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Introduction
Sudden, heritable changes in the genetic material, DNA, are known as mutations. Selection of naturally occurring
mutations in wild, ancestral species helped humans in the domestication and further improvement of today's crop
plants. Although Charles Darwin was unaware in 1859 of variation and mutations in living organisms, his theory
of evolution by natural selection assumed variability. Much later, it was established that mutations are the source
of biodiversity, and the driving force for evolution. Gregor Mendel in 1865 also used several mutants in his exper-
iments with garden pea to formulate the laws of inheritance. The term mutation itself was used for the first time
by Hugo de Vries in 1901 in his mutation theory.

Plant breeding based on the science of genetics, as practiced over the past 100 years, exploited the avail-
able genetic variability in the primary gene pool of crop plants, and sometimes in related species. This approach
enlarged the yield potential of crops several fold. It also a) improved the stability of yield by incorporating resist-
ance to various biotic and abiotic stresses; b) improved quality of the produce; and c) altered the adaptability of
crop species, providing opportunities to grow new crops for food security outside their traditional range.

Genetically improved seed (or other planting material) is the most significant input for developing sus-
tainable cropping systems for food security and economic growth. Half of the increased productivity of today's
crop plants comes from genetic improvements. The other half is contributed by inputs and management practices.

Induced mutations
Exposing seeds and other plant tissues to radiation or chemical mutagens enhances the mutation rate and enlarges
the overall genetic variability. In the past seventy years, and especially after the first FAO/IAEA meeting on the
subject in 1964, plant breeders have made extensive use of induced genetic diversity to select for desirable char-
acteristics. In principle, all genes can be mutated, provided appropriate screening methods are devised to select
for the altered type. Mutants modifying morphological, physiological, and biochemical traits have been isolated
and utilized in breeding programs. Visible traits that can be easily identified such as plant height, growth habit,
flowering time, seed size, color, and composition, have been readily selected. Such mutants have either been
developed directly as a new cultivar or utilized in cross breeding.

Impact of induced mutations
The Plant Breeding and Genetics Section of the Joint FAO/IAEA Division maintains a Mutant Variety Database
(MVD) which lists more than 2250 cultivars of 175 species that have been officially released in sixty countries.
Among these, 1700 are in the food crops cereals (1072), legumes (311), vegetables (66), and oil crops (59); the
rest are industrial crops and ornamental plants1. In fact, the MVD does not reveal the full usage of the induced
variability because it does not include all the derivatives selected after cross breeding.

The impact of the new cultivars can only be estimated by the acreage in which they are grown. In the
absence of well organized seed production in most developing countries, and given the prevalence of informal
seed sales between farmers, it is very difficult to estimate the real spread of a given derivative. To take one impor-
tant example, rice is the staple food for nearly half of the human population. More than 90% is grown in devel-
oping countries. 434 cultivars derived from induced mutants have been released in 28 countries, including

1 Cultivation of ornamental plants, where climatic conditions provide a comparative advantage, generates cash flow for

farmers, enhancing their access and entitlement to food.
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China (117), Japan (46), India (31), Guyana (26), Ivory Coast (25) USA (23), and Vietnam (14). The data in Table
I give an idea of the huge scope and impact of this success story.

Other major success stories are listed in Table II. Some unique mutants that have been isolated and used
include those with alterations in fatty acid composition; host-pathogen and host-symbiont interactions; and
response to day length. Economic benefits realized from some mutant varieties are given in Table III. Lastly, an
example of estimated returns on investment in induced mutation research is presented (Table IV).

Mutant cultivars, both in developed and developing countries, have raised the land's productivity, improved
quality, strengthened the production base, and contributed to food security and economic growth.

Outlook for the future
Continued growth in plant productivity will be necessary until the human population stabilizes. Even in a fully
food-secure world, further improvements in crop plants will be required to meet the challenges of climatic
changes, or for alternative uses of farm produce, for example as renewable starting material for industrial pro-
duction.

New tools based on recombinant DNA techniques are being added rapidly to the plant breeder's "tool box".
Induced mutations will remain an important tool in this box, especially for a) those with no or limited access to
the new, more expensive technologies; b) locally preferred varieties; and c) vegetatively propagated crops. Knowl-
edge-based induction of mutations in specific genes, single residue replacements at the desired position (site
directed mutagenesis), and more effective selection methods will enhance the overall utility of the technique.

Mutants will remain the basic resource for identifying genes and understanding their function at the molec-
ular level. With the advancement of plant molecular biology, their importance will only increase. Mutation induc-
tion is one of the most efficient and cost effective tools for functional genomics and proteomics.

Agriculture will remain the engine of economic growth for many nations. Increased crop productivity sup-
ports overall agricultural growth. Mutations are the source for providing efficient metabolic pathways to produce
new, value-added, crops and the products derived from them.

Acknowledgments: Thanks to Drs. Etsuo Amano, B. Ahloowalia, S. F. D'Souza, S. M. Jain,
Ms. K. Nichterlein, S. E. Pawar, M. Maluszynski, S. K. Mahajan, R. Mitra, G. S. S. Murthy, and N. Roux for
their help.

"When eating fruit, think of the person who planted the tree." A Vietnamese proverb.

H. J. Muller (1927): Demonstrated that mutations can be induced by X-ray exposures.
L. J. Stadler (1930): Extensively induced mutations in maize.
H. Nilsson-Ehle and A. Gustafsson pioneered mutation research for crop improvement in Sweden in 1928.
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TABLE I. IMPACT OF INDUCED MUTATIONS IN RICE IMPROVEMENT

Country

China

Japan

India

California1

Myanmar

Thailand

Australia

Egypt

18
8
3
2
Yuanfengzao
Zhefu 802
Other Zhefu

Aki-hikari
Reimei

Jagannath

Calrose 76
M-7
M-101
S-201
M-301

Shwartum

RD6

9 hybrids of Carlose 76

2 hybrids of Carlose 76
Giza 176
Sakha 101

hectafe)"

30,000 - 70,000 each
70,000 - 200,000 each
200,000 - 700,000 each
> 700,000 each
6,000,000 (1975 - 83)
10,600,000 (1962 - 94)
14,000,000 total

2,000,000 -3,000,000
2,000,000 - 3,000,000

Large area in 4 eastern States

220,000
450,000
150,000
675,000
150,000

4,800,000

2,400,000

Extensive

Leading variety

Cultivars listed occupy 54% of area devoted to rice growing in the state
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TABLE II. OTHER SUCCESS STORIES

Impact of InducedjMutatiQris •:Ki,;

Cereals Semi-dwarf, malting barley cultivars (150) in all continents carry denso gene from cultivar Dia-
mant, an induced mutant of cultivar Valticky. Estimated area by 1987 was 2.86 million ha.
Eleven barley cultivars derived from the original three cultivars 44/3, Pallas and Mari in Sweden.
Extensive studies on induced mutants for powdery mildew resistance at the mlo locus has led to
the use of the natural mutant from Ethiopia in European barley breeding.
Thirty eight wheat cultivars released in USA have original mutant cultivars Payne, Lewis and
Stadler in their pedigree.
Rice mutant cultivars released in Burkina Faso, Ivory Cost, and Senegal.
Eight sorghum mutant cultivars and three of African rice released in Mali.

Oil seeds New cultivars with altered fatty acid composition released in rapeseed, sunflower and linseed/flax.
Linseed previously only a source of non-edible oil, converted to edible oil crop - Linola.
Modern sunflower hybrids and cultivars grown in Europe and USA with high oleic acid derive the
character from mutant cultivar Pervenets.
Castor bean (Ricinus communis) mutant cultivar Aruna and its derivatives replaced older cultivars
under rainfed cultivation due to their early maturity in India.
Currently, 9% of the total groundnut breeder's seed in India is for mutant cultivar TAG-24, and
another 2% for older TG cultivars.
With inter-mutant crosses and selection in India, partitioning of dry matter to pods and seeds in
groundnut enhanced to over 52%, same pod yield can be harvested now in about 100 days that was
obtained in 130-140 days.
Five sesame mutant cultivars released in Egypt.

Legumes Mutants showing altered host-symbiont relationship leading to hyper- and nitrate-tolerant nodula-
tion isolated in several grain and fodder legumes.
Soybean cultivar Nitrobean with hyper- and nitrate-tolerant nodulation released in Australia.
Many cultivars of common bean {Phaseolus vulgaris) in USA derive bushy habit from induced
mutant cultivar Sanilac.
Moth bean {Phaseolus aconitifolius) mutant cultivar RMO-40 which escapes drought due to early
maturity is grown over a large area in the state of Rajasthan, India.
Day length neutral mutant of stem nodulating Sesbania rostrata after 55 days growth can provide
equivalent of 60 kg N/ha to the following rice crop.

Fruits Two grapefruit mutant cultivars Star Ruby and Rio Red with red flesh, and seedless are grown on
over 7,300 ha (75% of area) in Texas, and sold under trade name Rio Star.
Seedless Citrus cultivars developed in China and South Africa.
Banana cultivar Novaria released in Malaysia, two clones developed in Sudan, and Sri Lanka.

Mint Peppermint cultivar resistant to Verticillium wilt, Todd's Mitcham, forms bulk of the world's pro-
duction of mint oil. Murray Mitcham and Todd's Mitcham are two of the three resistant types in
USA.
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TABLE III. EXAMPLES OF ECONOMIC GAINS FROM MUTANT CULTIVARS

Semi-dwarf rice in California, USA

Durum wheat in Italy

Disease resistant Japanese pear "Gold Nijisseki"

18 rice mutant cultivars in Japan

NIAB 178 cotton in Pakistan

Jauhar 78 wheat in Pakistan

Sind 81 wheat in Pakistan

Sarsabz wheat in Pakistan

Various NIAB mung bean cultivars in Pakistan

TAU-1 blackgran (Vigna mungo) in Maharashtra
state, India

20.47

180

30

937

Rs. 9,300 million over 3 years

19 (1983 - 1990)

14 (1983 - 1990)

78 (1983 - 1990)

20 per year

64.7 per year

TABLE IV. EXAMPLE OF RETURN ON INVESTMENT IN MUTATION RESEARCH

Location

Average yield in 1989

Average yield in 1999

Yield increase due to mutant cultivar TAU-1

Additional annual production from TAU-1

Price per ton

Additional annual income

Total expenditure on blackgram mutation research
at BARC for 10 years

Maharashtra State, India

419 kg per hectare

631 " " "

212 " " "

1,294.000 metric tonnes

Rs. 20,000

Rs. 2,588,000,000

Rs. 10,000,000
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