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During the past seventy years, worldwide more than 2250 varieties have been released that have been
derived either as direct mutants or from their progenies. Induction of mutations with radiation has been the
most frequently used method for directly developed mutant varieties. The prime strategy in mutation-
based breeding has been to upgrade the well-adapted plant varieties by altering one or two major traits,
which limit their productivity or enhance their quality value. In this paper, the global impact of mutation-
derived varieties on food production and quality enhancement is presented. In addition, the economic
contribution of the selected mutant varieties of rice, barley, cotton, groundnut, pulses, sunflower, rapeseed
and Japanese pear is discussed. In several mutation-derived varieties, the changed traits have resulted in
synergistic effect on increasing the yield and quality of the crop, improving agronomic inputs, crop rotation,
and consumer acceptance. In contrast to the currently protected plant varieties or germplasm and
increasing restrictions on their use, the induced mutants have been freely available for plant breeding.
Many mutants have made transnational impact on increasing yield and quality of several seed-propagated
crops. Induced mutations will continue to have an increasing role in creating crop varieties with traits such
as modified oil, protein and starch quality, enhanced uptake of specific metals, deeper rooting system, and
resistance to drought, diseases and salinity as a major component of the environmentally sustainable
agriculture. Future research on induced mutations would also be important in the functional genomics of
many food crops.
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Anderson P.A. & Georgeson M (1989): Herbicide-tolerant mutants of corn. Genome 31, 994-
999 | https://doi.org/10.1139/g89-173

Eight imidazolinone herbicide resistant corn cell lines were obtained from in vitro cell culture selections.
Plants were regenerated from five of the lines and resistant progeny obtained from four. Of the four, one
line showed cross resistance to a sulfonylurea herbicide (class A), while three lines were resistant only to
imidazolinones (class B). The class A line and one class B line were characterized in detail. Line XA17
possessed a single semidominant gene for resistance and plants homozygous for the trait showed 300-fold
resistance to imazaquin and 100-fold resistance to chlorsulfuron. Resistance was due to decreased
herbicide sensitivity of acetohydroxy acid synthase (AHAS), the common site of action of the imidazolinone
and sulfonylurea herbicides. Resistance was stable following four to six backcrosses to corn inbred lines.
Line QJ22 (class B) plants homozygous for tolerance showed 30-fold resistance to imazethapyr and no
resistance to imazethapyr and no resistance to chlorsulfuron. The biochemical mechanism of resistance for
line QJ22 is presently not clear.Key words: corn, maize, herbicide tolerance, acetohydroxy acid synthase,
imidazolinone, sulfonylurea.
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morifolium Ram. using in vivo and in vitro adventitious bud techniques. Euphytica 25, 11—
19 | https://doi.org/10.1007/BF00041524

During experiments, which are being carried out to study the factors which control the process of
adventitious bud formation in vivo on detached leaves of Chrysanthemum morifolium Ram, adventitious
shoots were produced from leaves, irradiated with 500 rad of X-rays. The most important but
disadvantageous result was that the majority of the adventitious shoots proved to be of a chimeral nature
and obviously developed from more than one cell. An in vitro adventitious bud technique was developed
using different types of explants. Pedicel segments regenerated the highest number of adventitious shoots
and, moreover, they developed faster as compared to explants of young flower heads or leaves. The
mutants produced by irradiating the various explants were almost exclusively of a solid (non-chimeral)
nature. In addition, histological observations suggest that single epidermal cells are involved in the initiation
of the adventitious shoot apices. The optimum dose for mutant production is approximately 800 rad X-rays.
Rather often, more than one phenotypically identical mutant was found, which was always derived from
the same explant. They could for instance originate from a multi-apical meristem formed by a single
mutated cell.
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Technics are now available for growing plant cel! cultures in liquid suspensions. These methods allow to test
the production and the selection of somatic plant cell mutants. Severa! physical and chemical mutagenics
have been tested, successfully in sorne cases. Selection technics of auxotrophic or prototrophic mutants
have been studied by the use of selective synthctic media. Experimental production of auxin independent
cell lines has been obtained by the use of nitrosoguanidine. For at least one of these lines the impact of the
mutation is suggested to result of a molecular modification of an auxin-oxidase.
https://doi.org/10.1080/00378941.1970.10838870

Magha M.I, P. Guerche P., Bregeon M., M. Renard M. (1993): Characterization of a
spontaneous mutant tolerant to sulfonylurea and imidazolinone herbicides. Plant Breeding
111, 132-141. | https://doi.org/10.1111/j.1439-0523.1993.tb00619.x

A spontaneous chlorsulfuron tolerant variant, RCS-5, was isolated from protoplast culture of rapeseed,
Brassica napus L. The tolerance level of the mutant was due to mutation of a single dominant gene resulting
in an alteration of the acetolactate synthase enzyme. Seedling growth bioassays applied in vitro or after
seed-soaking treatment showed that the mutant was 250——500 more tolerant to chlorsulfuron than the
sensitive control. Field tolerance was evaluated with commercial formulations of chlorsulfuron (Glean T),
triasulfuron (Kéos), and metsulfuron methyl (Allié), and an imidazolinone imazamethabenz (Méganet). The
results indicated that the mutant could tolerate a lower dose rate of sulfonylureas than the dose
recommended for cereal culture. In contrast, the mutation provided a good protection against
imazamethabenz. The possibility of using the protoplast-derived mutation in crop rotation and F1 hybrid
seed purity assessment is also discussed. However, isolated lines of the mutant were found to be less
productive and one week later than the sensitive parent.
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1439-0523.1993.tb00619.x

Newhouse, K., Singh, B., Shaner, D. et al. (1991): Mutations in corn (Zea mays L.) conferring
resistance to imidazolinone herbicides. Theoret. Appl. Genetics 83, 65-70 |
https://doi.org/10.1007/BF00229227
Three corn (Zea mays L.) lines resistant to imidazolinone herbicides were developed by in vitro selection
and plant regeneration. For all three lines, resistance is inherited as a single semidominant allele. The
resistance alleles from resistant lines XA17, X112, and QJ22 have been crossed into the inbred line B73, and
in each case homozygotes are tolerant of commercial use rates of imidazolinone herbicides. All resistant
selections have herbicide-resistant forms of acetohydroxyacid synthase (AHAS), the known site of action of
imidazolinone herbicides. The herbicide-resistant phenotypes displayed at the whole plant level correlate
directly with herbicide insensitivity of the AHAS activities of the selections. The AHAS activities from all
three selections have normal feedback regulation by valine and leucine, and plants containing the
mutations display a normal phenotype.
https://link.springer.com/article/10.1007/BF00229227

Newhouse K., Smith W.A,, Starrett M.A., Schaefer T.J., Singh B.K. (1992): Tolerance to

imidazolinone herbicides in wheat. Plant Physiol 100:882-886.
An imidazolinone-tolerant wheat (Triticum aestivum L. em Thell) mutant in the winter wheat cultivar Fidel
has been identified and characterized. The mutant was isolated from a population derived through seed
mutagenesis of the variety with an aqueous solution containing sodium azide. Imidazolinone-tolerantwheat
seedlings were selected from the M2 generation of the population in the presence of imazethapyr herbicide
and identified as herbicide-insensitive individuals. The trait is inherited as a single semidominant gene and
confers high levels of tolerance to imazethapyr. Acetohydroxyacid synthase activity in extracts from
imidazolinonetolerant plants was less inhibited by imazethapyr than the enzyme from the wild type. The
herbicide-tolerant plants have a completely normal phenotype and display no negative effects on growth
and yield in either the absence or presence of imazethapyr.
http://www.plantphysiol.org/content/plantphysiol/100/2/882.full.pdf
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1756, 186-187 | DOI: 10.1126/science.68.1756.186
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Pfenning M., Palfay G. & Guille T. (2008): The CLEARFIELD® technology — A new broad-
spectrum post-emergence weed control system for European sunflower growers. Journal
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Sunflower (Helianthus annuus L.) is an important oilseed crop in Europe with a total planted area of about
9.2 million hectares in 2006. Weeds are a major production problem in sunflower cultivation. Sunflower is a
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poor competitor during the early growth stages until canopy closure. Therefore, weeds compete
successfully during these growth stages for light, water and nutrients. Limitation of available herbicides,
especially herbicides to control broadleaf weeds, causes considerable yield losses to sunflower producers.
The CLEARFIELD technology has been developed in sunflower to allow the use of imidazolinone herbicides
as a post-emergence weed control option. The mode of action of imidazolinone herbicides is the inhibition
of the enzyme acetohydroxyacid synthase (AHAS). While conventional sunflower is sensitive to
imidazolinone herbicides, CLEARFIELD sunflower hybrids have been modified to survive an otherwise lethal
application of these herbicides. The trait for tolerance to imidazolinone herbicides in CLEARFIELD sunflower
goes back to a naturally occurring mutation in the AHAS gene detected in a wild population of Helianthus
annuus. This technology does not involve the introduction of foreign genetic material from other sources
and thus is characterized as a non-GMO (genetically modified organism) process. CLEARFIELD herbicides
provide exceptional foliar and soil activity to control a broad spectrum of weeds occurring across regions
and cropping systems where sunflowers are produced.
http://www.ask-force.org/web/HerbizideTol/Pfenning-CLEARFIELD-technology-Sunflower-2008.pdf

Predieri, S. (2001): Mutation induction and tissue culture in improving fruits. Plant Cell,
Tissue and Organ Culture 64, 185-210 | https://doi.org/10.1023/A:1010623203554

This review describes in vitro mutation induction methods in fruits and the in vitro selection procedures
available for early screening. Results obtained through in vitro mutation techniques, including somaclonal
variation, are reviewed and compared with the current achievements and future prospects of transgenic
breeding. Plant improvement based on mutations, which change one or a few specific traits of a cultivar,
can contribute to fruit improvement without altering the requirements of fruit industry. Induced mutations
have well defined limitations in fruit breeding applications, but their possibilities may be expanded by the
use of in vitro techniques. Tissue culture increases the efficiency of mutagenic treatments for variation
induction, handling of large populations, use of ready selection methods, and rapid cloning of selected
variants. Molecular techniques can provide a better understanding of the potential and limitations of
mutation breeding e.g. molecular marker-assisted selection, which can lead to the early identification of
useful variants. The relatively high number of research reports compared with the low number of cultivars
released suggests that mutagenesis in combination with tissue culture is either ineffective or has yet to be
exploited in fruits. Positive achievement recorded in other species seem to support the hypothesis that in
vitro mutation induction has high potential also for fruit improvement. The possible contribution of a well-
pondered and coordinated use of the numerous mutation induction, mutant selection, and field validation
procedures available to advances in fruit breeding is discussed.
https://link.springer.com/article/10.1023/A:1010623203554

Radin D.N. and Carlsson P.S. (1978): Herbicide-tolerant tobacco mutants selected in situ
and recovered via regeneration from cell culture. Genet. Res. Camb. 32, 85-89.
The herbicides Bentazone and Phenmedipharm kill the leaves of intact tobacco plants but do not affect
callus cultures. Tolerant mutants were isolated by treating leaves of previously y-irradiated haploid plants
with herbicide then excising and culturing the green herbicide-resistant cell clones on the otherwise
yellowed leaves. Among plants subsequently regenerated were a total of ten stable independently isolated
mutants. Sexual crosses show these ten represent four Bentazone and two Phen-medipharm loci; all
mutants were recessive to wild type.
https://www.cambridge.org/core/services/aop-cambridge-
core/content/view/583BFC4080A1C14DE2417ADC6392C66D/S0016672300018553a.pdf/herbicidetolerant_
tobacco_mutants_selected_in_situ_and_recovered_via_regeneration_from_cell_culture.pdf

Sung Z.R. (1976): Mutagenesis of cultured plant cells. Genetics 84, 51-57.
Experiments were designed to study the effectiveness of the chemical mutagens ethylmethane sulfonate
and nitrosoguanidine on plant cells growing in liquid suspensions. Mutation frequency was defined as the
number of colonies appearing on selective plates divided by the number of colonies growing on non-
selective plates. The compounds tested usually increased mutation frequency by one order of magnitude
over the spontaneously occurring rate, although the increase ranged from one to 140-fold. Cell killing was
found to be directly correlated with mutation frequency.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1213564/

Swanson E.B. et al. (1989): Microspore mutagenesis and selection: Canola plants with field

tolerance to the imidazolinones. Theoretical Applied Genetics, 78: 525-530.
In vitro microspore mutagenesis and selection was used to produce five fertile double-haploid
imidazolinone-tolerant canola plants. The S2 plants of three of the mutants were resistant to at least the
field-recommended levels of Assert and Pursuit. One mutant was tolerant to between five and ten times
the field recommended rates of Pursuit and Scepter. Two semi-dominant mutants, representing two
unlinked genes, were combined to produce an F1 hybrid which was superior in imidazolinone tolerance to
either of the heterozygous mutants alone. Evaluation of the mutants under field conditions indicated that
this hybrid and the original homozygous mutants could tolerate at least two times the field-recommended
rates of Assert. The field results indicated the mutants were unaffected in seed yield, maturity, quality and
disease tolerance. These genes represent a potentially valuable new herbicide resistance system for canola,



which has little effect on yield, quality or maturity. The mutants could be used to provide tolerance to
several imidazolinones including Scepter, Pursuit and Assert.
https://link.springer.com/article/10.1007/BF00290837

Tan S. et al. (2005): Imidazolinone-tolerant crops: history, current status and future. Pest
Management Science, 61: 246-257 - DOI: 10.1002/ps.993.

Imidazolinone herbicides, which include imazapyr, imazapic, imazethapyr, imazamox,imazamethabenz and
imazaquin, control weeds by inhibiting the enzyme acetohydroxyacid synthase(AHAS), also called
acetolactate synthase (ALS).AHAS is a critical enzyme for the biosynthesis of branched-chain amino acids in
plants. Several variant AHAS genes conferring imidazolinone tolerance were discovered in plants through
mutagenesis and selection, and were used to create imidazolinone-tolerant maize (Zea maysL), wheat
(Triticum aestivumL), rice (Oryza satival), oilseed rape (BrassicanapusL) and sunflower (Helianthus
annuuslL). These crops were developed using conventional breedingmethods and commercialized as
Clearfield*crops from 1992 to the present. Imidazolinone herbicidescontrol a broad spectrum of grass and
broadleaf weeds in imidazolinone-tolerant crops, including weedsthat are closely related to the crop itself
and some keyparasitic weeds. Imidazolinone-tolerant crops mayalso prevent rotational crop injury and
injury caused by interaction between AHAS-inhibiting herbicidesand insecticides. A single target-site
mutation in the AHAS gene may confer tolerance to AHAS-inhibitingherbicides, so that it is technically
possible to developthe imidazolinone-tolerance trait in many crops.Activities are currently directed toward
the continued improvement of imidazolinone tolerance anddevelopment of new Clearfield *crops.
Management of herbicide-resistant weeds and gene flow from cropsto weeds are issues that must be
considered with the development of any herbicide-resistant crop. Thus extensive stewardship programs
have been developed to address these issues for Clearfield*crops.
https://naldc.nal.usda.gov/download/6812/PDF
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