakoids could
then be connected en masse (Menke
1960). The viridis mutant of Mimulus
(Travis et al 1975) may represent an in-
termediate between wild type granal
stacking and this mutant of Raphanus.

Peripheral reticula, a character gen-
erally associated with carbon (C4) metab-
olism (Laetsch 1974; Sprey and Laetsch
1978), were found in a mutant of
Raphanus. Similar invaginations of the
inner membrane are found in white and
yellow mutants of B etui a (Valanne and
Valanne 1972), Epilobium (Anton-Lam-
precht 1966) and Hosta (Vaughn, Wilson
and Reibach 1979). Since the role of
these structures in C4 plants seems to be
to facilitate transport from one plastid
to another (Laetsch 1974) the peripheral
reticulum in these mutants may serve a
similar role. Thus, a plastid due to lack
of chlorophyll may allow development of
peripheral reticulum as a transport ve-
hicle from the green to the mutant tissue.
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