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FOREWORD

Every plant breeding project aims to develop new crop varieties with improved yields. The
breeding objectives vary according to the crop and the environment m which the new variety
will be grown. The achievements are often spectacular and the breeders have utlized many
techniques to obtain new and improved vaneties. However, the development of new cultivars is
a time-consuming and expensive undertaking and all efforts to increase efficiency in plant
breeding are highly desirable.

The use of induced mutations in plant breeding has proved successful m many crop species.
However, desired mutations occur rather seldom m mutagemzed populations; moreover, they
may be neglected in a large material which leads to the misconception that this approach is less
promising than other breeding methods. A better understanding of how mutations are induced
and how mutants should be selected in mutagen-treated material will undoubtedly improve the
efficiency of mutation induction and the use of induced mutations m plant breeding.

One of the basic principles of mutation induction, expression and selection is that "a muta-
tion is induced in a single cell and carried only in the progeny of that cell" (BROCK and MICKE,
1979). This means that mutated cell progenies occur together with non-mutated cell progenies
in a chimeric MI plant if multicellular organs such as seed embryos are mutagen treated. Com-
pared to monocotyledonous cereals, where the chimeric pattern is relatively well known (cf.
Manual on Mutation Breeding, 2nd ed., IAEA, 1977), the information about the situation m
leguminous or other dicotyledonous crop species is scarce. A group of consultants met at the
IAEA in Vienna between 30 November and 4 December 1981 to collect information about
chimensm m Mi of dicotyledonous plant species. The contrbutlons presented at the meeting
are summarized in this publication, followed by the conclusions regarding the present knowledge
of the appearance and selection of induced mutations from chimenc M1 plants. The partici-
pants also recommended important steps to be taken in order to reach a better understanding
of the chimenc situation in dicotyledonous crop species. For the convenience of the reader,
all references given in the papers and in the conclusions are put together in one list of references
in which other publications are included as well.



TABLE OF CONTENTS

MI chimensm following mutagen treatment of seeds in nce and some other cereals ........... 7
T Kawai(IAEA)

Chimensm in irradiated dicotyledonous plants ................................................................ 13
D R. Davies (United Kingdom)

Mutagen-induced chimerism in dicotyledonous plants .................................................... 19
M.J Constantln (United States of America)

Chimera formation in M, pea plants raised from mutagen treated seeds ............................ 23
F Saccardo (Italy)

Handling of the first and second generations following mutagenic treatment of seeds in
dicotyledonous plants ........................................ .............................. 25
C.R. Bhatia, V. Abraham (India)

Gametophyte irradiations m some dicotyledonous crop species: Prospects and results .... 31
F. Saccardo (Italy)

Efficiency of mutation programmes ................................................................................ 33
L.M. W. Dellaert (Netherlands)

Chimerism in M1 plants of Vicia faba, Capsicum annuum and Linum usitatissimum ........ 35
T. Hermelin, H. Brunner, S. Daskalov, H. Nakai (IAEA)

Conclusions and Recommendations ................................................................ ........... 43
R eferences ....................................................................................................................... 5 1
Annex I. Terminology ........................................ .............................. 59
List of Participants ............................................................................................................ 61



M1 CHIMERISM FOLLOWING MUTAGEN TREATMENT
OF SEEDS IN RICE AND SOME OTHER CEREALS

T. KAWAI
Plant Breeding and Genetics Section,
Joint FAO/IAEA Division of Isotope and

Radiation Applications of Atomic Energy
for Food and Agricultural Development,

International Atomic Energy Agency,
Vienna, Austria

Articles reporting on Ml chimerism following treatment of seed
with mutagen in cereals were mostly published in the 1960's. Rice is a
good material for making such studies because of its relatively large
number of seeds per panicle, rather easily identifiable tillering and
panicle branching systems and uniform growth after seedling
transplanting. The present article summarizes results of studies on
M1 chimerism in rice and some other cereals which may serve as
reference information in discussing M1 chimerism of those plant
species showing different development patterns, as dicotyledonous
plants, following treatment of seed with mutagen. Studies on M1
chimerism provide not only knowledge of the sporophyte development but
also basic information for developing methods of harvesting M2 seed
which provide the maximum numbers of mutants of different origins in a
limited number of M2 plants.

1. Experimental Methods

Tillering and panicle branching systems were investigated on M1
plants. M2 materials were investigated for appearance (segregation)
of marker mutants which were in most case chlorophyll mutants.
Progenies of M1 panicles or panicle branches were grown as M2
lines. M2 lines segregating mutants are called mutated M2 lines,
and M1 panicles or panicle branches from which mutated M2 lines
derived are called mutated M1 panicles or panicle branches in this
article. Segregation ratio (%) in M2 was expressed as either an
average of segregation ratios of individual M2 lines, i.e., number of
mutants of the same phenotype/number of tested M2 plants, or as a
pooled M2 segregation ratio, i.e., pooled number of mutants/pooled
number of tested plants of mutated M2 lines, of a plot identified by
mutagen treatment, Ml tiller development, etc. Mutation frequency in
M2 (%) was expressed either on M2 line basis, i.e., number of
mutated M2 lines/number of tested M2 lines, or on M2 plant basis,
i.e., total (pooled) number of M2 mutants/total (pooled) number of
tested M2 plants, of a plot. In some experiments, M2 material of a
plot was grown as a bulk population for investigating exclusively M2
mutation frequency on M2 plant basis.

Mutated M2 lines were traced back to M1 panicles or panicle
branches (mutated) to investigate distribution of a mutation (of the
same phenotype) in M1 tillering and panicle branching systems.
Chimerism within M1 panicle or panicle branch was inferred from M2
segregation ratio. M2 segregation ratio (average or pooled)/ 25% (an
expected M2 segregation ratio in progeny of non-chimeric M1 panicle
or panicle branch carrying a single recessive mutation) and its inverse
ratio were presumed respectively to provide size and number of mutated
sectors in M 1 panicles or panicle branches. Each of the sectors was
assumed to be derived from individual functional initial cells (assumed
in G1 phase of mitotic cycle) of an individual primordium taking part
in the formation of sporophytic tissue of M1 panicles or panicle
branches. In order to confirm the presumed sector size and number in
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M1 panicles or panicle branches, based on M2 data, M3 line groups
which consisted of M3 lines grown as M2 plant progenies of
individual mutated M2 lines, were investigated for segregation of

mutants observed in M2, in some of the experiments.

2. Experimental results

1. Mutation frequency in relation to M1 tillering system

Mutation frequency on M2 line basis following gamma ray seed
irradiatioin in rice was in general higner In progenies of panicles or

the main stem and earlier developed primary tillers than in later
developed primary tillers, and was larger in primary tillers than in
secondary tillers sub-ordinated to the respective primary tillers, as
shown in Table 1 (Osone, 1963). Frydenberg et al (1964) reported
mutation frequencies on M2 line basis were higher in earlier
developed than later developed tillers in barley.

Similar trends were observed in mutation frequency on M2 plant
basis in rice, as shown in Table 2 (Osone, 1963). In barley, Gaul
(1959) reported that mutation frequencies on M£ plant basis in
progenies of spikes of earlier developed tillers were higher than in

later developed ones, while Frydenberg et al (1964) did not observe
such a relationship.

Osone (1963) reported that mutatation frequency on M2 line basis
following 20 kR irradiation of rice seed was less than twice of that
following lOkR irradiation, while mutation frequency on M2 plant
basis following 20 kR irradiation was higher than twice following 10 kR

irradiation, when panicles of the same order of development and
tillering were compared (Tables 1 and 2).

Since the mutation frequency on M2 plant basis is dependent on

the inherent segregation ratios of marker mutations and the number of
mutations per functional initial cell, but is not dependent upon the
M, sector size or number, it can be concluded that in rice the
mutation frequency following seed treatment with gamma rays is higner
in panicles of the main stem and earlier developed primary tillers than
later developed ones, and also higher in priumary tillers than their
respective secondary tillers. This phenomenon can be explained by
higher sensitivity of functional initial cells of the main stem and
earlier developed primary tillers to radiation effect in terms of

inducing mutations and/or by less elimination of germ line cells
carrying induced mutations (during the sporophytic tissue development
after radiation treatment) in the main stem and earlier developed
primary tillers.

2. M2 segregation ratio in relation to MI tillering system

Results of studies by Osone (1963) on M2 segregation ratios
following gamma ray seed irradiation in rice (Table 3) are summarized
as follows: (1) M2 segregation ratios tended to be higher in

panicle progenies of later developed primary tillers than of earlier
developed ones and the main stem, and also in the secondary tillers
than primary tillers from which the respective secondary tillers
developed, and (2) M2 segregation ratio was generally higher
following 20 kR irradiation than 10 kR irradiation. Similar results on
M2 segregation ratio in relation to dose were observed by Siddiq
(1963) in rice and by Gaul (1959, 1961) in barley and in relation to
dose and developmental order of tillers by D'Amato (1964) in durum
wheat.

M2 segregation ratios were generally lower following treatments
with chemical mutagens than with radiations (D'Amato, 1965, Sato, 1966,

Siddiq, 1968, and others). Kawai and Sato (1969) investigated the
relationship between M1 seedling height reduction and M2
segregation ratio following X-ray irradiations of seed with various
modifying factors in rice, and observed a weak but significant positive
correlation. Gaul (1959) reported a higher M2 segregation ratio in
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progenies of M1 plants with a lower survival rate than with a higher
survival rate in barley. D'Amato (1964) demonstrated that in durum
wheat M2 segregation ratio was higher when M1 plants were seeded in
greenhouse and then transplanted to the field than when M1 plants
were grown in the field throughout their entire life.

Kawai and Sato (1965) investigated M3 segregations of
chlorophyll mutants (observed in M2) in progenies of plants of M2
mutated lines. Results obtained are summarized as follows: (1) The
pooled M3 segregation ratio was 24.08%, being significantly lower
than 25%; (2) among 68 M3 strain groups (derived from 68 M2 mutated
lines and consisting of 2252 M3 lines in all), six showed segregation
ratios significantly lower and one showed a significantly higher
segregation ratio than 25%; and (3) the observed M2 segregation
ratios (of individual M2 lines) were more often over-estimated than
under-estimated.

The pooled as well as average M2 segregation ratios are
over-estimated due to the statistical bias caused by limited numbers of
plants tested in M2 lines. In the case of the pooled M2
segregation ratio, however, the over-estimation is relatively small.
Although the observed M2 segregation ratios of chlorophyll mutations
are often over-estimated, when coupled with topographical analysis as
done by D'Amato (1964), they allow to estimate the approximate numbers
of functional initial cells in the panicle primordia at the time of
mutagen treatment (Osone, 1963, Kawai and Sato, 1965, Siddiq, 1968 and
others, in rice; D'Amato, 1964, Jacobson, 1966, Prasad and Godward,
1969, Ramulu and Rangsamy, 1972 in other crops). The estimated numbers
of functional initial cells in a primordium (simply calculated by
25%/M2 segregation ratio) in % considerably varied depending upon
mutagen and dose employed, e.g., in rice, 5-6 at maximum by Osone
(1963), on average, 1.2-2.2 for X-ray, 1.5-1.7 for El, 2.3-4.4 for EO
by Kawai and Sato (1965) based on the M2 and M3 data, 1.25-2.61 for
gamma ray and 2.71-3.92 for EMS by Siddiq (1968). Gaul (1959) assumed
four initial cells in barley. D'Amato (1964) estimated proportions of
primordia with one, two and three or more initial cells respectively
for 34.16%, 23.33% and 42.51% of the M1 spikes following seed
treatments with radiations and one, two and three or more respectively
for 19.73, 15.78 and 64.49% of the M1 spikes following seed
treatments with chemicals.

The high M2 segregation ratios following treatment of seed with
high doses can be explained by elimination (including killing) of a
part of the functional initial cells. The results obtained by Gaul
(1959, 1961) and D'Amato (1964) suggest that such an elimination could
be severe under unfavourable growth conditions. The lower M2
segregation ratios following treatments of seed with chemical mutagens
than with radiations might be ascribed induction of mutations after DNA
synthesis and/or mitoses of the functional initial cells during and
after seed soaking in mutagen solution and/or to delayed effect of
chemical mutagens, if any.

3. Size and distribution of mutated sectors in M1 plant

The already described results of studies on M2 segregation ratio
indicate that M1 panicles following seed treatment with mutagens are
chimeric for induced mutations. Size and distribution of mutated
sectors in M1 plants were investigated.

3.1 Mutated M1 panicles in relation to tillering system.

Osone (1963) investigated occurrence of mutated M1 panicles in
relation to the development order and tillering system following seed
irradiation with gamma ray in rice. The summarized results are as
follows: (1) mutated panicles were not randomly distributed among
M1 plants but were clustered; (2) M1 plants in which panicles of
the main stem and later developed primary tillers simultaneously
mutated were more frequent than those in which the main stem and
earlier developed primary tillers mutated simultaneously; (3) M1
plants in which two primary tillers on the same side of individual Mi
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plants mutated simultaneously were more frequent than those in which
two primary tillers of the opposite sides mutated simultaneously; and
(4) M1 plants in which panicles of primary tillers and their
respective secondary tillers mutated simultaneously were more frequent
than those in which primary tillers and secondary tillers not
subordinating to the primary tillers mutated simultaneously. Earlier
observations on the distribution of mutated panicles in several studies
on rice, though not so systematic, supported these results. Clustering
of mutated spikes in M' plants had also been reported by Gaul (1959)
as shown in Table 4. These results show that panicles or spikes or
tillers which develop interdependently or simultaneously tend to
simultaneously carry mutations of the same phonotype, indicating that
they develop from primordia having at least a part of functional
initial cells in common.

Jacobson (1966) made extensive studies on the clustering of
mutated spikes in Mi plants in barley following EMS treatment of seed
and reported that there existed at least eight (8) mutually exclusive
mutant sectors (spikes) which never had a mutation in common, six (6)
of these spikes were derived from one or two functional initial cells,
and that the sporophytic tissue of two spikes could rise from one
functional initial cell in the embryo.

Influences of dose and other factors in mutagen treatment and also
growing condition of M1 plant on distribution of mutated panicles
have not yet been investigated in detail. Kawai (1963) reported that
M1 plants in which common mutations (morphological) were shared by
larger numbers of panicles tended to increase with increasing doses in
32p treatment of rice seed. This suggested that development of a
larger portion of M1 panicles from smaller numbers of the functional
initial cells which survived after severe radiation damage.

3.2 Size and distribution of mutated sector within M1 panicle

The M2 segregation ratios are often smaller than 25%, indicating
that M1 panicles consist of several sectors derived from different
functional initial cells. Size and distribution of mutated sectors
within M1 panicle were also investigated.

Osone (1963) investigated M2 segregation ratios of albino
mutants in panicle branch progenies following rice seed irradiation
with gamma ray. When corrections were made on M2 segregation ratios
for the statistical bias caused by the limited numbers of plants per
M2 lines, the obtained M2 segregation ratios in mutated panicle
branch progenies of mutated Ml panicles fitted to the 3:1 ratio,
indicating that the M1 panicle branches were not chimeric. Panicle
branches develop with a divergence angle of 72° in rice. Panicle
branches with divergence angle of 0° and 72° more often carried
albino mutations simultaneously when compared with those with a
divergence angle of 144° (Osone 1963), indicating that the chimerism
within a panicle reflects the developmental pattern of panicle branch.

Lindgren et al (1970) studied the chimeric structure of M1
spikes in barley following seed treatment with mutagens by using the
waxy mutation as a marker. They obtained the following results: (1)
M1 spikes frequently showed complicated chimeric structures, (2) the
mutated sector varied in size, ranging between one anther and almost
the entire spike, (3) chimerism was observed within spikelets and such
small sectors were more frequent following EMS treatment than X-ray
treatment, (4) the estimated size of the spike sector was in
accordance with that calculated based on chlorophyll mutations and (5)
the number of functional initial cells of an M1 spike was estimated
around three.

III. Discussion

Osone (1963) proposed a shoot apex structure in rice seed as shown
in Fig. 1 based on the results of his systematic work on M1
chimerism. Anatomical studies by Jacobson (1966) and M1 chimerism
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studies by Lindgren et al (1970) appear to suggest that the shoot apex
structure in seed and probably its developmental pattern may be
considerably different between barley and rice.

For explaining the lower mutation frequencies on M? plant basis
in progenies of panicles of later developing primary tillers and
secondary tillers, as represented by "intrasomatic selection" by Gaul
(1959), it had been assumed that the functional initial cells and/or
the germ line cells tarrying inducec mutations were inferior in
competitive ability co non-mutated ones and such a competition was more
severe in later developed primary tillers and secondary tillers, in
which larger numbers of cells took part in M1 panicle sporophytic
tissue formation. However, since most of the used induced marker
mutations are genetically recessive and in their heterozygous condition
most probably do not express their effect on mitotic rate, it may not
be plausible that cte "intrasomatic selection" works and results in the
observed low mutation frequency on M'Y plant basis. A possible
alternative explanation might be that functional initial cells are
sensitive to effects of mutagen in terms of both induction of mutations
and depression of mitotic rate, resulting in the elimination of
functional initial cells and their derivative cells carrying mutation.
When marker mutations are associated with minute chromosome deletions,
elimination or selection of mutated germ line cells in haploid phase
may occur.

Since mitosis, meiosis, pollination and fertilization, embryo
development, germination etc. take place between mutation induction and
their expression, and mutagens induce physiological, chromosomal and
genetic changes, many internal as well as external factors at different
stages of M1 plant development may affect the observed end-results.
Table 5 collectively shows possible factors affecting Mi chimerism
following seed treatment with mutagens.

The results summarized in the present article indicate that
harvesting M2 seeds from a small number of early developed panicles
should be harvested for obtaining more mutants of different origins in
an M2 population of a finite size.
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CHIMERISM IN IRRADIATED
DICOTYLEDONOUS PLANTS

D.R. DAVIES
John Innes Institute,
Norwich,
United Kingdom

There are many factors which influence the survival and recovery
of mutant cells and their derivatives in irradiated meristems. Some

of the most important are discussed in this summary, and in addition
possible methods of maximising the recovery of mutant tissues are
considered.

1. Architecture of Meristems

Dormant systems (as in seed and resting organs or propagules) can vary

in their organisation from those which have an essentially comparable
meristem to those in actively growing apices, to those in certain seed, in
which there is little organised development and differentiation of the embryo.
Since it is likely that most plants will be of the former kind, the problems
of their architecture need not be considered separately from those of

active meristems; the crucial difference relates to their radiosensitivity
rather than their structure, and this will be considered later.

Active meristems typically include an apical dome of tissue around which

are arranged in a clearly defined order a series of primordia of increasing

age with increasing distance from the apex. The structure of the apex is
generally agreed to consist of a given low number of tunica layers (2 or
3 usually) which are characterized by anticlinal cell divisions. Each of

these has a reasonable degree of independence and continuity, although
periclinal divisions can occur. Below the tunica layers is a mass of
tissue, the corpus, in which cell division is not orientated in any par-
ticular plane. These two regions are clearly inter-related in their
growth; the tunica layers contribute mainly to surface growth: and the
corpus to the growth of the mass of tissue.

The pattern of growth within a vegetative apex has not been finally

defined; it is obviously a dynamic system in which considerable cell

movement occurs. Some have suggested that most growth occurs as a

result of divisions in a few highly meristematic cells called apical
initial cells which retain their position at the tip of the apex. Others
have suggested that there are no specialized apical initials; rather a

cell in a particular position in the meristem becomes an initial. Thus
these could be at the tip or the side of the apex, and the centres of

apical activity could alter, confirming the dynamic state of the apex.

It is probably correct to state that apical cells do exist (see later),
that they play an important role, albeit a temporary one before being

displaced by others adjacent to them, and that there are also other
important centres of meristematic activity at the sides of the primordia.

Important evidence regarding the role of apical cells has been provided
by studies of chimaeras. If there were no initials then sectors of
substantial size would never arise as a result of a mutation in a single
cell; clearly this is not the case and large mutant sectors are seen.

Stewart and Dermen (1970) provide one of the best examples of studies
on mericlinal chimaeras in dicots. They followed the development of

mericlinal sectors in a plant which was a periclinal chimaera; most of

these sectors covered 1/2 to 1/3 of the circumference of the stem,
indicating that there were 1 - 3 central initial cells actively dividing

and responsible ultimately for the growth of vegetative and flowering
shoots. They showed that the initials remained for a time, since the
sectors were stable for many weeks, but were not permanent.
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Although the apical initials probably have a crucial role in shoot
growth they divide only at a slow rate and most divisions occur in
active regions away from the tip. These sites are on the flanks of
the apex, where the leaf primordia arise. The low rates of division
of the apical cells may have been the basis of the claim that there was
a quiescent centre in apical meristems; there is no clear evidence
now to support such a claim. Stewart and Dermen (1970) conclude that a cell
proximal to the initials can give rise to cells making up 3-5 nodes of
growth i.e. only one division of the initial would be required to produce
these nodes by further division of the daughter cells. One division per
12 days would be adequate to maintain growth in the species of LiqustrtLmn
that they studied.

A general review of this topic is given by Sifford and Corson (1970).

The number and rates of division of cells in a meristem differ markedly
with pecies and genus and with the stage within the plastochron. In
Pisum sativum the apical dome has about 800 cells just after the formation
of a leaf primordium, increasing to about 2600 before the emergence of the
next primordlum. By combined H thymidine labelling and Feulgen micro-
densitometry, Lyndon (1973) derived the following values for the various
stages of the cell cycle in Pisum sativum.

G1 S G2 M Total

Cells on flanks of apical dome 14 8 7 1 30 hrs

Cells in central area 37 13 18 1 69 hrs

Leaf primordium 15 10 3 1 29 hrs

These values become of importance when discussing the problem of radio-
sensitivity and cell survival.

2. Sensitivity of cells within the meristem

The basic factors which need to be considered are the following.

(a) Differential sensitivity of the stages of the cell cycle to
chromosome damage

If one is dealing with densely ionizing radiation, very little is known
about the sensitivity of stages, but the expectation might be one of
very little difference. For sparsely ionizing radiations there is more
information. Of the four stages usually recognised, (M, G1, S and G2)
G2 is the most sensitive. Studies of the root tip meristems of a number
of plants, and of cultured animal cells have established that several times
as many chromatid aberrations are induced in G2 as chromosome aberrations in
Gl; the S phase has an intermediate frequency, with again chromatid
aberrations produced. The exact proportions in the different phases is
extremely difficult to establish because it will depend on the dose of
radiation used; the curvilinear nature of the dose response curve,
compounded by dose - dependent radiation induced mitotic delay, makes
studies of the kinetics of responses difficult. The mitotic stage itself
is generally considered to be a radiosensitive one but comparisons with
other stages are difficult.

With active meristem, therefore, the proportions of cells in the different
phases is a factor to be taken into account. With dormant meristems,
the cells are usually in G1 although they can also be in G2 (DAmato 1977).
However of overriding importance in determining the sensitivity of dry
seeds is the low water content of the tissue rather than the phases of
the cell cycle. The different target size of G1 and G2 nuclei is a factor
to be taken into account and one would expect the latter to absorb more
energy per nucleus but not per chromatid. With chemical mutagens a
different pattern of response of different cell stages is observed (Bender
1974).
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(b) Other factors affecting sensitivity

The state of the cells - whether dormant or active is of importance, and
in root tips Clowes (1972) has shown that the cells of the quiescent
centre are less sensitive to x rays than the more active ones. It can

therefore act as a reservoir in replacing meristematic cells that have
been damaged (cells in the quiescent centre are usually in G1). However
there is no clear evidence for a "quiescent centre" in stem apices.
Different oxygen tensions could exist in the different cell layers of a
meristem; a gradient in oxygen tension across an anther has been recognised.
Another factor to consider is the time available for repair of chromosomal
damage. Bender (1974) has proposed that there are important consequences
if a cell passes into division before or after single strand breaks are
repaired; the longer the interval between radiation and commitment to
division the greater the opportunity for repair of the damage induced.

(c) The correlation between chromosome damage and cell death

The studies of Davies (1963) failed to establish a simple correlation
between the expected consequences of a given type of chromosome or chromatid

aberration, and loss of reproductive capacity of a cell. These studies were
undertaken on the Tradescantia filament system where both chromosome damage
and cell survival could be assessed. Evans (1965) came to a similar
conclusion that it was difficult to correlate chromosome damage and
inhibition of root development in Vicia. However in animal cellsystems
Revell's later studies (1982) did show a correlation between chromosome
damage and cell death.

(d) The relation between mutation and chromosome damage

Information on mutational damage induced by X radiation in different phases
of the cell cycle is not readily available. Sufficiently large populations
of synchronised animal cells in tissue culture have not been available;
neither are appropriate systems available in plant cells. We can only
speculate therefore. If the mutational events we seek in plant cells are
due to,small ddletions,then a comparable pattern of radiosensitivity to that
seen with chromatid aberrations would be expected i.e. a peak in G2.

But if the mutational events involve other changes in the DNA, then the

pattern of their induction and repair with the cell cycle stage is
not known. There is some evidence that with twice as many targets
after replication as before, the mutation rate should double after a
locus has replicated. There are of course mutagens such as sodium azide
at low pH, which produce very few if any aberrations.

3. Competition between affected and unaffected cells

The survival of an affected cell will depend on a large number of factors.
The extent of the chromosomal changes induced within it is one. It is

a reasonable expectation that a diploid cell with anything other than gene
mutations or small deletions will he at a disadvantage in competition with

normal cells.

The position of the cell within the meristem must be taken into account
also; if an affected cell is in the centre of an actively dividing
primordium then any slight disadvantage is likely to be of more signifi-
cance than if it is in a position where it is dividing slowly and thus

suffering less competition e.g. moving down from an apical initial.

Another factor is the total number of surviving cells; let us assume the
level of survival is 95% and the total apical population is e.g. 800, then
the few affected cells will suffer more competition from the 760 cells than
if the survival had been 5%, in which case there would be not only more
affected cells, but these would be competing with only 40 surviving cells.
It is generally observed that there are more complete or solid mutants after
higher doses. The penalty that is paid of course is the reduction in the
probability of survival of the apex as a whole with increasing dose. The
extent of rearrangement of tissues within treated apices can be substantial.

15



The early work of Pratt (1963) and of Lapins and Hough (1970) are examples
of studies of heavily irradiated apices in which extensive cell death

occurred, gross changes in structure and morphology followed and if damage
was not too excessive and also environmental conditions not too severe, then

new apices developed in unconventional positions. The work of Ball (1980) also

has shown the regenerative capacity of various parts of an apex.

In considering competition it has to be remembered that a true gene mutation

which affects a character only expressed in a mature differentiated

phenotype should have no effect on a meristem. Its survival and competitive

ability should be inchanged. Increasing the frequencies with which such

mutants are induced, and increasing the probability of their inclusion in

a critical target cell then become primary objectives in mutation programmes.

The only way in which true gene mutants would be at a disadvantage was if
they affected some primary function e.g. membrane structure, metabolic rate,

respiratory activity etc., in which case hey would also be expressed in the

meristem.

The reason why a cell exposed to radiation (though possibly not to other

mutagens) will be affected such that its cell cycle is slowed, it does not

divide any further, or it dies, is because its DNA has been damaged;

there is unlikely to be another target at low doses. However there is no
a priori reason or evidence for assuming that a cell affected in any of

these ways, is any more or less likely to carry a true gene mutation. By

chance, the two classes of events are likely to coincide - the probability
increasing with increasing dose. The picture may of course be different
if we are dealing with a mutation which is based on a chromosomal deletion

or rearrangement which may itself affect viability. The kinetics of

induction of these two classes of events should guide us to appropriate

doses of mutagen to use.

4. Reducing the problem of cell competition

Studies of mutation rates in "single cell" systems show that high levels

of induction and recovery are possible in plant cells. The best systems
developed so far are the adventitions bud techniques (Van Harten, Bowter

and Broertjes 1981) and protoplasts. In the former experiments up to 50%o
of control plants of Solanum tuberosum derived from adventitious buds were
mutant, but after 27.5kr 91.7%° were mutant. Clearly what we need to do
is to simulate as closely as possible the conditions attained in such

"single cell" systems.

For this, two simple experimental approaches can be considered. The first
relates to shoot meristems and the second to dry seed meristems. Most

crop plants usually exhibit the phenomenon of apical dominance, whereby

the apices in the lateral buds are suppressed. These lateral buds may
have been derived from cells initially present in an irradiated terminal

meristem and could contain mutant cells but these may never be expressed.
The apical dominance is maintained by the hormonal status of the shoot
but this can be easily altered experimentally.

Development of axillary buds should therefore be encouraged either by

appropriate hormonal treatments or simply by pruning.

If the phenotype required is expressed only in the floral parts or in the

seed, then it may be valuable to reduce the period of competition between
mutant and normal cells by inducing early flowering by hormonal or
environmental manipulation.

The second approach, this time with dry seed meristems, involves inducing
multiple shoots rather than allowing a single one to develop from the
embryo. It is well known that in tissue culture systems the cytokinin
Benzyl amino purine (BAP) stimulates the development of axillary buds.
If an embryo is exposed to this hormone then the same phenomenon is
observed. For example we have dissected out embryos from soaked mature
seed of peas which had been previously surface sterilized by standard
tissue culture techniques (20 mins in a 20% solution of sodium hypochlorite)
and plated them on a nutrient Murashige - Skoog agar containing sucrose,
0.8% agar and 0.02 mg/l IAA and 2 mg/l BAP. Rapid proliferation of
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axillary shoots and also of adventitious shoots occurs over a period of
several months. The shoots are cut off when they are 2-5 ans long and
placed in a similar medium but without any hormones, to encourage rooting.
When the roots are a few cms in length, the plantlets are transferred to
the greenhouse and allowed to develop into mature plants. This regime has
not been used so far for mutation experiments but the rationale of its use
would be as follows. If multiple meristems are allowed to develop instead
of only one, then the chance of incorporating a mutant cell from the apex
of the irradiated seed is increased. The probability of increase will

depend on the pattern of development within the irradiated apices in the
seed. There is also more likelihood that adventitious meristems can develop
from the excised embryo. The concept of encouraging more meristems to
develop - both adventitious and axillary ones needs to be considered further
for both seed and other tissues exposed to mutagens.

The effect of all these treatments on the rates of recovery of mutants

needs to be assessed; they include the proliferation of axillary and
adventitious meristems; the speeding or slowing of development of
particular stages, the effect of accelerating flower bud development,
and finally the effect of different doses when combined with these other
factors.
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MUTAGEN-INDUCED CHIMERISM
IN DICOTYLEDONOUS PLANTS

M.J. CONSTANTIN
Botany Department,
University of Tennessee,
Knoxville, Tennessee,
United States of America

INTRODUCTION

Mutant frequency varies considerably among organisms subjected to chemical
and/or physical mutagens depending on inter alia the particular locus involved, the
nature of the mutational event, and the kind of mutagenic treatment; however, generally
the frequency of observed mutants is low. Thus, mutation breeding programs usually
require large populations of plants and relatively large expenditures of labor, time,
land, and money. Obviously, a mutation breeding program must have well-defined
endpoints, and should be initiated only when it is evident that the endpoints sought
cannot be achieved readily via introduction and/or hybridization.

The strategy adopted by the breeder in conducting a mutation breeding program
ideally should be based on the best technology of mutagenesis and the economics
involved in growing and harvesting the MI and growing and screening the M2 generation.
To design an effective and efficient mutation breeding program, the breeder must
understand how and to what extent the plant's developmental and reproductive processes
are affected by the mutagenic treatment. For example, the breeder must cope with
the combined effects of induced chimerism and sterility on the segregation ratio of
the mutant trait. Refer to the Manual On Mutation Breeding (I) for more details on
population size, etc.

ORGANIZATION OF SHOOT APICES

Shoot growth results from the division and enlargement of cells in the apical
meristem and its derivatives. The overall size and degree of organization of the shoot
apex vary among taxonomic groups of plants; e.g. gymnospermae versus angiospermae.
However, within the angiospermae, the apex of monocotyledonous plants is different
from that of dicotyledonous. Even the individual apex varies in size and degree of
organizaton depending on developmental stage. The shoot apex of flowering plants is
a complex and dynamic structure with initial cells that shift in relative location within
their respective histogenic layer.

The shoot apex of dicotyledonous plants is generally described in terms of the
tunica-corpus concept; i.e. consisting of two zones of cells, namely a tunica with one
or more cell layers overlying a corpus mass of cells. Cells of the tunica divide
predominantly anticlinally so that daughter cells remain within their specific layer and
contribute to surface growth. In contrast, cells of the corpus divide in various planes
and daughter cells contribute to an increase in volume. Cells of both zones may be
involved in the devebpment of a leaf primordim depending on the number of cell layers
in the tunica. If the tunica consists of a single layer, the periclinal divisions that lead
to the formation of a leaf primordium occur in the corpus. If the tunica is multilayered,
however, the periclinai divisions may occur in either the inner layers of the tunica
alone or the tunica and corpus combined. Axillary buds occur in the axils of leaves
and give rise to branches. Developmentally, the axillary bud is initiated after the
primordium of the leaf whose axil subtends it; therefore, the axillary bud is more
closely related to the leaf above it than to the leaf whose axil subtends it. Adventitious
buds generally arise from a single cell of the outermost histogenic layer.
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Subjecting the shoot apex to a mutagenic treatment imposes a stress whose
degree of disruption is related to the kind of mutagen, total dose, dose rate, and
physiological state of the apex at the time of exposure. As a result of mutagenic
treatment, the pattern of growth and development of an apex may be altered drastically.
Also, the consequences of induced damage in the shoot apex will differ somewhat
depending on whether the plant is reproduced sexually or asexually, because gametes
derive from germinal tissue following the transition from a vegetative to a reproductive
(flower) apex and sterility can result from gross genetic changes. These factors are of
no consequence to the vegetatively propagated plant.

For more details, consult references cited in Consultants' Report.

MUTATION INDUCTION

Mutations are induced infrequently (even at high doses of mutagens only a
relatively small fraction of the cell population will carry a particular mutation) and in
single cells (thus, the probability of the same mutation being induced in two or more
adjacent cells is very low). To be expressed, the mutation must be induced in a cell
that survives with its reproductive capability relatively unimpaired as compared to that
of its neighbors (i.e., it and its cell lineage must be able to compete successfully during
subsequent development of the plant). Furthermore, the mutated cell lineage must be
located so that it contributes to the formation of detectable tissue that can be
propagated in the case of asexually reproduced plants or to the formation of gametes
in sexually reproduced plants. Finally, the gametes that carry the mutation must be
functional to produce a viable embryo.

INDUCED CHIMERISM

When a multicellular shoot apex is subjected to a mutagenic treatment, it is
probable that the shoot that subsequently develops will be chimeric for one or more
traits. Even when a single progenitor cell is treated, the subsequent cell lineage might
be chimeric, because (I) the mutation is induced in a chromatid at G2 , (2) a back
mutation (repair) takes place in one of the daughter cells or later on in the course of
development, and (3) the mutation involves a cytoplasmic organelle that leads to
segregation at mitosis.

In theory, the plant breeder can devise mutagenic treatments and cultural
management procedures for the treated material that will tend to minimize the
occurrence of chimeras. However, chimerism cannot be eliminated. The question is,
should the breeder attempt to minimize or optimize the occurrence of chimerism. In
the case of vegetatively propagated plants, I feel that every effort should be made to
minimize the occurrence of chimeras; i.e., try to recover solid mutants (refer to
Broertjes and Van Harten, 1978, for discussions of various procedures). On the other
hand, in sexually reproduced plants, it has been pointed out that chimerism allows the
breeder to sample a larger cell populaton from a limited MI plant population following
mutagenic treatment. Here the problem is how to improve the probability of testing
at least one individual from each chimeric sector (refer to Dellaert's manuscript in
these proceedings for details).

WAYS TO COPE WITH INDUCED CHIMERISM

A non-lethal mutation event that involves a whole genome (ploidy change), an
entire chromosome (aneuploidy), a chromosome segment (translocation, deletion,
inversion), or a single gene within an individual initial cell of a shoot apex that is
reproducibly stable will result in a mericlinal, periclinal or sectorial chimera. The
sector size and plant part that is affected depends on the location of the mutant cell,
the number of other non-mutant cells that contribute to subsequent development of
the plant, tissue, or organ, and the ability of the mutant cell lineage to compete with
the lineages of non-mutant cells. If the mutation involves a visually detectable trait,
the mutant sector can be identified by visual observation and appropriate methods of
propagation (e.g., in vitro culture) can be used to recover non-chimeric plants. In those
cases where the mutation involves a trait that is not visually detectable, other approaches
must be used to identify and isolate the mutant.
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Ways and means have been developed to effectively sample seed progenies from
mutagen-treated dicotyledonous plants (see Dellaert, these proceedings). Other means
of coping with induced chimerism in higher plants will be discussed below. The exact
procedure to be followed by the breeder will depend on his knowledge and understanding
of growth and development in the particular species involved with and without mutagenic
treatment, and relative costs of various procedures versus the expected improvement
in recovering the desired mutant.

Treatment of specific developmental stages where single cells exist that will
contribute to the development of the progeny can be used. For example, immature or
mature pollen can be treated and used in making controlled pollinations; the fertilized
egg (zygote) can be treated prior to the first zygotic division; and the embryo can be
treated during early organogenesis prior to or at the time of formation of the embryonic
shoot apex. These procedures assume an essentially normal developmental pattern
following mutagenic treatment.

Use of adventitious bud technique as described by Broertjes and Van Harten
(1978) whereby adventitious buds, which normally develop from single cells, are forced
to develop from mutagen-treated leaf cuttings (includes petiole base, leaf blade, midrib,
etc.); exposed roots; stem cuttings; and specialized structures (rhizomes, stolons bulbs,
corms, storage roots, etc.). Whereas this approach has been advocated primarily for
vegetatively propagated plants, under certain conditions it might be useful for seed
propagated plants as well. Similarly, axillary buds can be induced to develop following
mutagenic treatment by, for example, seedling decapitation (most applicable when seeds
are treated), selective pruning, application of growth regulating substances such a benzyl
amino purine, etc. Axillary buds generally have lesser-developed shoot meristems;
therefore the mutant cell has the potential to give rise to a larger chimeric sector.
Quite frequently, blind buds are induced by mutagenic treatment; when that happens,
adventitious and/or axillary buds have a tendency to develop, in which case some express
mutant characteristics (Constantin, 1968).

In vitro cell and tissue culture technology offers the means to induce mutations
in single cells that eventually are isolated by regenerating whole plants. Another
approach is to treat the growing shoot tip of a plant with a mutagen and then propagate
via the axillary-bud-proliferation technique to recover those plants that carry mutations.
In vitro culture technology has not been fully utilized from the standpoint of mutagenesis
for crop improvement.

CONCLUSION

It appears that one cannot expect to completely avoid chimerism when higher
plants are subjected to mutagenic treatment. In fact, induced chimerism can be an
advantage in that it allows the breeder to sample a larger cell population per MI plant.
For this particular meeting, the seed propagated plants were the subject of discussion.
Seed sampling approaches based on statistical probability offers a means to increase
the efficiency of mutation breeding without making an effort to control induced
chimerism. Other approaches such as forcing adventitious buds and/or axillary buds and
in vitro culture technology attempt to assure relatively large chimeric sectors that are
more apt to be sampled by the breeder in the course of growing the segregating
population. The extent to which the breeder should use one or another approach should
be based on an assessment of the problem including the degree of expertise available
in plant anatomy, morphogenesis and statistics, and the relative additional cost involved
in growing the MI and M2 generations.
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CHIMERA FORMATION IN M1 PEA PLANTS
RAISED FROM MUTAGEN-TREATED SEEDS

F. SACCARDO
Laboratorio Valorizzazione Colture Industriali,
Cormtato Nazionale per 1'Energia Nucleare,
Centro di Studi Nuclean della Casaccia,
Rome, Italy

The frequencies of induced chlorophyll and morphological mutations
in pea have been investigated. Two objectives were put forward: (1)
to study the chimera formation in M1 plants, and (2) to trace the
ontogeny of the sporophytic tissue.

Dry seeds of the fodder pea variety Parvus from Lamprecht's
collection were treated either with diethyl sulphate (DES) with a
concentration of 20/oo during 15 hrs at 20°C or with X-rays (10
Krad at 800 rad/min). The M1 seedlings were divided into three
classes according to their heights and to leaf spotting 15 days after
sowing in order to study possible relations between mutagen damage in
M1 (low, medium or high) and genetic effects observed in M9. Seeds
derived from pods on the main stem and from each branch of the M1
plants were scored separately in M2 for chlorophyll and morphological
mutants.

A positive relation between M1 injury and chlorophyll mutation
and mutant frequency after the DES treatment was found; in X-ray
treated material it was less evident. In the case of morphological
mutations the class of low injury M1 plants yielded statistically
lower mutation and mutant frequencies than progenies of Mi plants
with medium and high injury caused by both DES and X-rays (MONTI, 1968)

Histological analyses in Pisum seeds have shown that 3 to 6 leaves
are already differentiated in the embryo and that the main and some
axillary apices are present. In our experiments with DES and X-rays we
found more than 90% of the M1 plants to be branched. About 34 and 8%
of the M1 plant progenies segregated 2 and 3 different mutations,
respectively, that occurred in various sectors (main stem and
branches). This means that in the treated seeds there are at least
three primordia each participating in the shoot development.
Occurrence of the same mutational event in more than one branch shows
that shoots in Pisum may have a mutated initial cell in common. As
more than one viable apex is able to develop from one treated seed
embryo, there is a need to keep the main stem and each branch
separately at harvest (MONTI, 1965).

Since the histological analysis doesn't completely clarify the
situation regarding the number of initial cells forming the sporogenic
tissue in a primordium, the M2 segregation ratios after mutagenic
treatment are normally considered to trace the ontogeny of the
sporophytic tissue. Only cases with monogenic segregation (3 normal:l
recessive individuals) will give reliable information of the mutated
sector size in M1 inflorescences. Totally 118 chlorophyll mutations
have been scored in M2 and M3, in the latter generation to see
whether the induced mutations were monogenic recessive. In most of the
cases there was a deficit of recessive genotypes and some were
discarded due to an insufficient number of individuals in segregating
progenies. In the remaining cases the segregation was about 20% and
could be utilized to estimate the mutant sector size in M1 plants.
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Two methods have been applied to calculate the number of initial
cells responsible for the development of the inflorescence of an MI
plant. The first one, called "topographical" and originally used by
D'AMATO (1965) in durum wheat localizes the mutants within the progeny
of each Mi inflorescence. The second approach, described by WEILING
and GOTTSCHALK (1961) in pea, is based on the X2 analysis of the M2
segregation expected for a monogenic chlorophyll mutation regarding 1,
2, 3 or more initial cells being responsible for the organization of
the shoot of the "1 plant. In this investigation we have limited our
analyses to those cases where the recessive mutants segregated close to
the 25% ratio. The results show that more than 63% of the M1 mutated
main stem and branches are derived from one initial cell, the remainder
from two (27%) or more initials (9%). If the stems are considered
separately from the branches, it was found that 50% of the '!1 stems
and 77% of the branches carrying mutations were derived from one

initial cell. It could thus be concluded that the sporogenic tissue of
the main shoot apex has a higher number of initial cells than the

axillary apices. In our experiments up to 4-5 initial cells can be
responsible for the formation of the sporophyte tissue in a M1 stem
and branch. The lower M2 segregation ratio and the higher frequency
of mutations observed in M2 plants derived from the main stem of M1
plants support this conclusion.
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HANDLING OF THE FIRST AND SECOND GENERATIONS
FOLLOWING MUTAGENIC TREATMENT OF SEEDS
IN DICOTYLEDONOUS PLANTS

C.R. BHATIA, V. ABRAHAM
Biology and Agriculture Division,
Bhabha Atomic Research Centre,
Bombay, India

In order to increase the efficiency of mutation experiments it is
necessary to maximize the mutation rates realized in the M2 generation.
Theoretically, the single seed (einkon oulk) method suggested as early
as 1943 by Freisleben and Lein is ideal for isolating independent
mutations in the ŽM2 generation (see Yoshida, 1962; Redei, 1974; Dellaert,
1979). Several modificatlons of this method have been suggested and used
(Konzak and Mikaelsen, 1977). Perhaps, the best method is that of Dellaert
(1979) who suggested identification of the mutated Mt plants by single
seed progeny testing and then using the spare seed from each Ml plant
which shows the desired mutant in the Mz. However, in practical breeding
programmes harvesting, planting and record keeping In the single seed
method require considerably more efforts. Moreover, there is always the
question - from where to pick that single seed? From the bulk harvest on a
single plant basis or the first fruit on the main stem or primary, secon-
dary or tertiary branches. Essentially, the problem then is to find the
seed(s) originating from the mutated sector that is likely to show the
mutant phenotype with a high probability. With the present knowledge,
it Is not possible to make any specific recommendations.

A number of biological and non-biological factors are likely to
influence the results. The breeder has to make his own decision con-
sidering the extent of differentiation in the seeds that are mutagenized,
ontogeny of the seedling and the facilities and resources available to
him. In the latter, availability of land, skilled, semi-skilled, non-
skilled helps compatibility of machines and above all, the overall
objectives of the programme are important points to consider.

Parameters likely to influence the size of mutated sector

In our Research Centre, we have some experience with dicotyledonous
plants listed in Table I. The parameters that are likely to influence
the size of the mutated sector in the M1 plants and consequently affect
the mutation frequencies observed in the Ma generation are listed in
this table. These species differ in:

a) Embryo size and cell number, size and cell number in the
apical initials of epicotyl that are exposed to radiations.

b) Growth habit.

c) Branching.

d) Phyllotaxy.

e) Bearing of flowers and fruits.

f) Number of fruits/plant, seeds/fruit and consequently
the number of seeds produced per plant.

Besides, branching is often enhanced or the phyllotaxy is altered
in the plants originating from mutagenized seeds. Practically no in-
formation is available on the ontogeny of these plants which is a prime

25



factor influencing the derivation of generative tissues from the muta-
ted sectors. Further, cultivaral differences, photoperiod and thermo-

period during crop growth can alter developmental pattern. This could
be significant especially when the M1 generation is not grown in the

main cropping season in tropical and sub-tropical areas where crops are

grown throughout the year.

in most of these crops, it was found convenient to harvest single

m. olants separately and to grow -he ho as Dpant progenies. Jsuaiiv,
56-LOO plants are grown in each progenO. A large number of different
vypes of mutants, torn of agronomic Ind gaenetc interest, have been
isolated in these croos oased on i/sua sooser/aclons alone. in some

of the crops, these mutancs represent the largest variation that has
oeen reoortec so far On the 3asis rf t-nis :<oerience, ee can say rhat

.n solte of LCS manv drawoacks, -ne pLanc progeny method is a convenient
orocecure to follow for isolating mutants zn Jicotvledonous plants, In

some crops, a limited number of M. olant progenies dere screened, yet

they could yield the desired mutants. It may be recalled that Gregory

(1957) screened only '8 M1 plant progenies on an average and could
isolate a large numoer of aesiraole mutants.

Mutation experiments in Abelmoscnus esculencus (okra)

Among the crops that our group has been working, screening for

viable mutants in okra requires a large area because of the wide

spacing necessary for this crop. Hence, experiments were initiated
to find the most efficient method to carry forward the M1 progenies
(Abraham, 1981). Okra has single monopodial branching pattern, produces

single axillary flowers and fruits on the main stem and also on the
brancnes. Each fruit produces about 50 seeds and each plant about
10-12 fruits. It is a polyploid crop with chromosome number 2n = 130.
In order to find the best method for isolating independent mutants,
three procedures were following in gamma ray treated M1

L. Seeds obtained only from the first fruit on the main stem
of M1 plants were sown.

2. Individual fruits of the main stem (other than the first fruit)
and fruits from the primarv and secondary branches were sown.

3. Seeds harvested from all the fruics except the first fruit on
the main stem of 83 randomly selected, individual M1 plants
were bulked and sown.

Mutation frequencies for chlorophyll and viable mutants were

estimated on 100 M plants as well as on 100 M2 seedling basis.

Highest chlorophyll mutation frequencies were obtained in the third

experiment where bulked seeds of the individual M1 plants were sown.
The 12 segregating families were further analysed on the basis of
their individual fruit data. Out of these 12 plant progenies, only

4 segregated for mutations in the first fruit and another 5 on an
individual fruit basis. On the M2 seedling basis also, the respective
mutation frequencies were 1.54, 1.06 and 0.87% in bulk, first fruit
and individual fruit progenies.

Further mutation rates observed in fruits produced on the main
stem and on primary and secondary branches were compared, 3.39% fruits
from the main stem segregated for chlorophyll mutations while only

2.36% fruits from the primary and secondary branches segregated for
chlorophyll mutations.

M- plants segregating for viable mutants also were more in the

case of the bulked populations (28.92%) compared to the population derived
only from the first fruit on the main stem (7.18%). Similarly, on the
basis of 100 M2 plants, the mutant frequencies were 2.91% in the bulked
seed experiment and 1.70% in the first fruit experiment. Altogether
21 viable mutants were obtained in the progenies of the first fruit
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compared to 12 mutants obtained from the bulked seeds. Nine mutants
were common in both the groups. Twelve additional types of mutations
were recorded from the progenies of the first fruits.

On the basis of these experiments, we infer that in okra it would
be ideal to harvest only the first fruit on the main stem of each M1
plant. Each fruit would yield around fifty seeds that can be used to

raise the M2 as single fruit progenies or for making single seed bulks.
-I would not be necessary to keep any records of planting Tdentical

mutancs in the progeny of the same fruit are likely to be the result
of the same mucacional event and could be discarded as duplicates. In the

single seed bulk, each mutant would represent an independent mutational
event. Single or multiple seed progeny testing can be done, and the
remaining seed can be used further if records are maintained as sug-

gested oy Dellaert (1979).
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TABLE I. VARIATION IN THE
MUTATIONS IN THE M2

PARAMETERS LIKELY TO IPFlUENCE 'TiE SIZE OF MUTATED SECTOR IN TIE M , AND HECOVI.:EY O)'

Approxi mute
Family, Embryo Growth ra ing odjs ol Seeds per nuiLbeL of :,eeds

Ecbrnounon. namereceic uits , Bjran chinog Inflorescenpeespecies, size habit fruits [Jer pod or produced per
common name plant, ca. fruit MI plant

Cruci ferae

Brassica

juncea
(mustard)

Small Erect Many Long racemes 300 ()-14

Malvaceae

Abelmoschus
esculentus

(okra)

Medium Erect Mono pod L Ul Solitary,
few axillary

10-1' 50 500

oo

Teliaceae

Corchorus

capsularis

(jute)

Corchorus
olitorius

(Jute)

Small Erect Only altiL 2-3 flowers
flowerin i in leaf axil

200 1; o (Ou)O-8i) t

Small Erect Only aftci 2-3 flowers
f'Loerin g in leaf axil

1 0o 1 (U 1(iou-17)00

Leguminosae

CaJanus
cajan

(pigeon pea)

Medium Erect 1li ot L'ub 

Axlllary, at
Limies termnllall

corymbose
racee s

Axillary
racemes with
long peduncleJ

Vl lilyl
vol ialot.

j -4i i gli gll y vai lable

Vigna
radiata

mung bean)
Medium

Erect,
sub-erect
or twlnlng

1'C W I (O-O 10- 1 ' .L L-2U00



TABLE I (continued)

Appi oxll mate
Family, Embryo Growth ng Pods or0 Seeds per numlber ol seeds

.. ecies, , , ,Branching Inflorescencespecies, size habit fruits per pod or piodluced per
common name plant, ca. fluit Ml plant

Vigna Erect, Axillary
mungo Medium sub-erect Few racemes with 10-20 10-15 1>0-200

black gram) or twining long peduncles

Arachis Sub-erect
hypogaea Large or Few Solitary, 10 -3 -8
(groundnut) trailingaxillary (underground)

Pedaliaceae

Sesamum Solitary,
indicum Small bra ed Few axillary or 40 b0 21100
(sesame) 3 per axil



GAMETOPHYTE IRRADIATIONS
IN SOME DICOTYLEDONOUS CROP SPECIES
Prospects and results

F. SACCARDO
Laboratono Valonzzazlone Colture Industriali,
Cormtato Nazionale per 1'Energia Nucleare,
Centro di Studi Nuclean della Casaccia,
Rome, Italy

Several experiments have pointed out the utility of gamete
treatments in mutation breeding. By this technique the IM1 embryos
are generally heterozygotic for the induced mutation(s) and a chimeric
situation is avoided. Gamete irradiations in monocotyledonous species
as barley and durum wheat resulted exclusively in non-chimeric
harvested seeds (GAUL, 1965; DEVREUX et al., 1968; DONINI et al.,
1970). However, in dicotyledonous species as tomato (CONTANT et al.,
1971) and peas (MONTI and SACCARDO, 1969) a low frequency of chimerism
in M1 plants has been demonstrated, in tomato between 5 and 10%. The
few cases of chimerism found in peas are associated with persistent
chromosome aberrations like dicentrics (SACCARDO, 1971).

Gamete development and haplophase occur during a relatively short
period of the plant ontogony and different stages vary considerably in
radiosensitivity. It has been demonstrated in tomato that the
frequency of transmissable aberrations is strictly correlated to
radiosensitivity. Pollen mother cells (PMCs) are more sensitive than
other stages (CONTANT et al., 1971).

The following ontogenetic phases can be considered in order to
avoid chimeras in Mi:

i. PMC. Gamma irradiation in tomato (CONTANT, loc. cit.) and in
pepper (Capsicum annuum L. (SACCARDO, in preparation) have given very
low frequencies of visible mutations in M2. An effective elimination
of drastic changes has apparently taken place, and/or an excission
repair mechanism may have reversed the lesions caused by the mutagen
treatment. PMC irradiation might be especially favourable when true
gene mutations are desired.

2. Pollen. Haplontic selection after gamma irradiation seems to be
governed mainly by damage induced in the generative nucleus. The high
degree of fertility restoration found in tomato and pepper from M, to
MI suggests that the elimination of gross aberrations has been very
efficient. This process can take place in e.g. the second mitotic
division in the pollen tube. Nevertheless, judging from slight
residual effects in M1 the elimination of aberrations seems to be
less effective than in PMC treatment.

3. Gametes. Here both parental genomes can be irradiated resulting in
more induced non-chimeric mutations in the M1 embryo. On the male
side the division of the generative nucleus has already taken place. A
haplontic selection in the style after irradiation of the two
generative gametes can be virtually excluded as found in tomato
(CONTANT et al., 1971). Gamete irradiation gives a very high frequency
of recessive gene mutations but also a relatively high frequency of
drastic chromosome aberrations in M1 plants.

At Casaccia, mutation breeding is carried out in pea and pepper.
In the two experiments described below, results of seed and pollen or
gamete irradiations have been compared.
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In pea either seeds or pollen of the canning variety "Sprinter"
have been irradiated (SACCARDO, 1980). In M2 all the observed
mutations were classified into chlorophyll or morphological mutations.
A higher frequency of the latter types was found after pollen
treatments than after seed irradiations. The material coming from the
different treatments was subject to the same selection procedure from
M2 and onwards with emphasis on good egronomic performance. In '8
two lines outyielded the other selected mutant lines and all the
controls. Both lines, coming from :K-rav treatment of nollen, nave been
released as new canning pea varieties under the names "Esedra" and
22avora" (SACCAPDO, MONTI and VITALE, 1979).

In pepper (Capsicum annuum L.) gametes were irradiated with 750
rad of gamma rays. As a comparison, seeds were :rradiatea with 2,0CC

rad of fast neutrons. Chlorophyll and morphological -utations have
Deen observed in >'^ anc later generations. Cf the ':I plant

progenies 39.3% showed mutations after seed irradiation; the
corresponding figure after gamete treatments was 19.6%. The
morphological mutations found in M2 and M3 originated from
different fruits of the M1 plants in the seed treated material. The

chimeric situation was evident and it was found that the first
appearing fruits carried more mutations than the late appearing fruits,
the range being between 31.4 and 7.5%. Results from gamete
irradiations at different developmental stages showed that the mutation
frequencies gradually increased from the pre-meiotic stage over
mononucleate to binucleate pollen stages. Although the number of lines
selected for morphological traits was larger after seed irradiation in
the earlier generations, a repeated selection for economically
important traits favoured mutant lines derived from gamete treatments.
In M2 43 lines were grown, of which 8 originated from seed
irradiation and the remaining 35 lines from gamete treatments.

According to our experience, pollen and gamete irradiations have
proven to be at least as efficient as seed treatments to obtain
valuable mutations for plant breeding. Compared to seed treatments the
pollen and gamete irradiations offer the following advantages:

1. All induced "visible" mutations that are not associated with
haplophase or embryonic lethality are detectable.

2. Fruits/seeds for progeny tests can be harvested on any part
of the M41 plant and a sufficient large offspring can be
obtained even in the case of severe M1 sterility.

3. The possibility to obtain large numbers of M2 seeds allows
the mutant phenotype to be studied in different genetic
backgrounds as independent segregation of other mutations
induced in the same cell may occur.

4. A relatively small number of M1 plants is needed from which
useful mutations can be selected in the next generations.
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EFFICIENCY OF MUTATION PROGRAMMES

L.M.W. DELLAERT
Ministry of Agnculture and Fisheries,
's Gravenhage,
Netherlands

In times of economic recession, much more attention is paid to
the efficiency of methods used to obtain a given objective than in
-;ies f' grow-ih. Tn-s applies also for mutation breeding programmes.
The discussion concerning efficiency of mutation breeding programmes
s1 concentrated around three topics, namely:

1. The tyre of mutants which are obtained.

2. The optimal mutagenic treatment to induce a maximum number of
independent mutants.

3. The selection method to be used in order to extract a maximum
number of independent mutants.

Type of mutants

In the Manual on Mutation Breeding (2nd Ed., IAEA, Vienna, 1977),
a ;-ide variety of useful induced mutants in seed propagated crops are
listed. This shows that with mutagenic treatment characters can be
changed in a desirable way.

The use of these mutants in cross breeding programmes increases
(Micke and Donini, 1982), apparently because of the induced desired
character is fixed in already established varieties and in contrast
with wild plant species, neither repeated back crosses are necessary,
nor linkage to undesired characters occurs if these mutants are used.
On the other hand, it is said that in general, due to relatively high
doses and mass selection, mutant lines are extracted with accompanying
deleterious mutations. These lines have to be improved by back-
crossing.

The optimal mutagenic treatment

There is a maximum in the number of mutants for direct use (with-
out accompanying deleterious mutations) as well as in the number of
mutants for indirect use (with accompanying deleterious mutations) in
the M2. The theoretical background and the formulae for the calculation
of this maximum number of mutants and the optimum mutation rate are
published in detail elsewhere (Dellaert, 1979, 1980b). The optimum
mutation rate depends on the genotype of the parent, i.e.

- the number of loci capable of positive mutation, for example
A A_ a

- the number of loci that can only mutate in an undesirable way,
for example deleterious mutation B A___, b

- the number of loci that when mutated and in homozygous state do
not permit expression of the desired mutant, for example
deleterious mutation B1 _ ,_A., bl.

In the progeny of M1 sectors, heterozygous for both desired and
deleterious mutations, theoretically the 'ideal recombinant' is
potentially present in the M2. Therefore, from each Mi progeny that
shows a desired mutant M2 lines should be raised. From M3 onwards,
line selection is for an undisturbed background.
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The selection method

Apart from the mutagenic treatment which determines the mutation
rate, the relative number of independent mutants in the M2 is also in-
fluenced by the selection method.

As is snown by Redei (1975) and ay other authors, f3r unssance
•onzak and Mikaelsen (1977), with one offsprlng per 'I plant the rela-
t7ie fresuencyr of :ndependent mutants :.n tne M'2 population :s -axlmal.
However, these authors have not taxen .nto consideration the 'i popula-
tion size. T aole _ shows tne numoer o.. pants t.at as to ce ra-ised n

tae '41 and Nz2 - with increasing -'1 ?roseny size - i. order o -nave the
same prooabllity for the selection of .ndependent mutants in the M2.

it can ce seen that wnlth nrigher ss r Ocs plant grw-t. ane
harrest than for M2 growth and screening, for instance when seecztcs
for mutants is at seedling stage, a '1f progeny size larger than one,
the storage of M2 seeds for future selection purpose [ (1) for differen
characteristics, and (2) for selecting the desired mutant in an undis-
turoed genetic background] and lnternat-onal co-operation un providing
representative samples of M2 seeds for mutant selection should be tzaen
into consideration.

TABLE I. THE RELATIVE PT2IBER OF M.1 -'D M2 PLA.ITS FOR EQUAL PROBABILITY
OF SELECTING A FIXED NIM4BER OF INDEPENDENT MUTANTS (GENOTYPE aa) TIN THE a2

/a
Mi progeny M2 plants 4M plants-/ M. + M2

size ) x)(y) ( ) plants

1 l 7 2y

2 1.14 0.57 y l .72 ;Y

4 1.46 yv 0.37 Y1 1.83 i

6 1.67 y, 0.28 y, 1.5 Y

8 2.02 yl 0.25 1 2.27 y!

10 2.50 yl 0.25 Y1 2.75 Yi

/a = non-chimeric M1 sector

34



CHIMERISM IN M1 PLANTS OF Vicia faba,
Capsicum annuum AND Linum usitatissimum

T. HERMELIN, H. BRUNNER, S. DASKALOV, H. NAKAI*
Division of Research and Laboratories,
International Atomic Energy Agency, Laboratories,
Seibersdorf, Austna

I. INTRODUCTION

After more than 50 years of studies the induction and selection of
beneficial mutants for the improvement of crop plants is still largely
a matter of chance as

(i) mutation frequency in particular loci is very low (Brock,
1979);

(ii) clear-cut knowledge about a possible relation between choice
of mutagen and mutation spectrum is not yet established; and

(iii)some induced mutations are not carried to M2 as the seeds
harvested from chimeric M1 plants may not derive from
mutated sector(s).

However, these three obstacles have not discouraged plant breeders
in their efforts to search for useful mutants in a great number of crop
species. The low mutation frequency can be compensated by large
mutagenized populations and an efficient screening procedure.

One important task of our group at IAEA is to develop procedures
aiming to improve sampling of M2 seeds to facilitate the recovery of
a maximum number of induced mutations in crop plants. Results from
studies on three species are reported in this paper. Seeds have been
mutagen treated and the chimeric M1 plants were progeny tested in
M2. The position of the M2 seeds on the M1 plants has been
recorded. Although the methodology is slightly different for each
species, there was a common objective:

Is it possible to obtain a higher number of mutants by harvesting
seeds from particular parts of the M1 plant, or can random sampling
be as efficient?

II. MATERIALS, METHODS AND RESULTS

1. Vicia faba minor.

Seeds of the cultivar Wieselburger were treated with physical or
chemical mutagens. 578 M1 plants with 4 to 8 pod-bearing nodes and
segregating seedling mutants in M2 (chlorophyll and morphological)
were screened. The frequency of mutants derived from various node
positions was recorded and all M2 seedlings could be traced back to
their position on the M1 plant. The lowest seed-bearing node was
defined as node no. 1, lateral branches were not considered.

In 21% of the cases (121 plants), more than one mutant phenotype
was found among M2 seedlings of the same M1 plant progeny. The
total number of mutations identified was 719. About half of the
mutations occurred in one node only (Table I). The mutant sectors
involved one, two or three nodes in the approximate relative frequency
of 4:2:1, respectively.

* Permanent address: Faculty of Agriculture, Shizuoka University, Ohya,
Shizuoka 422, Japan.
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The number of normal and mutant M2 seedlings were screened and
the origin as to node position on the M1 plant and the number of
fertile nodes per plant was considered. The statistical evaluation in
Table II shows that node no. 2 has almost consistently yielded the
highest mutant frequency, though differences between the three lowest

nodes were sometimes insignificant (Table II). The results indicate a
decreasing incidence of mutants and a lower fertility (no. of M2
seedlings) at the higher nodes; an exception to this trend is the
lowest node position (node no. 1) at which the mutant frequency appears
to be biasea by a reduced seed set.

In conclusion the pattern of chimeric distribution found in this
project has indicated that the highest degree of recovery of M2
mutants has been obtained from M2 seeds situated on the second and/or
third pod-bearing node(s). In Vicia faba cultivars of similar
architecture as Wieselburger, the results should be considered in
mutation plant breeding.

2. Capsicum annuum

F1 seeds derived from a cross of the two lines W-8 and C-3-1

heterozygons for several marker genes were irradiated with 6, 8 or 10

Krad gamma rays. The position of the fruits was recorded at maturity

as shown in Figure 1. A total of 1210 M1 plants were examined for
chimerism by the use of marker genes, or for sterility (mainly caused

by chromosomal aberrations). Furthermore, seeds from fruits at the
position 0 of 792 M1 plants and of 178 of control plants were progeny
tested for chlorophyll mutations. When chlorophyll mutants segregated,
all the fruits of the entire M1 plant were progeny tested.

Nine out of 1210 plants showed expression of the recessive markers
or aberrational sterility. This low mutation frequency does not allow
definite conclusions. However, the shoot up to the first bifurcation
(0 position) was chimeric in all 9 cases and a displacement of either
normal or mutated tissues occurs at this position (Figure 2).
Preliminary observations from M2 chlorophyll mutation tests of seeds
from lower fruit positions confirm this statement.

The topography of the chimerism in 54 M1 plants was studied by
means of progenies segregating chlorophyll mutations in the M2
generation and different chimeric patterns were observed (Table III).
In 21 cases the M2 seeds from position 0 and all subsequent branches
segregated chlorophyll mutations (chimeric pattern A); in 23 cases one
main branch did not carry mutations in the seeds (chimeric pattern B).
Two different mutant phenotypes were segregating in two cases (chimeric
patterns E and F). It is interesting to note that the chimeric pattern
G was not found. The segregation ratios from different M1 fruit
positions (0, I, II, etc.) of plants having the chimeric patterns A and
B are shown in Table IV. Diplontic selection above the main point of
bifurcation could not be proven.

In conclusion, the results suggest that out of the many M1 fruits
those of the main bifurcation should be harvested since it is most
likely that their seeds will segregate mutations. In case no fruits
are formed at that position, those from each main branch should be
considered.

3. Linum usitatissimum

Seeds of the variety Clubert were treated at Seibersdorf with three
doses of either gamma rays, fast or thermal neutrons. Capsules of each
branch were separately harvested and recorded as shown in Figure 3.
Seeds from the top capsule of 3980 M1 plants and 1050 control plants
were screened for seedling mutants in the greenhouse. In the control
population no mutants were observed. 185 M1 plants carried mutations
and were investigated in detail.
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Results of the progeny tests of M1 plants are summarized in Table
V. A trend towards a lower segregation ratio of M2 mutant seedlings
from seeds of the lower positions of the stem can be seen. From an
ontogenetic point of view this means that the size of the mutated
sector increases in the later developed parts of the shooot, implying
that the mutated cells participating in the formation of organs in the
top position have no competitive disadvantage. Nevertheless, other
mutated sectors may have been eliminated during ontogenesis. The size
of tne sector carrying the observed mutation has increased at the
expense of other sectors. The data lead to the conclusion that mutants
may be more readily recovered from seeds at the top position of the
stem.

Data in Table V do not support the results of Beard (1970), that
only one initial cell is responsible for the development of sporophytic
tissues. Observations in 29 M1 plants, where more than one stem was
investigated, are in line with these data. In these plants mutant
segregation occurred either in the main stem (18 plants) or in one of
the secondary stems (11 plants) implying that they are ontogenetically
independent.

III. CONCLUSION

Our investigations imply that mutated sectors of M1 plants are
non-randomly distributed. Appropriate harvest procedures are decisive
for a high recovery of mutants and for improved economy of mutation
breeding.

TABLE I: The chimeric distribution of mutations within 'i1 plants of

Vicia faba minor. No. of nodes involved.

Nodes Number of mutations occurring in| 
per Total
plant one two three four five six nodes

4 41 22 9 0 - - 72

5 143 85 40 7 1 - 276

6 106 48 22 9 7 1 193

7 70 24 19 3 4 0 120

8 27 18 7 6 0 0 58

Total 387 197 97 25 12 1 719

% 53.8 27.4 13.5 3.5 1.7 0.1 100
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TABLE III: Frequencies of various chimeric patterns in M1 plants of

Capsicum annuum L. M, M1 = fruit segregating a mutant

phenotype, 0 = fruits not carrying mutated M2 seeds.

Pattern A 3 C D

' I~1 \ / \/ \/ \ , \ \ \ / \' / \/ 
II | M M 0 0 :i 0 , ' M

; \,/ \/ \/ ' \ ' ' / 
! I M 0 '4 M Others

I I Of i 
Io .of____

Noeof 21 23 5 3
cases

Pattern E F G

,\/i \/ \/ \/ \/\ \/ \/ i\/ \ \/ \ 

, I MM-l ' / . O 

O 1M 1Mm 1 1 
I 0 I MM IM j M 

No. of
cases 1 1 

TABLE IV: Segregation of normal : mutant seedlings in M, of Caosicum

annuum. Pattern A and B; cf. Table II1.

Pattern A Pattern B 

Position
No. of No. of
fruits Segregation fruits Segregation

V 16 477 : 92 10 321 : 68

0.19 0.19

IV 39 1290 : 261 19 593 : 129

0.20 0.21

III 64 2113 : 476 44 1399 : 321

0.22 0.22

II 34 1137 : 240 24 747 : 166

0.21 0.22

I 19 668 : 125 9 275 : 60

0.18 0.21

0 21 744 : 159 23 793 : 156

0.21 0.21

Heterogeneity between positions: Pattern A

Pattern B

39

X2 

X2 =

3.22

2.10

P > 0.5

P > 0.8



TABLE V: Segregation of mutants in M2 of Linum usitatissimum

No. of Normal : mutant Segregation
Branch no. branches seedlings i ratio

i j 151 1i27: &41 0.24

2 157 1230 :355 0.22*

I I

3 1 152 1697 : 428 0.20*

I i · I

4 149 1580 : 363 : 0.18*

5 134 1267 : 260 0.17* 

6 and lower , 102 764 : 142 0.16*

Total 845 8115 : 1989 0.20*

*___ _________ I ________ i_________i _______ i

*Significantly > 95% deviating from the 3 : 1 segregation

$ \ , % *- . % ' -

1 'Zcl I EI 11

a;0 Ij\

a'1 

ail

,

Figure 1: The system used for labelling the fruit position on the M1 Capsicum plants
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m

Mm

0
0

Figure 2: Example of a chimeric M1 Capsicum plant.

M - undeveloped fruit due to aberration sterility.
0 - normal fruit
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1f' / II
1

Figure 3: Branching system scheme of flax. Main stem (I),

secondary stems (II and IIU). Branches

(1, 2, 3, etc.) with sub-branches numbered

from the top of each stem. Branches of secondary

stems not shown.
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CONCLUSIONS AND RECOMMENDATIONS

Many plant species of economic importance (e.g., legumes,
vegetables and oil and fibre crops) belong to the taxononic order
Dicotyledoneae. Within this group there is a great diversity regarding
mode of reproduction and organogenesis, and this necessitates tnat
specific approaches to be taken in breeding. This applies irrespective
of whether seeds or other plant tissues are exposed to mutagens. When
these targets are mutagenized, individual cells are nutated
independently and their descendants form, together with cells of other
genetic constitution, a chimeric shoot. The fate of the mutated tissue
depends largely on the size of the apex and its organizational
complexity, on the number of initial cells at the time of treatment, on
the potential of these cells to participate in the formation of the
sporophytic tissue. In comparison to the Monocotyledoneae, less is
known about the development of chimeras in dicotyledonous plants.

In order to review and evaluate the present knowledge about
chimerism following mutagen treatment in seed propagated dicotyledonous
plant species, the Joint FAO/IAEA Division of Isotope and Radiation
Applications of Atomic Energy for Food and Agricultural Development
invited consultants to a meeting in Vienna from 30 November to 4
December 1981. The consultants reviewed and discussed the way chimeras
arise and develop after mutagen treatment in a number of plant species
and the consequences for mutation plant breeding. In order to
facilitate an understanding of the phenomena discussed during the
meeting, the terminology used in the following conclusions and
recommendations is explained in Annex I.

1. ORIGIN AND MECHANISM OF CHIMERA FORMATION

Exposure of plant tissues (meristems) to radiations or
mutagenic chemicals results in a chimera as the cells mutate
independently and the descendants of each mutated cell may form a
sector within the M1 plant. From an applied point of view, it
is important to understand the development and fate of chimeras.
A mutation induction experiment must be designed to ensure a
reasonable probability of identifying useful mutants (BROCK, 1979).

1.1. Architecture of the shoot apex
Although there is a large diversity in embryo size and

developmental organization in seeds of dicotyledonous species

(OSBORNE and LUNDEN, 1965), some general features can be
described. In a typical dicot bud or embryo, an apical dome of
meristematic tissue can be observed, around which are arranged in
a defined order a series of leaf pimordia of increasing age with
increasing distance from the apex. The primordia develop into
leaf initials and these in turn subtend axillary meristems which
can develop into lateral branches or flowers. The apex consists
of a low number of tunica layers (usually 2 or 3) which are
characterized by anticlinal cell divisions. Each of these layers
has a reasonable degree of independence and continuity, though
periclinal divisions do occur, and cell mixing can ensue. Below
the tunics is the corpus in which cell divisions are not strictly
orientated. The former contributes mainly to surface growth and
the corpus to the growth of the mass of tissue. The various
theories about the architecture of shoot apices are reviewed among
others, by CUTTER (1965), ESAU (1965), GIFFORD and CORSON (1971),
HARA (1973), SOMA (1973) and BROERTJES and van HARTEN (1978).

The growth of a shoot apex has not been defined in absolute
terms. The point to stress is that it is a dynamic system with
considerable "cell movement" occurring. Growth probably occurs as
a result of divisions in a few meristematic cells at the tip of
the apex - the apical initials - which retain their position at
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the tip for a time. These initials divide at a relatively slow
rate, and their daughter cells continue to divide as they are

moved away from the tip. At the flanks of the apex where the leaf
primordia arise there are regions of considerable meristematic
activity. These features are described by Gifford and Corson
(1971), and by Stewart and Dermen (1970). There is no evidence
for a quiescent centre akin to that found in root meristems
(Clowes, 1961, 1964).

The dynamic nature of development and differentiation in
snoot apices of dicocyledonous plants means that a cell at the
time of exposure to a mutagen may give rise to later formed
meristems which can give rise to important parts of the plant.
This point is explicitly stated since many of the studies of
c-imeras have been undertaken in cereal plants. In these the
r'eristem that gives rise to the first tiller is usually already
well established in the seed at the time of the mutagenic

treatment (Kawai, this meeting). The panel felt that the
contrasting situation in monocots and dicots could have important

consequences in terms of cell competition and the development of
chimeras.

1.2. Heterogeneity within the shoot meristem
There is great variability in cell size, organization

(including cell number) and level of mitotic activity between the
cells of an active meristem in constrast to dormant meristems
where most cells will probably be in the GC phase (AVANZI et

al., 1963).

Cells in different phases of the mitotic cycle show different
degrees of sensitivity both to sparsely ionizing radiation and to
chemical mutagens, in terms of chromosomal aberrations (SPARROW,
1951; SPARROW et al., 1965; BENDER et al., 1974). Other sources
of variation in the mutagen susceptibility of cells within a
meristem could be the oxygen tension (likely to be lower in the
deeper cell layers) which would affect the response to sparsely
ionizing radiations. Whether cells which are "resting" (i.e. not
actively dividing or having a long cell-cycle) differ in their
sensitivity to mutagens is not known, but it is possible that
their capacity to repair damage is greater.

The variation in mutagen sensitivity among cells of an

exposed embryo will result in different degrees of chromosomal
damage, and this in turn will affect the meristematic potential of

those cells. Neither the degree of correlation between
chromosomal damage and loss of reproductive integrity or cell

death, nor the differential response of the cell in the different
phases of the cell cycle in terms of mutational damage are clearly
established. As cells in late S and G2 have twice as many
targets as those in G1, one may expect a higher rate of
mutation. The indicated heterogeneity of the cell population will
result in different mutagen effects in the cells, at least in
terms of chromosomal aberrations.

1.3. Competition between cells within the meristem
Mutated cells and their descendants may be subject to

diplontic selection (GAUL, 1959). Mutagen treatment can disturb
the pattern of further development of meristematic tissue due to
cell death, inhibition of mitosis, chromosome aberrations or gene
mutations.

The number of surviving apical cells after mutagen treatment
is important for the further development of chimeric sectors
within the M1 plant. After severe mutagen treatments the number
of apical cells participating in the further development of the
M1 plant will decrease. This may yield either larger mutated
sectors in the M1 plant (GAUL, 1961) or cause rearrangement of
tissues within a treated apex (references by van Harten, 1978,
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p.6 4-6 5) leading to gross changes of plant structure and
morphology, and/or to the development of new apices in
unconventional positions.

Gross chromosome aberration, resulting in loss of chromosomes

or chromosome segments will lead to reduced competitive ability or
even death of cells. However, cells with some types of chromosome

changes such as symmetrical reciprocal interchanges or small
deletions and inversions are able to compete effectively with
unchanged cells (SACCARDO, 1971; SACCARDO and MONTI, 1974).

It seems reasonable to expect that cells carrying true
recessive gene mutations in the heterozygous state will be

competitive with other cells. Even if the mutated allele is not
recessive, its expression may be restricted in the differentiated

plant. Only when mutations affect genes with basic functions,
e.g., membrane structure, metabolic activity of the cell, etc.,

they are likely to change competitive ability. There seems to be
no a priori reason or evidence for assuming that a cell with DNA

damage causing a lengthening of the cell cycle, inhibition of
mitosis, or any chromosomal lesion is more or less likely to carry
a gene mutation.

The possibility of a changed competitive ability of a cell
has to be related to its position within a primordium. If a

mutated cell with a slight disadvantage is in the centre of an
actively dividing primordium, then its descendants are likely to
form a small chimeric segment or be displaced. If it is in a
position where all the cells are dividing slowly and thus facing
less competition, the consequences of the disadvantage are going
to be less. In this case, the chances of its inclusion in a

meristem and of producing a larger chimeric segment are greater.
The significance of the position of an affected cell in a
primordium and of the total number of surviving cells in an apex

will vary greatly with species and genus. However, the initial
position of the mutated cells in a meristem will influence their
participation in school development as determined by the degree of
apical dominance.

1.4. Effects of mutagens on chimera formation
Investigations on the influence of different mutagenic agents

on the chimeric structure of M1 plants are scarce. However,
some extrapolations can be made from the more extensive research

in cereals and from the mode of action of mutagens in these crops
(Manual on Mutation Breeding, 1977).

The chimeric development can be influenced by the condition
and architecture of the treated apex, by the kind of mutagen and
by treatment procedures (BALKEMA, 1971). As indicated earlier
(Section 1.3.) an increasing dose generally yields larger and
fewer sectors (WEILING, 1960). Mutated sectors seem to be larger
after irradiation than after EMS treatment (HILDERING and VERKEK,

1965). More chimeras were obtained after EMS than after X-ray
mutagenesis in Arabidopsis (GICHNER and VELEMINSKY, 1965) and in
Vicia sativa (ZANNONE, 1964). This is due to the differential
ability of the mutagens to induce different classes of
aberrations. Ionizing radiation induces a higher frequency of
chromosomal aberrations than EMS and this seems to cause a greater
amount of cell elimination (BALKEMA, 1971) leading to a reduction
of the number of initial cells and an increased size of mutated
sectors. Chemical mutagens that induce a high frequency of
chromosome aberrations may have a similar effect as ionizing
radiations on the chimeric structure.

2. METHODS TO DECREASE CELL COMPETITION IN M1
A large proportion of induced mutations in a treated meristem

will not be expressed in later generations. A mutated cell may
either be in a position from which the sporophytic tissue is not
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normally developed or it may have a competitive disadvantage
(Section 1.3). In order to promote the expression of induced
mutations, including the recovery of large mutated sectors,
various techniques can be used.

2.1 Post-treatment manipulation of 'rI plants
This approach is generally -sc_ in ;eetai'ely propagated

plants (e.g. BROERTJES and van H-:_r, 1978; van -ATEN, 1978).
The normal apical dominance can -e -^sturbed bA truning, altered

planting density or hormonal trea-ernts. hnese metnocs all aim to
encourage the development of a:-'ill and ad-entilious buds and
thus sample a greater proportion r- -re cr-gi al cell oopulation.
If there is reason to assume that :he proliferation of certain
mutated cells is handicapped co- red to other -ells, the Mi
plants can be induced to charge :'ae -:e recuired to enter their

reproductive phase (flowering) e.~. ;' thotoreriocic
manipulation. The potential use of this approaco needs to be

investigated.

2.2 In-vitro techniques
After excision the treated shoot meristem can be cultivated

on a nutrient agar medium contain;.g the cytokinin
benzyl-amino-purine and very low concentration of an auxin, a
large number of shoots can be stimulated to develop (DAVIES, this
meeting). The shoots, each representing small sectors of the
treated target may carry mutated cells which normally are at a
disadvantage in the meristem, or which arise from cells that
normally do not participate in shoot and flower formation.

2.3 Mutagen treatment of sexual reproductive phases
Chimera development can largely be avoided by mutagen

treatments of cells before they enter meiosis or when they are in
haplophase. The incidence of chimerism in M1 plants following
gamete irradiation in tomato, pea and Petunia was low (CONTANT et
al., 1971; MONTI and SACCABDO, 1969; DOMMEPRGLES and CORTU, 1974).
DONINI et al., (1974) found no chimeras after gamete irradiation
of durum wheat. Pollen mother cell treatments with gamma rays and
neutrons in tomato yielded relatively few drastic chromosome
aberrations. In peas and pepper YONTI and SACCARDC (1981)
concluded that pollen irradiation gave more useful mutant lines
than seed irradiation. These results could be related to the
absence of chimerism and diplontic selection in M1 plants.

3. SELECTION OF MUTATIONS FROM CHIMERIC M1 PLANTS

3.1. Embryonic structure and recovery of induced mutations
The embryo size and degree of differentiation vary

considerably from one species to another (BARTON, 1961; OSBORNE
and LUNDEN, 1965; HARA, 1973) and to some extent within the same
species. However, the embryo structure of many dicotyledonous
crop plant species has not been sufficiently investigated.
Consequently, mutation breeders are handicapped insofar as the
proper handling of chimeric M1 plants is concerned and the best
possible recovery of induced mutations cannot be assured. A
determination of embryonic features of the species (or cultivar)
will greatly help the breeder to design an experiment in which

the impact of chimerism in M1 plants can be considered. Most
crop species have too large a reproductive capacity to allow all
seeds of the M1 plant to be progeny tested in M2 and a
representative sample has to be taken in which as many mutant
sectors as possible are represented. Insufficient knowledge about
chimeric behaviour and organogenesis in M1 may mean that only a
fraction of the induced variability is observed, leading to
inefficiency of the experiment and a waste of resources.

3.2. Mode of reproduction and mutant recovery
Seeds develop from the fusion of gametes that originate from

cells of the second tunica layer of the shoot apex (L2).
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Embryos on the M1 plant thus originate from a ce-ll population
that is different from those derived from the epidermis (L1) or

the inner layers of the tunica (L3). The problem of induced
chimeras is different in those cross-fertilized species where the
female and male flowers are in different locations on the same
plant or on separate plants (SINCLETCN, 1969)

In most dicotyledonous plants asexual propagation is feasible

and can be utilized to increase the recovery of mutants from

mutated sectors. Conventional vegetative propagation by cuttings
perpetuate the organizational relationship of Li, L2 and L3
layers. In vitro axillary bud proliferation techniques work in

the same way. However, those adventitious buds arising from
roots, originate from single cells of Li and offer the
opportunity to recover mutations from that cell population.

Adventitious buds that are forced to develop from leaf cuttings,
generally originate from single cells of the epidermis (L1) from
which tissue induced mutations can be discovered.

The in vitro organogenesis and embryogenesis from cell

cultures, calli or protoplasts is presently not fully understood.
It is recognized that in vitro technology permits the use of
certain screening procedures that could facilitate the isolation

of certain rare mutant cells by mass screening methods (cf. review
by MALIGA et al., 1981). By the in vitro culture technique
visible chimeric sectors of M1 plants can be regenerated into

plants carrying the mutant trait. The in vitro approach of course
requires more expertise, facilities and equipment than those

generally needed in plant breeding.

3.3. Economy of mutant selection
A mutation breeding programme aims to obtain a maximum number

of independent mutants with potentially useful characters at a

minimum cost. The frequency of independent mutants recovered in
M2 depends on the number of reproductively effective cells

exposed to the mutagen, and is directly related to the number of
independent M1 sectors from which seeds are harvested. Ideally,
although hardly achieved in most mutation induction projects, the
mutants should not be accompanied by deleterious mutations. The

genetic background damage in any recovered mutant depends on the
number of induced mutations per genome (HANSEL, 1S68).

The costs per recovered (independent) mutant is determined by
(a) the cost of growing the M1 and M2 generation, (b) the

cost of harvesting and threshing the M1 (in bulk or per plant),
(c) the cost for mutant selection in the M2 and (d) the cost
involved to confirm or back-cross a suspected mutant in later
generations. ROBBELEN (1977) estimated 10-15 years to develop a
new variety and the cost to be around 1 million US dollars. In
mutation breeding this time can be decreased (examples in Manual
on Mutation Breeding, 1977, p.150-157). The probability of
obtaining a certain desirable mutant has to be considered as it
has a decisive implication on the size of the mutagen treated
population (BROCK, 1971, 1979). One way to economize in the
selection of mutants would be to plant one or few seeds per
harvested sector and keep the spare seed in store from each
sector. If the offspring from an M1 plant sector (fruit,
branch, etc.) segregates mutants of a desired type, all remaining

M2 seeds can be sown and M2 mutant plants can be carried
further as M3 lines. From M3 onwards, line selection for
undisturbed genetic background can be practiced (DELLAERT, 1979,

1982). The recovered mutants should be improved by back-crossing,
using the original genotype as the female parent. This approach
can be applied when land is relatively expensive and labour cost
not limiting.

The harvest procedure in an M1 population is decided by the
number of M1 plant sectors to be progeny-tested and the way the
M2 material is to be grown, which in its turn is aimed at
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ensuring recovery of independent mutations at a favourable
input-output ratio. Depending on available resources (land,

manpower, machinery), the M1 plants may be handled in one of the
following ways (DELLAERT, 1979):

3.3.1. Harvest of one seed per plant
The seeds or all plants are nulkea and no residual seeds

are kept. Separate single seed bulks can be made if

irdeDendent screening ror aifferent traits is required. With
this method the M'1 population is comparatively large. On

the otrer nand, no labell'ng of seed is required which
reduces the labour input.

3.3.2. Harvest of one reproductive organ per Y1 plant (fruit,
capsule, etc.
Cne pod, capsule, lateral branch, etc. of as large

number of AM1 plants as possible is collected. The method

is similar to the single seed bulk as a comparatively large
M1 population has to be grown. The number of independent
>1 sectors harvested equals in most cases the number of
Vi plants. Remnant seeds on the M1 plants may be kept
separately in store to be used for confirmatory screening of
detected mutations. This method, compared to the single seed
bulk, requires a larger M? population, but with the
advantage that more mutant individuals can be identified both
within and between progenies.

3.3.3. Harvest of several reproductive organs per M1 plant
In this case, it is supposed that each harvested fruit,

branch etc. originates from a different cell at the time of
mutagen treatment. Compared to the two above methods the
M1 population can be smaller, which is advantageous if the

cost of cultivation is high (e.g. large plants, perennials).
Since sectors may differ in size, one should aim to seed in
M) an equal number (one to many) of seeds per progeny.

A1 progeny tasting may be done either separately pr in
bulk. By this method spare seeds can De kept in store.

3.3.4. Bulk harvest of several sectors per Ml plant
The whole M1 plant is harvested and a fixed number of

seeds per plant are progeny tested. The probability that the
seeds originate from different sectors is smaller than in any

of the other methods mentioned earlier and depends on the
number and size of the M1 plant sectors. With a large
number of small sectors the probability that M2 seeds
originate from different '1 plant sectors sectors is
relatively high. The method is particularly suitable when
many small mutated sectors are assumed to exist, in which
case only few seeds develop per sector. The "spare seed
approach" from various M1 plant sectors cannot be applied.

4. RECOMMENDATIONS

The chimeric behaviour of dicotyledonous M1 plants is only
partly understood and the participants felt that the conclusions
reached above are not sufficient to provide a basis for comprehensive
advice to plant breeders. Few researchers have dealt with the economic
impact of the proper handling of chimeric M1 plants to recover the
highest possible number of beneficial mutations in important crop
species (DELLAERT, 1979). Intensified research is undoubtedly needed
to provide knowledge and improve the situation. Taking into account
the complexity of the problems raised during the meeting, it is
recommended that further research should concentrate on the most
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crucial aspects of chimera formation in M1 plants. The participants
recommend further investigations in the following areas:

4.1. Shoot tip structure and organization in seed embryos of
different species. This field of research will bring a
better understanding of the development of mutant sectors in
dicotyledonous plants.

4.2. Pattern of plant growth and organogenesis. This kind or
research can be performed utilizing chimeras with marker
genes and/or by calculation of segregation ratios. The
breeder will then have a sound basis for directed

manipulation of M1 plants to facilitate efficient mutation
breeding.

4.3. Differences in mutagen sensitivity of cells in shoot tip
meristems. A more efficient mutagenesis, including recovery
of a higher number of mutated sectors per treated embryo or
shoot apex, may be achieved and facilitated by manipulation
of tissues before or after mutagen treatment.

4.4. Comparison between gamete, zygote and seed irradiation as
procedures leading to different degrees of chimerism and
intrasomatic selection in the M1 generation.

4.5. The effect of cultural practice on chimera formation. Here
studies on the impact of planting density to encourage or
curb the development of branches, and of photoperiodic and
temperature responses are envisaged.

4.6. The induction of massive proliferation of shoots from treated
seeds or apices. This kind of investigation should establish
whether mutant cells within the meristem, which are normally

not manifested, could produce useful M1 material. The
utilization of mutagen treated in vitro cell populations,

from which M1 plants can be generated, offers another
possibility to bypass the extensive somatic cell competition
normally occurring in chimeric M1 plants.

4.7. It is recommended that the Joint FAO/IAEA Division, through
its Plant Breeding and Genetics Section, encourages research
in the subject matter discussed by the participants of this
meeting. The acquired knowledge would then be disseminated
for application in practically oriented mutation breeding
programmes, especially in developing countries where
resources for research on methodology are limited.

4.8. It is similarly recommended that the Agency's Seibersdorf
Laboratory should carry out related methodological
investigations in support to the Joint FAO/IAEA Division's
programme.
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Annex I

TERMINOLOGY

In the following some of the terms connected witn the origin and

development of chimeras are explained. Empnasis is put on those terms

where amDiguity in interpretation may occur.

MERIST2I. Tissue formea of cells all capable of diversification, as

found at growing points (HENDERSON, dENDERSON and KENNETH,

1967).

APICAL AERISTEM. (a) Unless explicitly stated, meristematic tissues

in snoot and root tips.

(b) The part of the shoot apex lying distal to the youngest

leaf primordium (CUTTER, 1965; SOMA, 1973).

SHOOT APEX. (a) Synonymous to apical meristem under (b) above.

(b) Shoot tip including the apical meristem and some few

subjacent leaf primordia.

HISTOGEN CONCEPT. Structure of the shoot apex, developed by Hanstein

in 1868-70 'ESAU, 1965; HARA, 1973; 3ROERTJES and van HARTEN,

1978). Dermatogen: meristematic cells that give rise to the

epidermis; Periblem: gives rise to tne cortex,

Plerome: origin of the entire inner mass of the axis.

TUNICA-CORPUS CONCEPT. Structure of the shoot apex, formulated by

Schmidt in 1924 (ESAU, 1965; HARA, 1973; BROERTJES and van

HARTEN, 1978). Tunica: a superficial layer or layers in

which cell divisions are anticlinal. Corpus: the mass of

cells underlying the tunica in which anticlinal and

periclinal cell divisions occur. Based on this concept, the

structures L-l (from tunica layer(s)) and L-II and L-III

(from corpus layers) are defined.

ANNEAU INITIAL CONCEPT. Structure of the shoot apex, developed by Buvat

in 1952 (ESAU, 1965; HARA, 1973; BROERTJES and van HARTEN,

1978). M6ristame d'attente 'waiting meristem): the distal

zone with low mitotic activity. Anneau initial: the

peripheral zone with high mitocic activity. MHristeme

medullaire: the inner zone (pith) meristem.

INITIAL. A cell which initiates differentiation of tissues in a meristem

(HENDERSON, HENDERSON and KENNETH, 1967).
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QUIESCENT CENTRE 'CLOWES, 1961). In root apices. A group of cells

roughly hemispherical in shape and surrounded by actively

dividing cells, the initials.

rAPLONTIC SELECTION $GAUL, 1957, 1958, 13?9, ?6-). D sr al

compet:tive ability of naploid cels -o a.ce part -n :he

fertilization, wnich could persisc even .n iater generations

and causing a deficit of recess:-es :E';2?'> DC.-:.' a-,

SCARASCIA MUGNOZZA, 1972).

DIPLONTIC SELECT-O' GAuL, 1957, 1958, 19. 196-,. Diiferen-_a1

competicive ability of dipioid cells in a chmierLc -:ssue

during diplophase.

DIPLONTIC DRIFT ;BALKELA, 1971, 1972). Loss of ci-nerism relaced to

the normal differentiation and aevelopment of a plant.

MUTANT SECTOR. Often and sometimes erroneously used to tescriDe a

case where mutated cells occur together with "normal" cells

within the same shoot. Can imply either a sectorial or a

mericlinal chimeric situation.
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