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Abstract

The use of mutation techniques for crop improvement in China has a long and
well-established tradition of more than 50 years. As the result of intensive research
in many institutes dealing with application of nuclear technologies more than
620 cultivars of 44 crop species have been released. Numerous mutant varieties
have been grown on a large scale bringing significant economic impact, sustain-
ing crop production and greatly contributing to increase of food production also
in stress prone areas of the country. However, there is still missing information
not only on the number of mutant varieties released in particular crop species but
also on mutagens applied, selection approaches and on the use of mutants in cross
breeding. Numerous Chinese scientists collected and systematized this informa-
tion. Results of their work were often published in local scientific journals in the
Chinese language and as such were unavailable to breeders from other countries.
Having this in mind, we requested Dr. Liu Luxiang, the Director of the Depart-
ment of Plant Mutation Breeding and Genetics, Institute for Application of Atomic
Energy, Chinese Academy of Agricultural Sciences in Beijing to help us in find-
ing as much information as possible on mutant varieties officially released in Chi-
na. The data has been collected in close collaboration with his colleagues from



various institutions all over the country and then evaluated, edited and prepared for
publication by our team responsible for the FAO/IAEA Database of Officially Released
Mutant Varieties. We would like to thank all Chinese colleagues who contributed to this list
of Chinese mutant varieties. We hope that this publication will stimulate plant breeders in
China to collect more information on released mutant varieties and especially on the use of
mutated genes in cross breeding.

INTRODUCTION

In China, the application of nuclear techniques in agricultural researches started with its
use in crop breeding in the late 1950s. The technical cooperation between Chinese research
institutions and the IAEA has contributed a lot to the spread and application of this new
technology in China, e.g. the Chinese translation of the Agency’s book Manual on Mutation
Breeding has helped many Chinese breeders master this new technique. Rice is the most
important crop in China, and the success of induced mutations in rice improvement is also
most significant. From the late 1950s to mid-1960s, numerous semidwarf mutants and mutant
varieties had been developed, which was almost parallel with the Green Revolution. But the
first significant success did not come until the mid-1970s, when the early mutant variety,
Yuanfengzao, was released. It was planted on more than 1.5 millions ha a year in the late
1970s. The success was further expanded by another mutant variety, Zhefu 802, which later
became the most widely planted conventional rice variety during 1987-1994 in China, with an
accumulative planting acreage of 10.5 million ha. The success continues with the rapid
expansion of planting area of the new mutant variety Yangdao 6 (released in 1997) and with
its high yield and superior grain quality in the new millennium. Yangdao 6 is also the male
parent of the super hybrid rice Liangyoupeijiu (Pai’ai 64s x Yangdao 6, registered in 2001),
and it is also the rice variety that was used in indica rice genome sequencing by Chinese
scientists. Till 2002, Yangdao 6 and Liangyoupeijiu had been planted accumulatively on more
than 3.5 million ha, and it is estimated that the planting area will be more than 2 million ha in
2003. In China, the success of induced mutations was not only limited to rice. From the data
we collected here, it could be seen clearly that this technique is applicable to various crops
(Table 1) and in diversified research institutions, and thus is a very powerful and economical
breeding tool.

INSTITUTIONS FOR APPLICATION OF NUCLEAR TECHNIQUES IN PLANT
BREEDING IN CHINA

In China the first research laboratory for the application of atomic energy in agriculture,
the Institute for Application of Atomic Energy (IAAE), was established in Beijing in 1957
under the auspices of the Chinese Academy of Agricultural Sciences (CAAS). Nowadays
there are more than 20 Institutes of Application of Atomic Energy (IAAE) in various
Provincial Academy of Agricultural Sciences (AAS) spread throughout the country. These
institutes are working on the application of induced mutations in breeding of main crops.



There are also many Regional Institutes for Agricultural Sciences (RIAS) located in the
different provinces, universities and smaller institutes that have a close collaboration with
AAS on the use of nuclear techniques in agriculture. (Fig. 1)

The IAAE of CAAS in Beijing has been the main co-ordinator of national research
projects on plant breeding and genetics with the use of mutation techniques since the 1980's.
The TAAE has received continuous support for these projects from both the national and
Provincial Governments through 5-year plans. IAAE of CAAS hosts the Chinese Society of
Nuclear Agricultural Sciences that also publishes Acta Agriculturae Nucleatae Sinica and the
Journal of Nuclear Agricultural Sciences, both on a bimonthly basis. Furthermore, IAAE of
CAAS organizes national workshops on different topics whenever needed.

Three networks mainly contributed to the establishing of facilities and development of
research on application of nuclear technology in plant breeding in China. They are - the
research collaboration network focusing on IAAEs of CAAS, the academic exchange network
involving the Chinese Society of Nuclear Agricultural Sciences hosted by IAAE of CAAS
and the international exchange network mainly depending on the IAEA and FNCA.

It is worth mentioning that various kinds of IAEA technical assistance and cooperation
with countries of the region have played active promotion roles in achieving mutation assisted
breeding in China.

CURRENT STATUS OF MUTATION TECHNIQUES IN CHINA
Three development periods for induced mutations in plants

The use of induced mutations in plants in China has experienced three different
developmental periods. The first was in the late 1950's and 1960's. Institutes (or Laboratories)
for Application of Atomic Energy were set up in many provinces after the establishment of
TIAAE of CAAS in 1960. National training courses on induced mutations were held and more
than three hundred trainees completed these studies. Experimental facilities for mutation
induction were built gradually and initial results in the use of mutants in breeding of such
crops as rice, wheat and soybean were obtained.

The second period, including the 1970's and 1980's, was characterized by the rapid
development of induced mutation research. Publishing, in 1981, stimulated this activity the
Chinese translation of the second edition of the “Manual on Mutation Breeding” originally
published by FAO/IAEA in 1977. The translation offered the breeder fundamental knowledge
of induced mutations and their applications in crop breeding. Experimental facilities and
equipment for induction of mutations were being continuously developed and upgraded.
Mutation induction and its use in breeding of various crops were widely carried out.
Remarkable achievements had been made in both mutant variety development and basic
research on mutation induction. The number of mutant varieties and their cultivated area



increased rapidly. The most famous ten mutant varieties, including rice, wheat, soybean,
maize, cotton, sandawang and mulberry, and their breeders won the National Invention
Awards. Numerous techniques and approaches were used for improving mutation efficiency
especially the use of hybrid seeds for mutagenesis, exploration of various mutagens,
combined mutagenic treatment and irradiation of zygotic embryos and other tissues and cells
in culture in vitro (Wang, 1995; Xu, 1996; Wen, 1999).

The third - is the steady development period from the beginning of the 1990's.
Integration of mutation techniques and biotechnology has been highlighted and opened a new
way for the use of mutagenesis. Application of mutagenesis in plant tissue culture quickly
spread in many mutation research programs and has become a very important area of plant
breeding and basic research. A new breeding possibility, which combined crosses, mutation
induction and production of doubled haploids, has been successfully proven in improvement
of numerous crop species. Using this approach 38 mutant varieties including rice (14), wheat
(14), oilseed rape (3), potato (3), barley (2), soybean (1) and maize (1) have been developed
and released since 1996. The total accumulated growing area of these varieties reached over
6.7 million hectares by the year 2000. Significant results have also been obtained from
application of molecular markers to mutant screening and identification, radiation-assisted
genetic transformation system and aerospace induced mutations for crop improvement (Liu
and Zheng, 1997).

Crop germplasm enhancement through effective use of physical or chemical mutagens

Along with the sustained quantitative increase of the total grain output in China in the
past few years, emphasis on improvement of crop quality characters has been made since
1998. Mutation induction for quality traits has become one of the most important tools in this
breeding strategy for many crops. Related research projects have been organized in the tenth
S-year plan and financed by the government.

Work already done in the past 45 years in China suggests that induced mutations are the
simplest and fastest way to create new desired genotypes and enhance crop genetic diversity.
Besides mutants with earliness and shortness, there are many other favorable mutants.
Greenable albino rice mutants W24 and W27, obtained by gamma rays treatment of seeds a
thermosensitive genic male sterile line 2177s. The leaf color of the two mutant lines is a
useful marker in eliminating contamination by selfed seeds in two-line hybrid rice. In the past
few years, eight important male sterile lines have been improved by the use of a mutated
albinotic leaf color marker that only expresses at the seedling stage. The first three young
leaves are completely albinotic, but the fourth leaf began changing into green from the leaf
base to the apex, and the leaf color converted to normal green already after the sixth leaf
development. The hybrid combination ‘Quanyou 37’ was involved in the regional test in
Zhejiang Province in 1998 and 1999 and showed a significant yield increase in comparison to
the control hybrid ‘Shanyou 10’ in both years and released in 2002 (Shu et al, 1996; Liu et al,
1996).
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A chlorophyll-reduced (Cr) seedling mutant Cr3529 was induced by fast neutrons and
diethyl sulphate from oilseed rape inbred line 3529. The chlorophyll content in leaves of
young Cr seedlings is about one half that of normal chlorophyll (Nc) seedlings, resulting in Cr
seedlings with yellow-green cotyledons and leaves. After the five-leaf stage, the chlorophyll
content of Cr seedlings increased gradually and the oldest leaves of mature plants had an
appearance closer to that of the wild type. The seedling marker could be used to determine
purity level of hybrid material at the seedling stage, but also eliminate unwanted sibs. A
cytoplasmic male sterile line, ZO1A carrying the Cr maker has been developed and used to
produce oilseed rape hybrid seeds (Zhao et al, 2000).

A new elongated-uppermost-internode (eui-/, after Rutger and Carnahan, 1981) gene,
induced by gamma rays in rice has become widely used in hybrid seed production. This was
also due to the development of an effective procedure for rapid selection of eui mutants in
hybrid’s parental lines. By seed treatment of maintainers and restorers of male sterile lines
with gamma rays, and by direct planting of seedlings in a large M, generation, the high
frequency of eui mutants has been obtained. In this method, it only took four planting seasons
(within two years) to transform a common sterile line (A-line) to a eui sterile line (eA-line)
and two planting seasons (one year) to transform a common restorer line (R-line) to a eui
restorer (eR-line). This method has gained the patent of technological invention in China.
Also, a new eui allelic gene was found and named eui-2. It would be possible to use the eui
gene to upgrade the seed production of both hybrids and male sterile lines (Yang, 1999).

The large amount of obtained mutants enriched plant genetic resources and has become
a precious material in cross and heterosis breeding. Two thousand samples of 24 plant species
mutants with various characters have been collected and catalogued. Some of them have been
used in breeding programs and achieved remarkable success. For example, by the use of the
peanut mutant ‘Fushi’ as the parent in cross breeding, series of ten ‘Yueyou’ varieties have
been developed which reached the accumulated growing areas of more than four million
hectares. At present, most of the fine peanut varieties planted in Guangdong and South China
provinces have a certain affinity relationship with the mutant Fushi. This mutation plays an
important role in peanut production in South China and achieved remarkable economic, social
and ecological benefit (Cheng, personal communication).

Economic impact of mutant varieties

After 45 years of research and applications, mutation techniques have become one of the
most fruitful and widely used methods for crop improvement, and have played an important
role in crops, especially in food crop production in China. The total maxmium area per year
for cultivation of mutant varities was over 9 million hectars, which accounted for about 1/10
of the total planting area for relevant species in the past 20 years in China. Here are two
examples of very successful mutant varities in China.

The Institute of Nuclear Agricultural Sciences, Zhejiang Agricultural University in 1981,
released Rice mutant variety ‘Zhefu 802°. This institute officially released twelve other
mutant varieties between 1962 and 1995. The Zhefu mutant varieties were widely planted in six
provinces, and the cumulative area under these varieties reached 14 million ha in 1995. The
mutant variety Zhefu 802, was induced by gamma rays in ‘Simei No. 2’ — also a mutant variety.
Zetu 802 was the most extensively planted conventional rice variety between 1986 and 1994 in
China; its cumulative planted area reached 10.6 million ha (Shu et al., 1997). The variety ‘Zhefu
802’ has numerous desired traits: short growing period (bellow 110 days), high yield potential



even under poor management, wide adaptability, high resistance to rice blast and tolerance to
cold (Fig. 2).

ACCUMULATIVE TOTAL -10 million ha
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Figure 2. Cultivation area of rice mutant variety Zhefu 802

Wheat mutant variety Yangmai 158 was developed by Lixiahe Regional Institute of
Agricultural Sciences of Jiangsu province through gamma rays treatment of hybrid seeds and
released in 1993. The cultivation area per year has been over 1.33 million hectares since 1997,
and its total accumulated planting area has run out at 9 million hectares by the end of 2001.
This variety represents an important progress in wheat breeding for both lower and middle
reaches of the Yangtse River in the 1990's, and has become one of the most widely cultivated
wheat varieties in China (Fig. 3).
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Figure 3. Cultivation area of wheat mutant variety Yangmai 158

STATISTICS

The total number of mutant varieties and mutant derived varieties officially registered in
the FAO/IAEA Mutant Varieties Database before the end of 2001 is 2276. This number is still
increasing due to the kind collaboration of the counterparts from various countries all over the
world. The total number of mutant varieties from China is 629, which includes 44 crops and
ornamental species.

Out of these 629 varieties 562 are crop varieties and the remaining 67 cover ornamentals
and decorative plants, like chrysanthemums and roses. From the 562 crop varieties 534 are
seed propagated crops and 28 varieties belong to the vegetatively propagated crops
(Maluszynski et al. 2000). The popularization and utilization of all mutant varieties has made
important contribution to China’s food production and social and economic development.
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Table 1. Number of officially released mutant cultivars in different species in China

Latin name

Common name

Number of mutant cultivars

Allium macrostemon

Arachis hypogaea

Astragalus huangheensis

Beta vulgaris
Boehmeria nivea
Bougainvillea sp.
Brassica napus
Brassica pekinensi.
Camelia sinensis
Canna indica
Chrysanthemum sp.
Citrullus lanatus.
Citrus sp.
Colocasia esculenta
Corchorus capsularis
Coronilla varia
Cucumis sativus
Dabhlia sp.

Glycine max
Gossypium sp.
Helianthus annuus
Hordeum vulgare
Ipomoea batatas

Linum usitatissimum

Lycopersicon esculentum

Malus sp.
Medicago sativa.
Morus alba.
Nelumbo nucifera
Oryza sativa
Phaseolus vulgaris
Pisum sativum
Prunus persica
Pyrus communis
Raphanus sativus

Rosa sp.

Chinese garlic
groundnut
shadawang
sugar beet
white ramie
bougainvillea
rapeseed
Chinese cabbage
tea

canna lilies
chrysanthemum
watermelon
orange/mandarin
taro

jute

crown vetch
cucumber
dahlia
soybean
cotton
sunflower
barley

sweet potato
flax/linseed
tomato

apple

alfalfa
mulberry
lotus

rice

common bean
pea

peach

pear

radish

rose

1

N} [\
— A o~ AN QN =~ N WO

N N = = = N

5

(@)

W N ~ = NN W kA 9 ~=

203

—_— N DN = =

35
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Latin name

Common name

Number of mutant cultivars

Saccharum officinarum
Sesamum indicum
Setaria italica

Setaria sp.

Sorghum bicolor
Triticum aestivum
Vigna angularis

Zea mays

sugarcane
sesame
foxtail millet
millet
sorghum
wheat

adsuki bean

maize

2

1

1
20
3
129

39
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