A.M. van Harten

Institute of Plant Breeding, Agricultural University, Wageningen

Mutation breeding techniques and
behaviour of irradiated shoot apices of potato

Centre for Agricultural Publishing and Documentation

Wageningen — 1978

20bif



Abstract

Harten, A.M. van {1978) Mutation breeding techniques and behaviour of irradiated shoot
apices of potato., Agric. Res, Rep. (Versl, landbouwk. Onderz.} 873, ISBN 90 220 0667 0,
(vii) + 132 p., 23 figs, 16 tables, 380 refs, Eng. and Dutch summaries.

Also: Doctoral thesis, Wageningen.

An attempt was made to produce a di(ha)ploid tester clone with marker genes in an hetero-
zygous condition for studies on induced mutations in potato (Solanum tuberosum L.).
Literature on potato mutations was reviewed. Formation of adventiticus roots and shoots
from potato leaves, leaflets and stem parts was studied in vivo, Roots formed easily, but
adventitious shoots were very few. Technigues in vitro were more promising. After a review
of literature on shoot apices, damage and recovery of irradiated potato shoot apices was
studied in whole plants as well as from changes in tuber-skin colour caused by histogenic
effects and from micrescopic slides made during a 20-day period after irradiation.

Free descriptors: Solanum tuberosum L., adventitious bud, shoot apex, histogenic effects,

histogenic layers, chimerism, di(ha)ploid, tester clone, marker gene, radiosensitivity, micro-
scopy, tuber-skin colour, tuber eye morphology.

ISBN 90 220 0 667 O

The author graduated on 28 April 1978 as Doctor in de Landbouwwetenschappen at the Agricultural

University, Wageningen, the Netherlands, on a thesis with the same title.

© Centre for Agricultural Publishing and Documentation, Wageningen, 1978.

No part of this book may be reproduced and/or published in any form, by print, photoprint, micro-

film or any other means without written permission from the publishers.



1 Introduction

2 Survey of literature on mutations in potato

2.1
22
23
2.3.1
232
233
234
235
2.3.6
237
238

Spontaneous mutations

Mutations and chimerism

Induced mutations

Preliminary remarks

Early reports

The starting material

Mutagenic treatments

Types of induced mutation

The frequency of induced mutations

Chimeric structures and histogenic effects after irradiation
Concluding remarks and suggestions for further research

3 Production of a dihaploid potato clone with genetic markers

3.1
311
312
32
33
331
332
333
3.34
34

4 Formation of adventitious roots and shoots from potato leaves, leaf parts

Introduction

Genetic markers in potato

Potato dihaploids in mutation breeding
Material and methods

Results and comments

Clone 71A8

Clone 72F263

Clone M1178

73G and 74H series

Additional remarks

and stems in vivo

4.1
4.1.1
412
413
4.2

421
422
423

Introduction

Scope of investigations

Formation of adventitious organs

Adventitious shoots in mutation breeding

Factors affecting adventitious organ formation and further
differentiation

Mother plants and starting material

Hormonal and nutritional conditions

Environmental conditions

24
24
24
25
26

27
27
28
29



43
43.1
432
44
441
442
4421

4422

4423
4424

4425
4426
4427
4428
443

443.1
4432
4433

Formation of adventitious organs in potato

Literature on experiments in vivo

Literature on experiments in vitro

Experiments

Preliminary remarks

Adventitious root formation and longevity

Effect of cultivar on rooting capacity and longevity of leaves and
leaflets

Effect of physiological age of leaves and leaflets on rooting
capacity and longevity

Effect of growth of the parent material on rooting capacity
Properties of compound leaves, leaflets and leaf parts in relation
to rooting capacity and longevity

Rooting in different media

Effect of different growth substances on rooting

Effects of light, photoperiod and temperature on rooting
Concluding remarks on rooting

Adventitious shoot formation

Leaves and leaflets

Stems and stem parts

Concluding remarks on adventitious shoot formation

Literature on organization, post-irradigtion behaviour and histogenic effects
in shoot apices

5.1
5.1.1
512
5.13
514
515
52
53

54
535
56
561
562
563

563.1
5632
5633
564

Organization of the shoot apex

Initial cells

The Histogen theory

The Tunica-Corpus concept

The *anneau initial’ concept

Present views and conclusions

Axillary and adventitious buds

Mutations and the consequences of their position of origin
within the plant

Chimerism

Rearrangements of cell layers

Non-genetic effects of radiation upon shoot apices

General remarks

Radiosensitivity

Patterns of radiation-induced morphological/histological
damage and recovery

Systems of classifying damage and recovery in shoot apices
Examples and comments

The effect of dose rate on the frequency of histogenic effects
Concluding remarks

29
29
31
31
31
32

32

37
38

39
40
41
44
46
46
46
51
53

56
56
56
56
57
58
59
60

61
62
64
65
65
66

68
68
69
72
73




6 Radiation-induced damage and recovery of potato tuber eyes

6.1 Introduction
6.2 Literature
6.2.1  Morphology of the potato tuber eye
6.2.2  The apical meristem of subterranean potato shoots
6.2.3  Irradiation of potato tuber eyes
6.24  Radiation-induced damage and recovery
6.3 Material and methods
64 Results and comments
6.4.1  Early radiation damage in scraped tuber eyes (Exp.1)
64.1.1 Experimental details
6.4.1.2 Results and comments _
6.4.2 Radiation damage and early recovery in unscraped tuber eyes (Exp. 2)
6.4.2.1 Experimental details
6.4.2.2 Results and comments
6.4.3 A microscopic investigation of radiation damage and recovery in
unscraped tuber eyes (Exp. 3)
6.4.3.1 Experimental details
6.4.3.2 Results and comments
6.5 Discussion
Summary
Samenvatting

References

74
74
74
74
75
76
(i
80
81
81
81
82
85
85
86

90

90

90
103
110
112

119



1 Introduction

Every plant breeding programme starts with a search for suitable sources of genetic
variation. Sometimes this part of the work simply consists of isolating an outstanding
strain from a plant population; in other cases, promising parent plants are selected from
existing cultivars and crossed consecutively. If genes for certain desired characters cannot
be derived from such easily accessible sources, the plant breeder may, for example, turn
to more distantly related cultivated species, or even to wild relatives, Breeding work will
become increasingly difficult with more distant crosses, not only because of crossing
barriers, which often exist between less related taxa, but also because undesired genes are
introduced as well. Those undesired genes must then be removed at a later stage of the
breeding programma, e.g. by repeated back-crossing, before an acceptable cultivar can be
released.

For some plant species or for certain cultivars of a species, genetic improvement by
crossing is even further limited and sometimes completely impossible, for example
through absolute sterility. Especially then mutations may offer the breeder a way round
the difficulties. Mutations can be roughly described as heritable changes in the genetic
material. According to Stebbins (1950, p. 76), they are the ultimate source of all differ-
ences between two individuals. :

Although unaware of the underlying principles, plant breeders have for centuries
exploited spontaneous mutations. Their value for breeding work has been sufficiently
demonstrated. Positive results have also been obtained during the last decades by artificial
induction of mutations (e.g. Micke, 1976). Indeed one should not overestimate what is
feasible, as has often been done. Induction of mutations seems, however, a realistic
approach in solving certain breeding problems. Stadler (1930) considered that practical
results from mutation induction could be expected, especially in vegetatively propagated
crops. Although this statement referred in particular to fruit trees, it can be applied
without many restrictions to other vegetatively propagated crops like many ornamentals,
some grasses and potato. Some special problems arise when inducing useful mutations in
crops like potato, as many characters of economic importance inherit in a quantitative
way and, moreover, are often strongly affected by environmental conditions.

The potato (Solanum tuberosum 1.), a crop of worldwide economic importance, is
vegetatively propagated in common agriculture, but for breeding purposes mostly crosses
are made. Breeding work in potato encounters many difficulties, which are caused by a
complicated and stil largely unknown tetrasomic inheritance, by the occurrence of much
heterozygosity, a low heritability of many important characters, poor floweting in many
cases and often by the existence of sterility and incompatibility barriers, especially in
crosses with wild or primitively cultivated species.

Today most potato breeders still roughly follow breeding procedures of half a century
ago. These old methods are rather laborious and often lead to new cultivars by good
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fortune only. Recently some progress has been made: improved methods of screening the
material for certain resistances, the increased use of wild and primitively cultivated spe-
cies and the growing insight in potato genetics.

Two now available approaches to potato breeding: the use of so-called dihaploids (i.e.
haploids derived from tetraploids) and of induced mutations, have not yet been generally
accepted, although both have been known for several decades. Already in 1935 Asseyeva
& Blagovidova (1935) reported that X-ray treatment can provoke mutations in potato,
but now, 40 years later, not much has been achieved in practice with this knowledge. Not
only the limitations of the method, technical difficulties and inadequate smail-scale ex-
periments, it seems, have hampered the introduction of this method. Prejudices, irrelevant
arguments and a considerable amount of conservatism among potato breeders and some
scientists are responsibie as well.

The most serious limitations and technical problems are generally considered to be:
the low frequency of induced mutations, especially of positive genetic changes and the
occurrence of many chimeric plants, i.e. plants composed of both mutated and non-
mutated somatic cells or tissues. Moreover, in a number of publications reference has
been made to the existence of a strong selection against mutated cells, which phenome-
non has been indicated as diplontic selection (Gaul, 1959), or as intra-individual selection
(Kaplan, 1953). The occurrence of undesirable pleiotropic effects, accompanying valuable
mutations has also been reported on several occasions.

Reliable data on the frequency of mutagenic events are difficult to obtain. Dobzhans-
ky (1970, p. 69), for example, pointed out that several factors may lead to either an
overestimation or an underestimation of the mutation pressure if calculations are made
either with the mutation rate of a single gene or with the total number of mutations in all
genes of an organ.

Mutations are single-cell events and occur more or less at random in different plant
parts. Only mutational events in those parts from which regeneration is possible, are of
use to the breeder. Mostly reproduction takes place by sexual methods or via existing
axillary buds, but the application of adventitiously induced shoots in this respect may be
also considered. A complication, especially in vegetatively propagated plants, is the layer-
ed structure of young apices. For normal propagation of potato via tubers which
develop after swelling of the apical end of subterranean stems (stolons), the different
apical layers, which are commonly indicated as histogenic layers and denoted as L-1, L-I1
and L-III, take part in the formation of new organs to the same extent as they do in the
parent plant. Thus a possible chimeric situation after a mutational event can be long
lasting.

From a breeding point of view it would be highly preferable to have mutants in a solid
(i.e. chimera-free) condition. Efforts to limit chimerism automatically imply the limita-
tion of the number of cells from which a progeny arises, For generative propagation, this
approach is relatively simple as each new plant developes from one single fertilized egg
cell. Another advantage of generative propagation is that in the generative phase detri-
mental effects of the mutagenic treatment, such as gross chromosomal damage are se-
lected against. In vegetatively propagated crops it is more difficult to obtain chimera-free
mutants. The problem becomes less if whole plants are produced, tracing back to one
histogenic layer only. It would be ideal if plants, derived from only one single cell, could
be easily obtained and in sufficiently large quantities. When our work started, potato
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plants from one histogenic layer could be produced in certain cases, but suitable single-
cell methods were not available.

Does it make any difference to the mutation frequency ( on the basis of mutational
events per celt) which layer produces such single-cell plants? This question seems justified
since (cells of) different histogenic layers have different physiological properties and thus,
most probably, different radiosensitivity. Therefore the mutation rate per cell could be
different. For a number of plant species, differences in radiosensitivity have been re-
ported between different regions and also between different histogenic layers, but practi-
cally nothing is known in this respect for potato.

Differences in radiosensitivity between layers, moreover, may lead to rearrangement of
layers and the like, a subject that has been little studied. One could imagine that cells of a
rather radiosensitive layer, which probably carries more mutated cells, become inactivated
or destroyed by a certain amount of radiation. Then cells of an adjoining, less radiosensi-
tive part of the plant may take over. From a practical point of view the ultimate result
could be a lower production of mutants per irradiated plant. It may well be that the type
and amount of irradiation to which the plant material is exposed, plays a role here. Some
authors have reported that the kind of histogenic effect is also affected by the treatment
given,

Some of the aforementioned problems have been studied since 1961, at the Institute
of Plant Breeding (IvP), initially by F.P. Ferwerda and coworkers and since 1969 by the
author and coworkers. The intention was not to produce new potato cultivars, but to gain
more insight into the different processes involved in mutagenic treatment and to try to
bring the mutation technique within the reach of the practical potato breeder. This
publication reports part of this work. In Chapter 2 the present stage of affairs in potato
mutation work is evaluated and some suggestions for further investigation are made.

Efforts to produce a potato tester clone at the diploid (2n=2x=24) level are described
in Chapter 3. The original idea was to use such a clone, carrying some marker genes in
heterozygous condition, for all mutation experiments. Technical difficulties made it im-
possible to produce a suitable clone in time for the other investigations planned. It
therefore became necessary to use other materizl from different sources.

Experiments to find a suitable in-vivo method to produce adventitious shoots in
potato are reported in Chapter 4. The so-called adventitious bud technique is based on
the fact that dissected plants parts, leaves, tubers and the like are often able to produce
adventitious plantlets, which sometimes can be traced back to only one initial cell, If a
mutation is induced in such a cell, the mutated plantlet will be (practically) chimera-free.
The best-known early example of a one-cell origin of such plantlets was reported by
Naylor & Johnson (1937) for Saintpauiia ionantha, Sparrow et al. (1960) observed that in
this way solid mutants can be produced. However, Broertjes of the Institute of Atomic
Sciences in Agriculture (ITAL), Wageningen, demonstrated the practical applicability of
this method for mutation breeding work in a considerable number of ornamental plant
species (mainly Gesneriads). The theory behind adventitious bud formation is summa-
rized in the introduction to Chapter 4.,



A review of present knowledge about the organization and behaviour of shoot apices,
both during their normal life cycle as well as after irradiation is given in Chapter 5.
Special attention is paid to the effect of irradiation on histogenic effects. In Chapter 6 the
results of microscopic as well as morphological investigations on radiation-induced histo-
genic effects in potato are presented. They are preceded by a review of the related potato
literature.




2 Survey of literature on mutations in potato

2.1 Spontaneous mutations

Several cases of spontaneous mutations (indicated as bud variations) in potato were
reported by Darwin (1868) and even earlier by Carridre (1865), Darwin (1868, Chapter
XI) defined bud variations as ‘all changes in structure or appearance which occasionally
occur in full-grown plants in their flower-buds or leaf-buds’. He attributed these changes in
many cases to ‘spontaneous variability’, but he failed to indicate the cause of this vari-
ability. Fruwirth (1929), who worked with potato, mentioned that spontaneous variation
occurs either as a result of irregular cell divisions, leading to genetically different somatic
cells, or after rearrangement of tissues or layers. It is clear that in the latter case a visual
change can only be expected if the plant already had a chimeric character. (The use of the
word ‘chimera’ to indicate genetic changes in only a part of the somatic tissues of one
(plant)species dates back to Baur (1909), who extended the meaning given to it by
Winkler (1907).} -

Already in 1907, Cramer (1907, p. 430) referred to some cases in which bud variations
had led to cultivars of practical value, e.g. to an old example (Anonymous, 1857) con-
cerning cv. White Fortyfold with white tubers, obtained from cv. Purple Fortyfold. Cv.
White Fortyfold was reported to be completely similar to the then known cv. Regent. As
only one eye of & purple tuber of cv. Purple Fortyfold had become white, contamination
must be excluded.

During the first decades of this century, some scientists still doubted the occurrence of
bud mutations (also referred to as bud variations, bud sports, vegetative segregations,
vegetative mutations, somatic mutations and ‘accidents’), let alone accepted that such
mutations were of practical value to the breeder. Sutton (1918) stated: ‘the more deeply
the subject is investigated, the more convinced one becomes that there is no ground to
believe that nature has ever given rise to any, new and distinct variety of potato by bud
variation’, He claimed that bud mutations referred only to a change of tuber colour and
must be looked on as variations, but not as new varieties. In my opinion, this is only a
matter of terminology. It depends on the definition of a ‘new’ variety. Salaman (1926),
also referring to Sutton (1918), expressed his opinion in the following way: ‘it is not by
way of bud mutations that we must look for new (potato) varieties, for such undoubted
ones as have occurred amongst our domestic strains have failed to produce any form supe-
tior to their immediate parent’. A more optimistic view was,presented by Dorst (1924)
who, in an extensive review analysed many reported bud sports in potato, involving very
different characters. According to Dorst the cause of bud sports is unknown, and there
are no known methods for producing them. Large plant populations have to be screened
to find them in nature. Dorst also presented some data on the use of certain bud sports in
practice. During the period 1919-1929 about 2-3% of the area planted with the cultivars
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Eigenheimer and Rode Star, was occupied by the bud sports Blauwe Eigenheimer and
Bonte Rode Star in the Province of Friesland in the Netherlands.

According to Krantz (1951) 15% of the certified seed production of commercial
cultivars in the USA in 1951 was reported to come from bud sports. Those sports
displayed a change in tuber skin, ic. either towards a russet structure or a different
colour, more appreciable to the consumer. In 1959, the acreage of bud sports had risen to
about 35% as Heiken et al. (1963) concluded from 2 survey by Turnquist (1960). A
rough estimation of the situation in the Netherlands indicates that never more than 1% of
the total acreage there has been covered with cultivars obtained from bud sports.

It is not feasible to record ail reports about bud sports in potato. It may suffice to
refer, in addition to the work already mentioned, to the publications of Salaman (1931),
Miller (1954), Swaminathan & Howard (1954) and Heiken (1960). In general, most
mutations referred to aberrations in genecral appearance, in leaves, flowers or tubers,
Especially changes in tuber-skin colour and skin structure (russeting) have been reported.
It seerns that in eatly reports, symptoms of virus attacks and bud sports must have been
occasionally mixed up. Already East (1908) mentioned this complication. In a later
publication East (1910) suggested that careful observation of the plant might lead to the
discovery of variation in other characters than, for example, colour of tuber skin. Dorst
(1924) advocated selecting for bud sports with agricultural value during maintenance
breeding.

As said before the frequency of spontanecus mutations is very low, East (1912)
discovered only 12 clear cases in 100.000 hills. Folsom (1923} found only 5 leaf mutants
in more than 350.000 plants. The frequency of mutations, of course, depends on the
number and kind of characters examined and probably on the degree of heterozygosity of
the characters studied {Dorst, 1924). Different characters may have different mutation
rates. This subject was studied by Heiken (1960) who found spontanecus aberration rates
ranging from 1.5 x 1073 (for so-called bolters in certain cuitivars) to 1.2 x 107° (for
certain foliage mutants). Such data, of course, have only a limited value.

A point of scientific as well as practical importance was made by von Rudno (1925),
who suggested that mutation of only one ‘hereditary unit’ might result in a change of
more than one plant character and thus indicated the possible occurence of pleiotropic
effects. In fact a sport with simultaneous loss of tuber-skin colour, change of sprout
“colour and change of leaf shape was reported as early as 1921 (McKelvie, 1921).

There is no doubt that in the past, but also today, many bud sports of possible
agricultural value have been lost, either by negligence or because during breeding for
maintenance it is common practice to discard all aberrant types (Miller, 1954).

2.2 Mutations and chimerism

As stated in the first chapter chimera formation is a common phenomenon after
mutation inductjon. Especially in vegetatively propagated plants chimeric structures may
be often very persistent and troublesome. The cause is found in the multicellular and
layered structure of different plant parts in which mutations occur. The existence of a
kind of layered structure in the potato shoot was suggested on anatomical grounds by
Artschwager (1918, 1924) and later confirmed, e.g. in apices treated with colchicine
(Baker, 1943).
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Already Carridre (1863) reported that some bud sports cannot be reproduced by seed
and East (1917) explained this finding by the existence of periclinal chimeric structures.
He was aware that germ cells are restricted to the subepidermal layer. Dorst (1924)
mentioned that only mutations present in the subepidermal layer can be propagated
generatively. '

The layered structure of the shoot apex and of tissues derived from it explains how a
plant with a mutation affecting one cell usually becomes a more or less stable periclinal
chimera via the intermediate stage of a mericlinal chimera (J¢rgensen & Crane, 1927).
Contrary to this opinion, Salaman (1925, 1931) believed in a mosaic arrangement of both
mutant and normal cells. [t is now accepted that such mosaics are very rare, as is also the
case in vegetatively propagated plants with ‘real’ sectorial chimeras.

Asseyeva (1927} concluded that, assumedly, the overwhelming majority of bud sports
in potato, and very probably also in other vegetatively propagated plants are periclinal
chimeras. Asseyeva developed the eye-excision technique, a method for the production of
new sprouts from endogenous plant tissues, thus revealing the genetic nature of such
deeper zones. In this way the periclinal nature of certain mutated characters could be
identified as such. The best known example of this is the so-called ‘Kostroma’ leaf-mutant
in the, then well-known cultivar Richters Imperator. In a footnote Asseyeva added that
mutations do not have to be confined to outer layers only. In a later publication Asse-
yeva (1930} stated that relatively more mutations occur in the outer layers, although she
did not substantiate this remark.

2.3 Induced mutations
2.3.1 Preliminary remarks

After plants have been treated with mutagenic agents like X-rays, neutrons or chemi-
cals, normally two different groups of effects are distinguished; firstly so-called primary
injury or physiological damage and secondly genetic changes or mutations. Examples of
the first group of effects are: direct damage to cell walls or cell contents, arrest of mitotic
divisions, inhibition of apical dominance, low-dose growth stimulation and several effects
qualified as histogenic.

Especially in early literature, it is sometimes difficult to make out whether after
irradiation the author indeed obtained mutations or erroneously referred to effects of a
non-heriditary nature. This complication applies particularly to literature on vegetatively
propagated crops like potato. Even after some cycles of vegetative propagation, it is still
hard to say whether real mutations were induced. As an additional complication scoring
of mutations is often hampered by the fact that symptoms of different virus attacks may
have the appearance of a mutation. In mutation experiments only healthy and virus-free
plant material should be used, but this point has been neglected by many investigators.

2.3.2 Early reports
Potatoes were treated with X-rays for the first time by Jacobson (1923), Johnson
(1928, 1937) and by Sprague & Lenz (1929). Jacobson (1923) reported considerable

increase in yield and larger tubers in two different cultivars. Johnson (1928) who adminis-
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tered a ‘low’ (whatever that may mean) dose of X-rays to tubers of cv. Early Ohio,
observed increased tuberization but lower tuber weights, Sprague & Lenz (1929), treating
tubers of the cultivars Irish Cobbler and Green Mountain with 400-1200 R of Xrays, on
the other hand obtained fewer butlarger tubers and a somewhat higher total yield. No data
were given about the number of tubers that had been treated. Mutations for tuber — or
foliage characters were not reporied. Johnson (1937) in experiments with the so-called
Colorado wild potato (5. jemesii) found increased tuberization and increased weight per
hill and per tuber after exposure to 1500 R of X.rays. There is no definite proof that the
effects described were of a permanent genetic nature,

The first reliable experiment was carried out by Asseyeva & Blagovidova (1935). Four
cultivars were X-irradiated with doses between 500 and 8000 R. Per cultivar a total of
390 tubers was treated. Altogether 23 foliage mutations were obtained: 19 in cv. Prof,
Wohltmann but none in cv. Epicure. According to Heiken (1960), Asseyeva & Blago-
vidova (1935) also tested the mutagenicity of several chemical agents, but apparently
without succes.

If one excludes colchicine work and a report from Demidovic (1934}, who claimed
that storage of true potato seed for 5 years induces more mutations than any other
method, no further mutation research on potato was reported till 1950. At that time
Sparrow & Christensen (1930) described the inhibiting effect of X-rays on sprouting of
potato tubers. Stanton & Sinclair (1951) treated their material with * P and described
morphological changes in the leaves. They also reported that the apical area of the shoots
displayed a higher radiosensitivity than other plant parts. Hagberg & Nybom (1954}, who
used ** P and X-rays in small-scale experiments, obtained morphological changes lasting
through different cycles of vegetative propagation {commeonly indicated as vM,, vM,,
etc.).

With the work of Heiken in Sweden around the sixties, which will be discussed in
other sections, the period of non-directed orientation work can be considered at an end.
With this work true start was made to apply mutation techniques in potato breeding.

2.3.3 The starting material

Practically all mutagenic treatments of potato in the past have been performed on
whole tubers or tuber halves (the other half being used as control). Tubers are mostly
divided longitudinally according to the method of Asseyeva (1927). Nayar & Dayal
{1970) on the other hand used rose (apical) and heel ends. Howard (1970) has repeatedly
used rose ends only. Dormant as well as sprouting material is treated. The use of dormant
tubers normally leads to a lower amount of chimeric plants, but sprouting tubers may
produce higher mutation frequencies (Heiken, 1960).

There is a great deal of variation about the age of the treated tubers. Sometimes very
small, premature tubers are used, sometimes tubers are irradiated immediately after har-
vesting. Occasionally experiments are conducted with tubers that have been stored for
several months. Gradually researchers found that treatment of smaller structures like
young tubers, tuber parts, single-eye pieces, cuttings or adventitiously developed shoots,
is more advantageous from severzal points of view: the amount of *buik’ to be handled is
reduced, large quantities of material are treated more uniformly and chimerism is re-
duced.
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Fig. 1. Scooping spoon, scooped-out tuber and tuber eye-pieces as used for mutation experiments at
the Institute for Plant Breeding (IvP), Wageningen.

Single-eye pieces (see Fig, 1) were used by Ferwerda (1965), Umaerus (1966), van
Harten (1970), van Harten et al. {1973) and Upadhya & Purohit (1973)*. In experiments
on chimerism, van Harten et al. (1972) started from eye-excised tubers which were
sectioned into an apical, middle and stolon part in order to check the behaviour of the
respective sections. The advantage of using eye-excised material is the initiation of (adven-
titiously developed) organs from a reduced number of cells. Miedema (1973a) irradiated
tubers slices on which young sprouts initiated adventitiously on roots which themselves
had been developed adventitiously on the tuber slices. Rooted cuttings were used by
McCrory & Grun (1969).

Since 1974 unrooted cuttings from which the root area is inserted into a piece of lead
during irradiation, are used at the IvP. This method is to be preferred if tuber production,
for example of dihaploids, is low and time has to be saved. Another positive point of
using cuttings is the uniformity of the starting material. In addition to vegetative parts
also seed and pollen have been treated on several occasions and for different purposes.
This work will not be discussed here.

1. Upadhya & Purohit erroneously reported that the method using tuber tissue plugs comes from
Rappaport et al. (1965). As a matter of fact, Ferwerda (1965) reported on this method at a
FAO/IAEA meeting in 1964. He adopted it several years earlier from the common practice in the
Netherlands to use potato plugs in phytopathological tests, where it had already been applied for
several decades,



Practically all mutation work has been performed with the common, tetraploid potato.
In 1964 Ferwerda (cf. van Harten & Bouter, 1973) irradiated dihaploids and secondary
dihaploids. Some other preliminary work with potato material at several levels of ploidy
has been reported by Gomes Cuervo & Nelson Estrada (1972) and by Moreno & Nelson
Estrada {1973). An experiment involving 150 X-irradiated, whole small-sized, dihaploid
tubers of cv. Désirée was published by van Harten & Bouter (1973). During a period of
8 months all emerging sprouts were dissected (‘milked’) when about 3 ¢m and planted
individually. Especially the latest developing sprouts are in majority of adventitious orgin
and produce higher frequencies of non-chimeral mutants.

It is only a matier of time before shoots and plantlets, obtained from cultures in vitro
of different kinds of potato material, are used in mutation programmes. The results of a
co-operative programme between ITAL and the IvP will soon be published. Techniques
have been described by Roest & Bokelmann (1976).

2.3.4 Mutagenic treatments

During the years many different mutagenic agents have been applied. In the beginning
mostly X-rays, * P and, to a smaller extent, y-rays were used in a wide range of doses,
dose rates and concentrations. More recently neutrons have been administered and in a
still increasing number of cases also different chemicals. Unfortunately data are often not
exact, especially in early literature.

For X- and vy-rays, doses range from 400-10.000 R for vegetative parts, 2000-3000 R
being the doses preferred by most workers. Usually 8000-10.000 R is lethal. The effect of
dose rate has not often been studied, although it seems that the rate of survival, the
mutation frequency and the amount of chimerism can be affected in this way (McCrory
& Grun, 1969; van Harten et al. 1972; Mezentzev & Yashina, 1971, 1973). Considerable
differences in response have been noted between different cultivars and different physiol-
ogical stages. ®Coor ¥"Ce sources have been used for acute y-treatments of potato
(Heiken 1961; Benvenuti et al. 1963; Mezentzev, 1970; Kaneko, 1975). Essential differ-
ences in effect between X-rays and vy-rays have not been reported

Plants have been irradiated with fast and thermal neutrons, for example by Solomko
(1965a), van Harten et al. (1972), Gomes Cuervo & Nelson Estrada (1972) and Miedema
(1973a). Doses and dose rates used were very different, the outcome also depending on
the reactor used. The relative biological effectiveness (R.B.E.) of neutrons normally is
higher than 1. In one of our experiments, for example, (van Harten et al., 1972) a treat-
ment of whole tubers of cv. Désirée in the BARN reactor of ITAL produced 24% of
visible mutants after exposure to 810 R of fast neutrons. For a comparable effect at least
2000 R of X-rays would be required, i.e. the R.B.E. of fast neutrons is 2 or 3. Reports on
other physical agents like high-energy protons, different radio-isotopes and ultraviolet
rays are relatively scarce (Jauhar & Swaminathan, 1967; Tarasenko, 1977).

Much work with chemicals has been done in Russia, for example by Korableva (1961),
Tarasenko (1965), Solomko (1965) and many others, but reports are hardly accessible.
Ferwerda (1965) and Umaerus (1966) were the first to apply ethyl methanesulphonate
(EMS) solutions, which were pipetted on the tuber eyes at concentrations of for example
1.5%. EMS has remained the most widely used chemical agent although several others like
ethylene imine (EI), diethyl methanesulphonate (DES), N-nitroso-methyl urethane
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(NMU) eic., have been mentioned (Nayar & Chauhan, 1968; Jauhar, 1969ab; Pavek,
1972, Upadhya & Purohit, 1973, Upadhya et al., 1974a,b). Again concentration, duration
of treatments, temperature, buffer etc. were different. As up to now results have been
rather inconclusive, it seems premature to discuss experimental conditions in detail.

Finally it has to be kept in mind that because of physiological effects in vM,, no
conclusion can be made about mutation rates after analysis of vM; only. Kukimura &
Takemata (1975) recently presented evidence that radiation damage, after treatment with
y-rays, was also transmitted to vM,.

235 Typesof induced mutation

Most cases in which the induction of mutation has been proved beyond doubt, con-
cern genetic changes of morphological characters, such as size, shape and colour of the
foliage or the subterranean parts.

The work of Heiken (1960) has confirmed that most mutations manifest themselves as
periclinal chimeras and, in many cases, apparently show pleiotropic effects. (N.B. In prac-
tice it is difficult to distinguish between pleiotropic effects and close linkages of genes.)
Most induced mutations have a negative effect (‘loss’ mutations). A first example of
something being ‘gained’ is the induction of increased pigmentation in the corolla, again
reported by Heiken (1960). The same author also made valuable observations and re-
marks about the practical application of irradiation in potato breeding. He further found
that even drastic morphological mutations do not necessarily lead to inferior plants from
a breeding point of view. Heiken did not observe differences between the spectra of
spontaneous and induced mutations. Unfortunately his work did not yield mutations of
direct practical value.

The induction of mutations for earliness, increased resistance to different diseases and
increased starch content of the tubers has been reported by Solomko (1962, 1965a).
Kishore et al. (1963) found that after X-irradiation 19 out of 55 plants were more
resistant to Phytophthora infestans. However this material was tested only during one
vegetative cycle. Some induced restistance against leafroll-virus was reported by Rudorf &
Wohrmann (1963} in ¥M;, which authors did not think much of mutation breeding as a
method of practical value. Induction of earliness and increased starch production was
reported by Tarasenke (1965) and Kukimura & Takemata (1975). Umaerus {1966) found
tubers which were less discoloured after cooking. A promising mutant with shorter sto-
lons was obtained by Roer (1967). This mutant could not be further utilized because this
positive change was accompanied by cracks in the tubers.

Jauhar & Swaminathan (1967) induced shallow eyes and an improved tuber-skin
colour in two impertant Indian cultivars. According to Upadhya {1976, pers. commun.)
those clones unfortunately were lost. So-called ‘hooded eyes’ were found by Udai Singh
(1970). Upadhya et al. (1974a) obtained day-neutrality in several Indian potato clones.
Their efforts to induce resistance against bacterial wilt yielded no results. The same work
has been discussed by Kishore et al. (1975).

Ferwerda, whose work unfortunately has been buried mainly in internal reports only
(see van Harten, 1970 and later), demonstrated for several important Netherlands cul-
tivars like Bintje, Désirée and Burmania that induced mutations may affect practically
any plant character and may work in opposite directions, for example towards increased
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pigmentation of the tuber skin as well as towards paler types. Several characters of
economic importance like cooking quality, tuberflesh colour, eye<depth, underwater
weight, stolon length, resistance against Phytophthora and leafroll-virus could be im-
proved via mutagenic treatment. The experiments at the IvP were performed only to
demonstrate the feasibility of the method and not to produce new cultivars. Resistance to
leafroll-virus was induced in a few clones of cv. Bintje. They remained significantly more
resistant during 7 successive years of testing in infected field plots, without showing any
aberration of the Bintje phenotype. Thus desirable mutations are not always accompanied
by pleiotropic effects or such effects can be eliminated by further selection without
losing the desired genetic change itself,

At IvP some promising results were found, especially with radiation-induced higher
levels of resistance to Phytophthora. To find definite proof for such effects is very
tedious. Many people do not realize that the effect of soil and climatic conditions on field
trials makes it absolutely necessary to repeat such experiments for 5 or more successive
years. The same holds for vield trials, where in different years contradictory resufts may
be obtained. So-called positive results from a study of only one or two vegetative genera-
tions are without value. A too short period of study may also account for the contradic-
tory results of the early reports by, for example, Johnson (1928, 1937) and Sprague &
Lenz (1929).

2.3.6 The frequency of induced mutations

In the first publication in which frequencies of induced mutations are mentioned,
Asseyeva & Blagovidova (1935) described how they obtained 10 morphological mutations
after X-irradiation of 390 tubers of cv. Wohltmann. Another cultivar, Epicure, vielded no
visible mutations at all. At present the effect of the genetic constitution of the starting
material on the mutation frequency seems to be sufficiently demonstrated.

An aspect that is normally neglected is the difficulty of comparing results of different
authors, becavse the number of characters for which (assumedly} genetic changes are
scored differs from author to author. At a dose of 2000-3000 R of X-rays, which usually
yields the best results, Heiken (1960) found up to 37% of mutated plants in his most
successful series. He considered the mutation frequencies induced in general high enough
to justify further investigations. In Italy (Anonymous, 1963) mutation rates of up to 20%
were reported after vy-irradiation. Further details are not available.

Very optimistic are the reports of Solomko (1962, 1965a,b) who claimed that only
4-8% of the induced changes are of an adverse nature. In some well’known Russian
cultivars like Early Rose, Epron and Sedov even 17% were reported to be useful mutants.
Some of them, according to Solomko, were suitable for direct practical use. Rudorf &
Wohrmann (1963), on the other hand, stated that the frequency of induced mutations is
too low for practical purposes. This could be caused by diplontic selection, i.e. competi-
tion between mutated and non-mutated cells (see Gaul, 1959).

Asseyeva & Yashina (1968) concluded that 6 out of 200 induced mutations investi-
gated had some practical significance. Only one of those 6 mutations was found in a
cultivar of commercial value. The authors were rather pessimistic about their findings and
added that the spectrum of artificially induced mutations is inferior to that of spontane-
ous ones. Whether one agrees with the Russian views or not, one thing is certain: if

12




mutation breeding in potato is to be applied in practice, many different mutations are
necessary. If these can be obtained, the mutation method seems at least as promising as
starting from many thousands of potato seedlings from which often only one or even no
new cultivar at all is derived.

Efforts to induce high mutation frequencies have been described by Nayar (1969) and
Nayar & Dayal (1970). By periodically removing and planting separately the sprouts
which emerge from irradiated tuber halves, the frequency of vM, plants carrying muta-
tions could be increased up to 50%. This is 16 times higher than the frequency found by
Heiken (1960) and 3 times higher than that reported by Nayar et al. (1965). Kukimura
(1972) reported on -y-rradiation of tetraploid true seed of potato with special reference
to (monogenically inherited) stem colour. At a dose of 32 krad, Kukimura calculated for
4 characters a mutation frequency of 2.0-10.9 x 107° per rad. In an experiment with
fast neutrons, van Harten et al. (1972) obtained up to 28% of visible mutants in vM. In
another experiment with dihaploid potatoes (van Harten & Bouter, 1973) even up to
38% of visible mutants was scored after treating whole tubers with 3000 rad of X-rays at
a dose rate of 1000 rad/min. From the above results one can conclude that the frequency
of mutations that can be induced is not really the limiting factor with respect to the prac-
tical application of the mutation technique in potato breeding.

2.3.7 Chimeric structures and histogenic effects after irradiation

Vegetatively propagated plants, that carry mutations usually manifest themselves as
rather stable periclinal chimeras after some cycles of vegetative propagation. For potato,
the periclinal nature of both spontaneous mutants (Asseyeva, 1927) and induced ones
{Heiken, 1960) has been established.

For an efficient use of mutations in breeding programmes the mutants should be in a
solid (chimera-free) state. A method to produce high frequencies of solid mutants has
been worked out (van Harten et al., 1972). In brief the method employs tuber-eye plugs
from which the main eyes have been removed before irradiation with high doses and dose
rates. The sprouts which develop from the eye-region after irradiation, are dissected
{milked) and individually planted out. Especially the sprouts which develop about
3 months after irradiation, and which are mostly of adventitious origin, produce mutants
which are practically 100% solid.

If a plant, for example a periclinal chimera for tuber-skin ¢colour, is irradiated, cells of
one of the histogenic layers may be destroyed and replaced by cells either from the same
layer or from another one. In the latter case the replacement cells are genetically different
and therefore the tuber skin may have a different, often sectorial appearance. If existing
periclinal chimeras are used as starting material, these so-called histogenic effects after
irradiation can be easily demonstrated. Such effects can be recognized already in vM; .

The first example of visible histogenic effects, induced via X-rays in potato has come
from Asseyeva (1931). She referred to work of Gusseva & Lopatin. Irradiation of so-
called monochlamydous tubers (L-I mutated, L-II + L-IIl non-mutated) led to dichlamy-
dous types (L-I + L-II mutated, L-III non-mutated). The author reported that similar
effects were obtained after mechanical damage, although at much lower frequencies. The
method can be used to detect the possible periclinal constitution of plants. Heiken
X-irradiated 50 sprouting tuber halves of a spontaneous subdivided-leaf mutant with 4000
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rad (Heiken & Ewertson, 1963; Heiken et al., 1963). In the vM,, 5 plants showed ane or
more normal shoots., The high frequency of normal shoots, together with the fact that
they were observed already in vM, , indicate that the change was caused by histological
effects. In practice the method of eye-excision of potato tubers is mostly used to detect
chimerism.

Additional studies are necessary to determine the importance of these histogenic
effects for different types of irradiation and to clarify relationships between mutagenic
and histogenic effects of irradiation.

23.8 Concluding remarks and suggestions for further research

After the important contributions of Heiken and others around the sixties, new potato
cultivars, obtained via the application of mutation techniques, scemed only a question of
time. However, at present, more than 15 years later, only one cultivar, obtained in this
way, has been released (cv. Konkei 45 with improved tuber-skin colour in 1973 in Japan).
In addition Aleksahin (Anonymous, 1973) has reported that in the USSR some potato
cultivars have been approved for use by farmers, ¢.g. one cultivar, obtained by Skarnikov
after irradiating seedlings with 800 R of vy-rays, showing better resistance against Phy-
tophthora. Technical problems often are said to account for the lack of success. Neverthe-
less the literature review shows, that high frequencies of mutations can be produced,
which, if experimental conditions are properly chosen, can be obtained practically chime-
ra-free. Up to now this task has been rather laborious and it seemed necessary to lock for
better and quicker methods. Additional data on the fate of a mutated cell in the apical
area or at other places where regeneration can occur have to be collected. The behaviour
of the irradiated apex itself also deserves further attention. Such investigations may also
increase our insight into histogenic effects,

For practice it would be very useful if whole plants could be grown from single
mutated cells, not only in order to overcome chimerism, but also to make a better use of
the mutations which are induced in different parts or layers of the plant. The adventitious
bud method, with buds of which the apex often arises from a single epidermal cell, has
given positive results with several ornamentals, If this method could be developed for
potato, it would be a simple rapid way to produce large numbers of solid mutants. It is
also of considerable practical importance to know whether all cells of a2 shoot apex have
an equal chance to mutate.

The tetraploid nature of the common potato leads to many complications from a
breeding point of view. For general breeding work as well as for mutation breeding work,
the use of di(ha)ploid clones would considerably speed up both fundamental and prac-
tical wark. For mutation studies heterozygous test clones at the diploid level would be of
much value.

Finally it seems nowadays that the effect of pletotropisin is less important than was
anticipated in the past. Provided that high quantities of mutations can be induced, types
without negative side-effects undoubtedly can be found.

In addition to technical problems there are, as was stated in the introductory chapter,
a number of other reasons why mutation breeding in potato has not been successful up to
now. First much of the research on mutations has never passed the stage of preliminary
trials. Many experiments were conducted on a limited scale and only for a few vegetative
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generations. It is indeed remarkable that plant breeders at scientific institutes as well as at
private stations begin conventional potato breeding programmes with many thousands of
crosses, whereas they expect miracles from the irradiation of, let us say, 200 potato
tubers or eye-plugs.

For successful mutation breeding work it is essential to be realistic about objectives as
well as the practical approach. As long as sufficient genetic variation can be obtained
more easily or more quickly by other methods, the mutation technique should not be
applied. But the failure in, for example, the Netherlands to produce a suitable substitute
for the famous cv. Bintje for over 60 years, clearly demonstrates that masses of conven-
tional work does not always lead to success. Mutation breeding should not replace initial
potato crossings. The most promising approach is to apply the method in advanced stages
of breeding programmes to cure certain, well-defined ‘defects’ in promising breeding
material and in commonly accepted cultivars.
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3 Production of a dihaploid potato clone with genetic markers

3.1 Introduction

In 1970 a programme for the creation of a dihaploid potato tester clone with genetic
markers was initiated. The clone was to serve as basic material for ali further mutation
studies, such as the determination of mutation frequencies after different treatments, the
study of differences in mutability per histogenic layer and the investigation of adventi-
tious shoot production.

In early mutation experiments, for example with diploid self-fertilizing crops like
barley or pea, (recessive) mutations (e.g. AA = Aa) were normally detected by selfing the
M; and studying the successive segregating generation. The use of tester stocks, het-
erozygous for one or more genes, made it possible to determine the genetic effect of
mutagenic treatments directly in the treated generation. Often colour genes were used.
Early reports about the use of marker genes in mutation studies are from, for instance,
Sparrow & Pond (1965) and Cuany et al. (1958a,b) for Anthirrhinum majus, Stein &
Steffensen (1959b) for Zea mays and Grober (1962) for Lycopersicon esculentum. At
present many fundamental mutation studies are performed on stamen hairs of diploid
clones of Tradescantia species, which are heterozygous for colour (see Mericle & Mericle,
1967; Ichikawa & Sparrow, 1968 and Ichikawa et al., 1969).

The common cultivated potato is tetraploid (2n = 4x = 48), so that comparable
mutation studies can only be done if one could work with genetic characters which are
present in simplex condition {e.g. Aaaa). Since these simplex characters occur at relatively
low frequencies and, moreover, are difficult to identify as such, I decided to try and
produce a potato clone at the diploid level by combining different dihaploids. Parallel
with the definition of haploids, which are sporophytes with the gametic chromosome
number, dihaploids are haploids which are derived from tetraploids (Kimber & Riley,
1963; Riley, 1974.) A suitable clone (2n = 2x = 24) should contain a number of well-
known genetic markers in heterozygous condition. In addition, the clone should be vital,
male as well as female fertile, healthy and easy to handle in the greenhouse.

Practically all potato dihaploids nowadays are produced from crosses between tetra-
ploid S. tuberosum L. (the common potato) as female parent and the cultivated S,
tuberosum Group Phureja (Dodds, 1962) or S. phureja (Hawkes, 1956, 1963) as polli-
nator, according to the method suggested by Hougas et al, (1958). Haploid embryos
develop by parthenogenesis. The frequency of haploid production is affected by the
female parent as well as by the pollinator (Hougas et al., 1964 and many others after-
wards). At present monohaploids (n = x = 12) can be obtained by successive cycles of
parthenogenesis (Van Breukelen et al., 1975). Anther culture, another method to pro-
duce haploids, has been rather successful for some wild Solanum species (Irikura, 1975;
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Irikura & Sakaguchi, 1972), but much less so for 8. fuberosum (Dunwell & Sunderland,
1973).

3.1.1 Genetic markers in potato

Our knowledge of potato genetics, especially at the tetraploid level, is still limited and
only a few suitable, well-defined genetic markers are available (De Jong, 1971). Although
up to now 75 potential genetic markers have been reported for potato (Kessel, 1972),
most of thern are not suitable for genetic or mutation studies for different reasons. A
practical complication is the absence of a standard nomenclature for potato genes
{Howard, 1970a). The inheritance of tuber, sprout and flower colour in tetraploid pota-
toes was studied by Lunden (1937, 1960, 1974). He described a number of genetic
factors.

Van Harten et al. (1973) analysed the nature of an induced mutation for leaf shape,
indicated as ‘ivy leaf’ (I7}, in cv, Burmania. The /I clone, obtained in 1961 after X-irradia-
tion of tuber pieces with 2 krad, was studied for many years. The Il character, which is
present in all three histogenic layers of this (tetraploid) clone, must be caused by a (rare)
mutation towards dominant. (N.B. Another explanation: the occurrence of a recessive
mutation for an inhibitor gene, present in heterozygous condition, must be rejected, as
many selfings in normalleaved cv. Burmania never produced any # plant). Deviations
were observed from normal Mendelian segregation ratios. If there is no chromatid assort-
ment (@ = 0), a system with five complementary genes is needed to explain the observed
deviations. For one of these genes a mutation from nulliplex towards simplex must have
occurred. If & reaches very high values (e.g. 1/8), only one gene suffices to explain these
deviations.

In recent years an increasing number of clones at the diploid level (dihaploids, culti-
vated diploids, wild diploids and different crosses) have become available, which has led
to a considerable speeding up of the collection of genetic data for potato. Nevertheless,
only a few linkage groups are recognized at present and most of the known genes cannot
yet be assigned to specific chromosomes.

Hermsen et al. (1973), using trisomic analyses, localized a single recessive mutant gene
{v) for light green plant colour on chromosome 12 of dihaploid potato material. Dodds &
Long (1955, 1956) studied the inheritance of colour in diploid cultivated potatoes,
mainly 8. rybinii (now S. tuberosum group Phureja). Gene P was found to control the
synthesis of blue pigment and to act epistatically to gene R which controls the synthesis
of red piginent. The authors further established a linkage group for the already known
genes B, I and F. Gene B is a localization factor, gene [ controls the distribution of
pigment in tuber skin and stem and gene F controls pigmentation in flowers (additional
data are given in Section 3.2).

Recessive genes for yellow margin and narrow leaflet in S. rybinii were studied by
Dodds & Paxman {1962). Simmorids (1965) described 12 spontaneous mutants in culti-
vated diploid potatoes of the Groups Phurgjz and Stenotomum, such as yellow margin,
narrow leaflet, leafroll type, curled leaf, crumpled leaf, droopy and shorty. The inheri-
tance of most characters is unknown. Only four mutants reached the flowering stage and
only ‘droopy” could be used in crosses. Recently De Jong (De Jong, 1971; De Jong &
Rowe, 1972) screened large populations for marker genes. These populations were ob-
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tained via selfing of hybrids from crosses between diploid cultivated potatoes and diha-
ploids. Possible new markers were searched for and others described earlier were sub-
mitted to additional investigations. The gene Ow (controlling the pigmentation of the
ovary wall) could be linked to the B/-F linkage group. Another major gene that controlls
tuber shape could be associated with the same group. Studies were also made of genes
controlling the synthesis and distribution of anthocyanin, of other possible chemogenetic
markers and of other genes involving morphological and physiological characters. Kessel
(1972) and Kessel & Rowe (1974) described the development of interspecific and intra-
specific aneuploids from triploid-diploid crosses for the localization of genes on chromo.
somes. The inheritance of some previously unknown traits was studied. The single domi-
nant gene Pw (pigmented whorl) could be linked to the F<Ow-{-B linkage group. Another
single dominant gene U7 (underleaf pigmentation) could not be linked to any known
group.

Finally, in the diploid wild species S. chacoense a gene for albinism was reported by
Lam & Erikson (1971).

3.1.2 Potato dihaploids in mutation breeding

Only very few examples of the use of potato dihaploids in mutation work are known.
Acting on a suggestion by Hougas & Peloquin (1958), Dommergues (1962) referred to
such a clone under investigation at his institute, but this work does not seem to have been
continued.

In 1964, Ferwerda (see van Harten & Bouter, 1973) irradiated tubers of 125 different
clones of (primary) dihaploids and secondary dihaploids (i.e. crosses between primary
dihaploids) with 2 and 3 krad of X-rays. Rather surprisingly dihaploids recovered from
direct physiological damage practically as quickly as normal tetraploids. The frequency of
visible mutations, determined by studying six plants per irradiated clone, remained low
{5.5% for the 2 krad series and 14% for the 3 krad series).

Van Harten & Bouter (1973) irradiated a dihaploid clone of cv. Désirée with 3 krad of
X-rays. In this experiment 150 whoele tubers were treated with a dose rate of either 50 or
1000 rad/min. Mutation frequency and percentage of uniform mutants were determined
in vM,. Each series consisted of more than 600 clones. Per clone three plants were
studied. The 1000 rad/min series produced mutated plants at a frequency of 32% com-
pared with 26% for the 50 rad/min series. The difference between both series proved to
be statistically significant in a 2 x 2 contingency test (x? = 5.23; P < 0.025). Depending
on when the emerging sprouts were dissected, up to 67% of uniform mutants were
obtained.

3,2 Material and methods

In 1970, five different sources of diploid or dihaploid material were available. These
were studied for their suitability as test material. Four sources, designated IvP48, 70R,
69G and Tester III, were obtained from Hermsen of IvP. A fifth source, DBK, consisted
of a few dihaploid plants extracted from the ivy-leaf mutant in cv. Burmania (van Harten
et al., 1973).

IvP48 is a Phureja clone derived from a sib-cross between F; plants from PI 225702-2
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x PI 225682-22, This clone is rather vital and fertile, and homozygous for the loci P, B
and I. 70R refers to a group of dihaploid plants extracted in 1970 from cv. Radosa. In
this group the gene R, which determines monogenic resistance to late blight (Phytoph-
thora infestans), is present in an heterozygous condition in 50% of the Radosa dihaploids,
The genetics of other characters of this group such as leaf and stem colour are unknown.
Some clone numbers like 70R110 had a lighter leaf colour than normal. 69G indicates a
group of dihaploids from cv. Gineke, which, according to Hermsen (pers. commun.,) very
probably contain a single recessive gene for light green leaf in homozygous condition.
Tester III plants were derived from a cross between a (diploid) plant of S. tuberosum
group Stenotomum and a dihaploid clone introduced from the USA (code US-W4). Via
sib-mating some colourless plants, probably recessive for colour genes, were isolated.
The different gene symbols used throughout this publication stand for the following

characters: ‘
P — A factor controlling the synthesis of blue (or purple) pigment. P is epistatic to

another colour factor R that controls the synthesis of red pigment (N.B. Factor R

has not been considered in this publication).

I — A factor complementary to P, controlling the distribution of pigment in tuber
skin and stem, fi suppressing tuber pigmentation.
B — A multiple allelic factor controlling the localization of anthocyanin at the base of

the cotyledons and of all plants parts which are homologous to cotyledons like
leaves, leaflets, tuber scales and flowers. B is only expressed if the gene P (or R) is
present. In our work only the highest allele A7 is used. Lower alleles of B display
more restricted pleiotropic effects.

R_ — (Assumedly) a factor determining monogenic resistance to all races of late blight
except race x. The resistance is based on a hypersensitivity reaction (N.B. Although
the use of the symbol R, for late blight resistance genes is strictly speaking incorrect,
we have used it throughout the work).

V — A factor controlling the green colour of the plants. In recessive condition (vv) a
light green colour can be observed already in the young seedling. The leaflets are
undulate oval and the growth vigour is less than in normal green plants.

— A factor leading in recessive condition to leaflets with yellowish margins and to
plants which often remain small.

To combine as many potential genetic markers as possible into a test clone for general

use, in 1970 the double cross (IvP48 x DBK) x (70R x 69G) was planned. As the results

show, this goal was not achieved. Therefore many other crosses were made, most of them
being repeated several times. As soon as certain crossing products looked promising from
the point of general growth, health, vitality, fertility, penetrance of marker genes etc.,
they were submitted to different tests. Special attention was paid to the capacity of
selected clones to reproduce vegetatively from different plant parts. In a number of cases
test crosses were made to find out whether the marker genes indeed were heterozygous.

Promising clones were propagated and submitted to different X-irradiation treatments to

establish radiosemsitivity and mutability, the latter especially of the different marker

genes present. Several other plants with possible markers were tested like a clone of cv.

Spartaan with physiological curling (black veinal necrosis) of the leaves. They all had to

be rejected for different reasons like e.g. very poor fertility, a high amount of antho-

cyanin, etc.
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