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The Workshop on Plant Mutation Breeding of FNCA (Forum for Nuclear
Cooperation in Asia), was held on 9 -13 October 2000 in Hanoi, Vietnam. The
Workshop was co-sponsored by the Science and Technology Agency (STA), the Ministry
of Science, Technology and Environment (MOSTE of Vietnam) and the Ministry of
Agriculture and Rural Development (MARD of Vietnam) in cooperation with the
Ministry of Agriculture, Forestry and Fisheries (MAFF), National Institute of
Agrobiological Resources (NIAR of Vietnam), the Japan Atomic Industrial Forum
(JAIF) and Japan Atomic Energy Research Institute (JAERI).

Two Scientists, a Project Leader and an expert on methodology for plant/crop
mutation breeding, participated from each of the member countries, i.e. China,
Indonesia, Malaysia, the Philippines, Thailand, Vietnam and Japan. Also attending the
Workshop were, one participant from Korea, seven participants from both Japan and
Vietnam. The number of the participants in the Workshop totalled about sixty people
including guests and observers. Sixteen papers including eight invited papers on the
current status of methodology for plant/crop mutation breeding in the participating
countries were presented. Discussions were focused on the subject concerning
"Effective Use of Physical/Chemical Mutagens", as well as a detailed report on the
current status of research in each participating country. In addition, the topics of
developing a mutant breeding database, an information exchange for plant/crop
mutation breeding, and more tightly bound international co-operative research in the
near future were also high on the agenda.

This proceeding compiles the invited and contributed papers that were submitted
from the speakers.

Keywords-" Mutation Breeding, Plants, Mutagens, Radiation

Troject Leader of Radiation and Radioisotopes to Agriculture,
Former Professor, the University of Tokyo
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1. Opening Address
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1.1 Prof. Dr. Hoang Van Huay
Vice Minister of Ministry of Science, Technology and Environment.

Socialist Republic of Vietnam

Ladies and Gentlemen,

On behalf of Ministry of Science, Technology and Environment of Vietnam,
I would like to present our compliments to all participants attending this
important seminar.

I would like also to express my thanks to Science and Technology Agency
(STA-Japan) and Japan Atomic Energy Research Institute (JAERI) for their
support for this seminar.

In Vietnam, during the past decade, the agronomy has known stable
development steps, particularly the food production. Among the contributions of
different fields for these results, mutation breeding occupies a worthy place.

The application of nuclear techniques in agricultural production in Vietnam
can be cited following-

- Use of isotope techniques to study plant nutrition process to utilize
economically fertilizers.

- Use of radiation techniques at low dosage for seed treatment before
sowing to stimulate germination, growth and development of plant, to
increase tolerance to pest and disease.

- Use of radiation techniques for seed preservation, protection against
germination, spoiler insects and diseases, to prevent from decreasing
of seed quality during the storage.

- Use of radiation techniques to increase mutational events, to form
primary materials for plant breeding.

In the past time, many mutant varieties were formed, released largely to
production, and highly evaluated by farmers.

Since 1995, Vietnam became member of Regional Nuclear Cooperation in
Asia. The Vietnamese scientists hope to exchange experiences with their
regional colleagues, and to receive the assistance from the association to cater to
the agricultural development.

I wish this Seminar, organized the first time in Vietnam will obtain
expected success.

Once more, I would like to extend my wishes to all participants of the
Seminar.

Thank you.
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1.2 Prof., DSc. Tran Huu Phat

The Chairman of the Vietnam Atomic Energy Commission

Distinguished Guests,

Participants,

Ladies and Gentlemen,

First of all, on behalf of the Vietnam Atomic Energy Commission (VAEC), I
warmly welcome distinguished guests and participants in this very significant
seminar. I also would like to take this opportunity to express our sincere thanks
to the Science and Technology Agency, Japan (STA), JAIF, JAERI and other
Japanese bodies concerned for their close and effective co-operation with
Vietnam in the holding of this seminar.

As you have well known that with a view to enhancing regional nuclear co-
operative activities, a new mechanism was discussed and approved at the Tenth
International Conference for Nuclear Co-operation in Asia (ICNCA) in Tokyo,
March 1999, and the ICNCA was renamed as Forum for Nuclear Co-operation in
Asia (FNCA). It is noted that the application of radiation and radioisotopes in
agriculture plays an extremely important role, hence this topic has been selected
as one of seven co-operation areas under the FNCA.

Vietnam, as an agricultural country, is fully aware that sustainable
development of the national economy and whole society is only secured on the
basis of having a firm and sensible security of food production in particular, are
top-priority issues of the country. The application of radiation and radioisotopes
in agriculture has been developed extensively and contributed significantly to
the national food security program. In Vietnam, the application of radiation and
radioisotopes in agriculture has been conducted in the following two main
directions: (1) crop mutation breeding by irradiation and (2) application of tracer
technique in the study on crop physiology and nutrition to optimize sowing and
nourishing processes. In the first direction, there has been a great deal of
researches conducted on rice, corn and legume. The most noticeable
achievements are the creation of two new rice varieties "Tai Nguyen" and "Tep
Hanh", with high yield and quality suitable for export, short time of growth,
well-adapted to many types of soil, well-resistant to pests and disease. These
two rice varieties are being developed on a large scale of over 200.000 ha in the
Mekong delta. In the second direction, a large number of researches have been
also conducted on different crops under different environmental conditions to
find out appropriate processes for cultivation, sowing, nourishing, watering and
fertilizer introduction. Systematic research has been studied on some strains of
precious mushroom, especially Linh Chi mushroom, some rice and legume
varieties. In addition, special attention is also drawn to some other research
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lines, for example the application of radiation technology in food preservation, in
the production of promoting agents and environmentally-sound preparations of
crop protection, the application of irradiation in combination with biological
techniques to produce new flower varieties.

It is hoped that this seminar will be an excellent opportunity for the
participants to exchange and share experience as well as achievements each
country has gained. Vietnam highly expresses its wish to co-operate more closely,
effectively and efficiently with all the countries under the FNCA in this field.

I wish the seminar great success.

My best wishes to all of you here today,

Enjoy your stay in Vietnam,

I now officially declare the seminar open.

Thank you very much for your attention.

- 5 -
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1.3 Workshop of FNCA Project on Agriculture Application

Dr. Sueo Machi, FNCA Coordinator of Japan,
Senior Managing Director, JAIF

Mr. Phat, Chairman, Atomic Energy Commission of Vietnam, the distinguished
delegates of FNCA countries, ladies and gentleman•"

1. First of all I thank Vietnam AEC for its excellent hosting this Workshop on
Agriculture Application of Nuclear Technique under FNCA.

2. It is a pleasure for me to visit Vietnam to participate the workshop for my
first
time. As some of you know, I had been working for the IAEA for more than 9
years as
the DDG in which capacity I visited Vietnam about 4 years ago.

3. Purpose of my visit is to exchange views with Mr. Phat, chairman of AEC
and
other government officials on the future plan of nuclear application in this
country and
also to attend this workshop.

4. As you know FNCA is a framework of cooperation among South East Asian
countries for promotion of peaceful application of nuclear energy with

participation of
9 countries, namely, Australia, China, Indonesia, Japan, Korea, Malaysia,

Philippines,
Thailand and Vietnam. After 10 year collaboration FNCA has just established

new
framework last year, which consists of three, layers, namely, Ministers Meeting
supported by senior officials meeting for policy decisions, National Coordinator
Meeting for enhancement of collaboration and efficiency, and projects leaders
meetings or workshop who are responsible for project implementation.

5. There are seven ongoing projects, agricultural application, medical
application,
research reactor utilization, radioactive waste management, safety culture, and

public
acceptance and human resource development.

All projects will be reviewed to be more efficient and to meet needs of FNCA
countries, and therefore will achieve more visible socio-economic impact in the
future.

6. At the threshold of a new millennium, we still face problems of poverty and
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hunger. Almost 800 million people in developing countries face chronic
malnutrition
and 194 million children under the age of five suffer from acute or chronic

protein and
energy deficiencies.

7. Improvement of agricultural production contributes better global food
security.
It has been proven that nuclear, application for agriculture can provide good
tool for
improving food production.

8. Mutation breeding, which is main topic of this workshop, is well recognized
to
improve crop production. According to the IAEA report during the last 5 years
alone
112 crop mutant varieties have been officially released to farmers contributing
improvement of agriculture.

9. I am confident that you will make excellent presentation and constructive
discussion for future plan of this project during the workshop. I will participate

round
table discussion where this project will be reviewed and hopefully better future

plan
should be formulated to meet needs of FNCA countries..

10. Finally I wish your useful and fruitful workshop for a week and pleasant
stay in
Vietnam.

- 7 -
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2. Outlines of Mutation Breeding Workshop
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2.1 Outlines of Country Reports

2.1.1 China

It is very important for China to create good quantity of rice as well as its quality.

In order to open up the scope and ways of using crop heterosis, it has been paid much

close attention to apply mutation techniques to hybrid breeding in recent years. In

this seminar, mutation induction of tall stalk gene and leaf color gene marker in rice

were presented. To prevent panicle enclosure and establish visible marker in male

sterile lines, recessive tall genes named eui which stood for elongated uppermost inter

node, have been induced. By the treatment of 300-350 Gy of gamma rays, four eui

lines have been obtained. Experiment results showed that the eui sterile line could

completely come into ears and the panicles, grains and stigmas all elongated,

suggesting that its potential of cross "pollination markedly increased. Most

combinations of hybrid rice with recessive eui genes showed yield increase. The

increasing range was 3-11%, which indicated that it had an excellent prospect of

production use. On the other hand, a leaf color marker has been installed into a

indica type TGMS rice varieties because the leaf color marker is easily recognized and

only expressed at seedling stage can not only guarantee the purity of the sterile lines

and hybrid seeds, but also identify the purity economically and conveniently. Also,

leaf color gene marker was induced by fast neutron or diethyl sulphate in rape seed

(Brassica napus).

As described above, it seemed that China paid much attention to develop hybrid

rice. In order to develop good quality and quantity of hybrid rice, it is more

important to improve combination of rice varieties than to create new mutant lines.

Until 1999, china has already produced 605 mutant lines of rice varieties. This is

good enough to investigate which combination is the best for hybrid rice in each

province or areas.

Therefore, China would not pay not so much attention to mutation breeding,

compared to Philippines and so on.

2.1.2 Vietnam

The report was presented by Dr. Tran Duy Quy, the Director of the host institution,

Agriculture Genetics Institute, titled "Use of Physical/Chemical Mutagens in Plant

Breeding Program in Vietnam".

In this country, the representing institution has been Agricultural Genetics

Institution, and the first participation to this seminar/workshop was in 1995 as

observer, and formal participation started from 1996. Probably due to deficiency of
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literature of science by long war in their land, their first reports had many biological

and chemical problems. But after the discussions on these problems, when they got

support from IAEA, the Technical Cooperation Project, they send out three trainees to

Japan. The representing persons had been studied biology and/or genetics in the

former USSE, but they showed very good understanding of the modern genetics.

Generally, Vietnam is still a country trying to develop, but as the last country of the

rotation of the member countries outside Japan, this Work Shop in the year of 2000

could be held in Hanoi, Vietnam.

In contrast to Malaysia and Philippines, the representing institution is of

agricultural sector and not of the nuclear/radiation research. Perhaps due to this

factor, the reports contained many chemical mutagenesis work. However, the reason

of selecting chemical mutagen seemed to be rather due to convenience to obtain and to

handle in a general laboratory set up, than scientific rationale.

In their mutation breeding work of rice, soybean, maize, tomato, Phaseolus bean

and jujube fruit, gamma rays and neutrons were used as physical mutagens and six

chemical agents were employed, resulting 44 promising mutant lines, some already

being released. Probably because the report included previous experiments, diethyl

sulfate (dES) was judged less effective than radiation. However, younger researchers

seemed to make efforts in searching abroad literatures, and information insufficiency

about these "super mutagens" will be corrected in near future.

Nevertheless of such chemical and genetic problems, mutation breeding work

resulted successfully in several mutant cultivars. In rice, by double mutagen

treatments with gamma irradiation and nitrosoethyl urea (NEU), "DT10" was

selected, registered and released in 1990. This line was superior over the original

line by cold tolerance, drought tolerance and disease resistance, beside higher yield.

The same double treatments yielded another mutant cultivar, "DTll". "A20" was

selected after nitrosomethyl urea (NMU) treatment. Recent trend of rice mutation

breeding here was said to be in improvement of agronomic traits in their landraces,

intending to develop better cultivar for exporting.

In other crops, "DT6" and "DT8" of maize were developed after chemical mutagen

treatment (NEU and NMU). The reason is not elucidated yet, but maize does not

give good viable mutant after irradiation treatment, but chemical mutagen has

produced promising mutants. In that meaning, the report of the host country was

appropriate to the theme of the present Workshop.

One thing to be noted was the fact that in the references of the report they quoted

many papers reported in this series of the FNCA Workshop. As a scientific paper,

- 1 2 -
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these kind of references is still insufficient, but it indicated the importance of the

activities of "mutation breeding in agriculture group" in this country.

Usually, the hosting country presents invited lectures. It is a good occasion for

them to present their work in an international meeting, and for the foreign

participants, it is a good occasion to learn the activities in the country. In Vietnam,

such invited paper amounted to nine reports at first. After some changes, the final

number still amounted to seven, still exceptionally high. Papers were abstracted as

follows:

1) "The use of induced mutation combined with crossing in high quality rice

breeding" AGI and Hanoi No.l. Teacher Training Univ. (five authors).

In collaboration with AGI researchers, procedure of development of "DT17" and

"DT21" mutant cultivars and the detailed data was reported.

2) "Improvement of traditional local rice varieties through induced mutations

using nuclear techniques" Cuu Long Delta Rice Research Institute (two authors).

Vietnam extends from northern Hanoi region to southern Ho-Chi'Ming region.

The report was made by the rice breeding institution located 80 km south-west of

Ho-Chi-Ming city. The region is under ever tropical climate, compared to the north

where four seasons can be observed. The reported mutant cultivar "TNDB-100"

was the example adapted to such ever summer climate.

3) "Rice improvement through radiation-induced mutation for cultivation in

south Vietnam" Inst. Agric. Sci. South Vietnam (four authors). Mutant cultivar

"VND95-19", which is also well adapted to the southern Vietnam with improved

lodging resistance, and related mutant lines were also reported with many data.

4) "Induction of mutation on mulberry (Morus alba L.) by using in vitro

techniques in combination with gamma irradiation". Nucl. Res. Inst. (Dalat) (one

author). The institute is located in the southern highland. Report was on the

mulberry mutation Work, but it seemed to be still in the initial stage, although

many leaf shape mutant obtained suggested good out put in near future.

5) "Twenty year results on application of induced mutation in soybean (Glycine

max (L.) Merr.) breeding at Agricultural Genetics Institute (AGI), Hanoi, Vietnam"

AGI (five authors). In the northern Vietnam, soybean is a major and important

crop together with rice and maize. The paper reported developed soybean mutant
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cultivar "DT-84" and five others.

6) "Study of effects of gamma rays and DES inducing mutations on black bean

"Phaseolus vulgarid' Nucl. Res. Inst. (Dalat) (four authors) This was a case study

of legume mutation breeding on a black seed bean introduced from Mexico.

Gamma irradiation and chemical mutagen (DES) was used. Their experiments

Seemed to progress as expected, but there was problems in the description of the

dosage, both in gamma ray and concentration of the chemical mutagen, that was

perhaps ten times larger. It seemed just a mistake in the information, but

fundamental knowledge of the researcher should be improved.

7) "Mapping of a rice thermosensitive genie male sterility gene from a TGMS

mutant line" AGI (four authors) and Texas Tech. Univ. (USA) (one author) This

was the only paper studying with the molecular methodology. Altough the paper

was co-authored with one in the USA, the laboratory at the AGI seemed to be good

enough to make very specific biochemistry work. This temperature sensitive male

sterile mutant of rice was selected in Vietnam by instruction from a Japanese

visiting expert, Dr. Kiyoaki Maruyama, who first reported such mutant in Japan.

2.1.3 The Philippines.

In this country, besides the channel institution of Philippines Nuclear Research

Institute (PNRI), the national institution, Philippine Rice Research Institute

(PhilRice), located about 100 km north, and International Rice Research Institute

(IRRI), located about 100 km south, are actively working in rice mutation

breeding/research. Near the IRRI, the University of Philippines and the related

institutions are located, arid among them the Institution of Plant Breeding has been

suggested to be the possible site of Mutant Stock Repository for the non-rice seeds.

The reporting was made by Mr. A. B. Asencion of PNRI, titled "Utilization of Induced

Mutation Techniques in Rice Improvement".

In this country, the major target crop reported at the Work Shop were rice. In their

work, two trends were observed, one is the further improvement of IRRI lines, e.g.

IR-8 and IR-52, to make them acceptable for domestic condition, including consumers

preference, the other was the improvement of local cultivars like Milagrosa. In the

presentation, Sigadis-Milagrosa was reported into detail. In PNRI, the experimental

paddy field is too small to plant M2 population, but the collaborating PhilRice

cooperate very well.

Also in this country, for the channel institution, PNRI, irradiation work is their
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mandate and as a results, chemical mutagens were not so much in their work,

although the researcher agreed the importance of them.

Report from this country extended into widening of semidwarf mutant gene known

as sdl which is carried in IR-8 or Dee-Geo-Woo-Gen, and even into apomixis to fix the

excellent genotype of hybrid rice etc. In their history of mutation breeding there

were two cases of neutron irradiation, but it is a pity that their research reactor in the

PNRI is presently inactive for years.

It should be noticed that the third proposal of Bench-side Mutation Breeding

Manual, after Mutation Breeding Database and Mutant Stock Repository, has been

proposed from this country and presently the representative, Dr. F. Medina III, agreed

to be the person in charge.

2.1.4 Korea

Sesame in Korea has been growing the fourth big acreage crop in the order of rice,

soybean, and hot pepper. In this seminar, seven commercially recommending

mutant cultivars of sesame were compared on their quantitative and qualitative

characteristics depending upon passport data published on the "Committee New

Recommending Cultivars on the Crops" under the authority of RDA by different

mutagen sources of radiation and chemical.

There were effects of two direction of one for elongation height induced by X- and

gamma-ray irradiation in "Ahnsankkae" and "Sungboonkkae" variety, respectively

with taller than that of mother lines, "Early Russian" and "Hansumkkae". The other

for shortening height induced mutation by sodium azide (NaN3) was dwarf mutant of

"Suwon 128", compared to tall mother "Danbaeckkae". Number of branches per

plant seemed to be moving toward increase in chemical, but decrease in radiation.

Phytophthora blight tolerance was generally improved by both X-ray irradiation and

NaN3 treatment. Other characteristics also investigated, and some differences has

been observed in growth, dwarfness, and yield.

Thus, it was clearly shown the differences of varieties in detail induced by chemical

and physical mutagen in sesame. However, it was not elucidated which mutagen

would be better for and what is the most important object for the future sesame

breeding.

2.1.5 Indonesia

Main efforts have been directed towards detecting more effective mutagen

treatments in Indonesia. Most research on the use of gamma-rays for crop
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improvement are carried out at the Center for Research and Development of Isotopes

and Radiation Technology, National Nuclear Energy Agency (BATAN). At the plant

breeding section of this center, much progress has been achieved in term of facilities

set-up, manpower and expertise development. Mutation breeding activities using

gamma rays was started in rice in 1972, initially in attempts to improve the protein

content of rice grain. In this seminar, different crop species had been studied in their

responses to mutagenic agents with various dose treatments. These crop species

included rice, soybean, mungbean, sorghum, peanut, spinach, banana, onions etc.

The treatments with chemical mutagens were represented by Ethylmethanesulfonate

(EMS) and those of physical mutagens were represented by gamma irradiation

(Cobalt-60).

In the case of mutation induction of rice, gamma rays seem to be more effective to

induce mutations in PB-5 variety than that of Syntha variety. EMS treatments on

PB-5, on the other hand, gave less number of selected M2 plants compared with that

on Syntha. Further evaluations of these selected M2 plants for the protein content in

the next generations, however, gave no promising mutant lines for being submitted for

release as a new variety. The effective use of chemical and physical mutagens in

inducing mutations was also studied in spinach in 1989. Observed phenotypic

mutations in the M2 in forms of chlorosis, albino, modified pigment etc. were observed

and their frequencies were recorded. Statistical analysis in these data found that the

two varieties of spinach (Maxi and Kakap) gave significantly different responses to

the mutagenic treatments. In general, mutation frequencies were more affected by

the varieties than mutagens. Beside in rice and spinach, studies on the effective use of

chemical and physical mutagens were also done in other crops including soybean,

mungbean, sorghum etc. None of the mutant variety for any crop species is resulted

from induced mutations using chemical mutagen until now. Thus, the use of chemical

mutagens have been very limited and now it tends to be abandoned in Indonesia,

because of its unpractical procedures working with it and less effective and less

efficient results. Since 1990, many works in mutation breeding were mainly done

with gamma rays as a source for inducing crop genetic variability. These mutant

varieties included 6 varieties for rice, 3 for soybean, and 1 for mungbean.

2.1.6 Thailand

The paper was reported by Mr. Watchara Pururivirojkul of Pathumthani Rice

Research Center (RRI), titled "Progress of Mutation Breeding in Rice in Thailand".

The presenter was from Rice Research Center located in Pathumtani, near Bangkok.
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This research institution has accepted to be one of the storage facility for Mutant

Stock Repository (MSR). It has a large cold storage for rice seeds.

The history of mutation breeding in this country started in 1955, when two local

cultivar of Thai rice had been sent to Brookhaven National Laboratory in USA. In

1961, a gamma irradiation facility was established in Kasetsart University, but no

significant results had been obtained for a while. Through the efforts of IAEA

experts from India and Japan (Dr. Takeshi KAWAI) chemical mutagens, ethyl

methanesulfonate (EMS) and ethylene imine (El) were introduced.

In 1977, the first waxy mutant rice cultivar "RD6" was developed and released. It

was developed from non-waxy landrace "Khao Dawk Mali 105 by irradiation. This

new mutant cultivar was more blast resistant than the original landrace. It is still

planted in the nortlreast hilly region, where waxy rice is preferred. This new

mutant cultivar still maintained the original characters of day length sensitivity,

drought tolerance and flavor of the cooked rice.

Following this success, "RD15" which maintained the same non-waxyness but with

improvements in 10 days early and semi'dwarfness, was released in 1978. In 1981,

"RD10" was released as the first day-length insensitive mutant cultivar induced by

fast neutron irradiation. This line was developed from non-waxy type RDl, but is a

waxy mutant line.

For these successful work, irradiations had been done in either in Kasetsart

University or Office of Atomic Energy for Peace (OAEP), and selection of mutant and

breeding work were carried out in RRI. The other example which reported in this

Work Shop, was an experiments about "Pathumtani 60", where multiple breeding

targets were sought, i.e., day-length insensitive for year around cultivation, disease

resistance, semi-dwarf for better response to fertilizer. Effective gamma ray dosage

reported was 300Gy, that is higher than usual japonica cultivars, perhaps due to the

radiation resistance in indica cultivars. In the selection procedure, Ml and M2

generation was handles as bulk population and progeny lines were separated in M3

generation. This is acceptable, but mutant selection might be better done in M2

generation. More information exchanges might be necessary between geneticists

and breeders.

In the world, there are several cultivars preferred by its flavor of cooked rice, e.g.

Basmati 370. In Thailand, their local but also famous flavor-type cultivar Pra Doo

Daeng was tried to be improved by mutation breeding.

In the other example, further multiple breeding targets were set, e.g. blast

resistance, insect resistance etc. All rice blast resistant genes so far known are
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dominant genes which is difficult or theoretically almost impossible to obtain by

mutation techniques. Further discussions like this occasion of Mutation Breeding

Workshop will be needed to give more information to such active breeder as them.

2.1.7 Malaysia

Report was presented by Dr. A. R. Harun of Malaysian Institute of Nuclear

Technology (MINT), titled as "Effective use of physical and chemical mutagens in

Malaysia" . Malaysia covers both Malay peninsula, part of Borneo island and islands

in the vicinity. Its major agricultural crops are plantation crops like rubber trees, oil

palms, banana etc. Mutation work using radiation initiated in 1967 by experiment

in the Rubber-tree Research Institute of Malaysia (RRIM), using X-rays intending to

obtain dwarfism and disease resistance. But mutation breeding of these perennial

plant was much more difficult than rice, barley and other seed crops. However,

cross-breeding of these plantation crops are far more difficult to do. Therefore, their

trials are still continued by introduction of gamma-irradiation facilities and accepting

the use of powerful chemical mutagens (EMS) in their work.

Although the successful output amounted, besides food crops, to 30 promising

mutant lines including ornamental flowers which is important for Malaysia. Use of

chemical mutagens were not so much. This might be partly due to the difficulty of

application of these chemical agents, and partly due to the promoting institution,

MINT, which is specialized in nuclear/radiation research. But mutation research in

general is still very much promoted by this institution in rice, legumes, and other

fruits and flowers that is expected to be exported.

As for the research organizations, following the pioneering of RRIM, Malaysian

National University (UKM) and Atomic Energy Research Center (PUSPATI) started

the work. Especially, from 1984, a new mutation breeding program has started with

establishment of various irradiation facilities. Irradiation services by the national

institution promoted the general activities of breeders and private establishments.

Various promising mutant lines has been obtained already.

Following irradiation facilities were reported :

UKM Gamma cell 220 (by AEC Canada).

MINT

1) Atomic reactor Triga MKII

2) Two Gamma cells with irradiating cavity of 16cm diameter and 21cm height.

3) Sinagama for sterility work may be also used for large size samples.

4) Eldorado 8 Teletherapy may be used for low dose rate irradiation e.g. 0.1
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Gy/min.

5) Gamma greenhouse (planned to be established in 2003).

In Malaysia, MINT is the major channel for this kind of work, and radiation work

data seemed to be well collected. In the presentation, for recent six years 240

irradiations were made extending to 50 plant species and 15 clients. Characteristic

feature of this country may be the facts that seed material irradiation amounted only

to 45, while those of cuttings and twigs for grafting were amounted to 195,

representing the agricultural specialty in Malaysia.

One thing to be noted was that the seedless and triploid banana mutant cultivar

"Novaria", which has been developed by the late Dr. Frantisek Novak of IAEA,

Seibersdorf Laboratory, has been first released in this country.

2.1.8 Japan

During the recent decade, the gamma field, chronic irradiation facility have

successively produced numbers of useful mutant varieties of which Japanese pear

varieties, "Gold Nijisseiki" and "Osa Nijisseiki" had been selected as resistant

mutants against serious black spot disease and successfully released in the fruit

growing districts in Japan.

It has already passed 30 years to recognize the hidden values of gamma field, since

biotechnology was introduced into the field of radiation breeding. The combined

method of radiation with tissue and cell culture techniques was proved to be

extremely efficient for mutation induction and confirmed to solve the problems in the

mutation breeding. By using the combined method, useful mutant varieties have been

selected at high frequency from the limited population regenerated from in vitro

culture of chronic irradiated plants.

There still remain the problems to be solved on radiation breeding.

1) To increase the frequency of useful mutation.

2) To broaden the spectrum of mutation.

3) To control the direction of desired mutation.

The purpose of the report is to clarify the effects of chronic irradiation using in vitro

culture on inducing the mutation of two model plants, chrysanthemum and

sugarcane.

Culture technique combined with irradiation can overcome the problem of chimera

formation and provided 10 times greater mutation efficiency than conventional

method. A somaclonal variation often occurred on regenerators from callus, however,

none of significant variation was appeared from callus regenerators in both crops.
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Therefore, proper mutagenic treatment using cultured materials is indispensable to

effective mutation induction.

The chronic culture method showed the widest color spectrum in chrysanthemum

and extended quantitative characteristics of regenerated clonal lines of sugarcane

toward not only the negative but positive direction. However, the acute culture

methods indicated a relatively low mutation rate and a very limited flower color

spectrum in chrysanthemum, and showed lower quantitative mutation as the

irradiation dose rose in sugarcane.

Flower color mutation of the regenerators could be induced more from petals and

buds than from leaves. These facts are supposed that the gene loci fully expressed on

floral organs may be unstable for mutation by mutagenesis or culture. It may be likely

to control a direction of desired mutation on using explants with specific gene loci

activated.

One possible reason why the chronic culture methods showed higher frequencies is

that most of the cells composing the tissue and organs continually irradiated into a

cell division which was highly sensitive and more mutable to irradiation. Under these

conditions, many mutated sectors may accumulate in the cells of the growing organs.

In contrast, when the explants composed of various cell stages were irradiated at high

doses and dose rates, the dormant cells, less sensitive to radiation, could survive, but

the more sensitive dividing cells were inactivated.

In acute irradiation, regenerated mutant lines show remarkable decrease of

chromosome numbers in sugarcane mutant lines as the irradiation dose rose. There is

close positive correlation between chromosome number and biomass of each mutant

line. In chronic irradiation, regenerated mutant lines indicate generally little decrease

in chromosome number and wider variations with relatively less damage. The

chromosome number estimation on mutant lines is a proper indicator to monitor

damage of adopted irradiation methods.

In conclusion, every cell in the growing plants under chronic irradiation is

irradiated during the cell division process which is generally the most sensitive and

critical phase for mutagenesis. Higher mutation frequencies among the subclones may

be assumed to originate from one or few cells in which mutation have occurred during

the cell division due to long chronic irradiation. Then, the tissue culture technique

combined with chronic irradiation is an effective means to multiply mutated cells to

regenerated mutants.

In this study, the six flower color mutant varieties registered were derived from

chronic irradiation in chrysanthemum. The combined method of chronic irradiation
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with organ cultures is seemed to solve the problems on radiation breeding! to increase

the frequency of useful mutation, to broaden the spectrum of mutation and possibly to

control the direction of desired mutation. Therefore, the method proved to be of

particularly great practical use in mutation breeding for not only flower species but

any other species.

2.2 Summary of Round Table Discussion

2.2.1 Round Table Discussion-1

"Mutation Breeding Database and MSR System"

In this session, the following 3 topics were reported and discussed.

1) Mutation Breeding Database

2) Mutant Stock Repository

3) Manual for mutation breeding techniques

1) Mutation Breeding Database

Dr. S. Nagatomi of National Institute of Agrobiological Resources, Japan

introduced the FNCA activity on Mutation Breeding Database. The database of

plant mutation has been built and the brochure "Outline of the Database on Plant

Mutation Breeding" prepared by China and Japan was opened in FNCA homepage

(AsiaNNet). As the database will be regularly updated for integrating information

on researchers, facilities and results in each country, the developing of database and

expanding the information exchange systems were discussed. All the member

countries use Microsoft Windows 95 or 98. However, the database was prepared

using Access 2 (DOS-V) and was required to upgrade to Windows System. The

participants agreed to distribute the database of 2000 by CD-ROM or attach to

e-mail file. To use the AsiaNNet for the distribution of database, further study on

its handling is required because the database contains individual information

related to the privacy and Intellectual Priority Right (IPR).

2) Mutant Stock Repository

Prof. E. Amano of Fukui Prefectural University, Japan reported the status of

Mutant Stock Repository. The documents were already distributed to all the

participating countries by printing and floppydisc. The positive consensus was

obtained from the participants of its importance as analytical standard and the

following system was agreed:

(l) Where to send the sample!
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MB project leader of Philippines and Thailand.

0.5 to 1 kg healthy dry seed sample per line to each repository.

Form [99A] (Passport Data Format for mutant stock repository) should be

attached to each sample.

(2) How to request the sample;

Only 20 grains (one unit) or so may be distributed to be proliferated by recipient.

Form [00A] (Request Form to obtain mutant stock) should be used for each

sample to be requested.

(3) Seeds other than rice,'

Presently only rice seeds may be accepted in the Philippines and Thailand

facilities. Candidates should be recruited further. Korea and the Philippines

volunteered to search for possible sites.

It was also suggested to collaborate with IAEA/RCA Gene Plasma Network.

3) Manual for mutation breeding techniques

Dr. F. I. S. Medina IE, Philippine Nuclear Research Institute, presented his idea

for publishing the laboratory manual for mutation breeding techniques. The

editing policy and the form of the publication was discussed. The participants

agreed to publish the manual and suggested that it should be a very practical

manual and should serve as laboratorybenclrside-handbook, and not the text book

for education. It was suggested to include the experience such as cut flower in

Thailand and Malaysia. It was also agreed to add the dosimetry data and necessary

chemicals. The entries in the manual will be sent to the Philippine for collation

and editing.

2.2.2 Round Table Discussion-2

At the Round Table Discussion-2, titled "How to Promote Further the Regional

Cooperation in the Field of Application of Plant Mutation Breeding by Radiation", Dr.

Sueo Machi, FNCA Coordinator of Japan, made a keynote address, and preliminary

discussions were made. About this presentation/proposal, questionnaire was issued

to collect literal reply from member countries.

This series of seminar/workshop reached to the seventh country in the rotation of

eight member countries, almost completing one of the purpose, dissemination of

related knowledge to local breeders. In his keynote address, he raised some

questions and requested to consider the next step of this series of meetings regarding
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agricultural use of nuclear technologies.

Inside the breeders meeting, general agreement could be made about the long period

of time necessary to develop a single mutant cultivar, and importance of the

dissemination of necessary knowledge. However, from other point of view,

collaborative team work on certain project item, that may be completed in relatively

short period, looks to be more appropriate. Dr. Machi presented one example in the

field of agriculture. In IAEA, so called bio-fertilizer, Rhizobium micro-organism,

which will supply nitrogen component by fixing it from the air, has been one of the

topic sought in many countries. Also he suggested that, in Japan side, a few projects

organized by some countries would be accepted in the frame of FNCA.

At the Round Table Discussions, priority of crop mutation breeding in each country

was asked and following comments were orally presented-

China Cereals (rice) but no additional comment.

Indonesia Gamma-ray work (rice, soy, mung-bean, peanut, sorghum,

banana,'flowers etc)

Neutrons (rice, soy and mung-bean)

EMS (rice, soy- and mung-bean, spinach)

Korea Biofertilizer may be difficult to practice due to environmental

draw-backs.

Malaysia Arboreal crops (rubber, coffee, cashew)

Biofertilizer may be an interesting topic, but more interest in

detection of irradiated foods

The Philippines Cereals (rice)

Legumes (soy, mung-bean, peanut, cowpea, chick-pea, string

bean etc)

Industrial (coco-palm, sesame, cacao, coffee, oil-palm, sugarcane

etc)

Root crops (sweetpotato, cassava, yam, taro)

Horticultural (banana, papaya etc)

Ornamental (cut flowers, foliages etc)

Thailand Fruits (dulian, mango, longan, lansat, pomelo, coconut)

Vegetables (onion, garlic)

Ornamental crops (orchids, Anthrium, Kwkuma, and

Chrysanthem um)

Legume (soybean (presently imported))

Vietnam National food security is the major requirement.
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Cereals (high quality in rice etc. disease and pest resistance)

Vegetables (tomato and cabbage)

Fruits (longan, leichee, mango, papaya, banana, to widen genetic

variability)

The oral reply should be understood as that many perennial crops, which need much

longer time and more scientific information, have been and will be the major target

crops.

Written replies submitted in replying the questionnaire are abstracted below •'

China

Korea

Indonesia

Malaysia

Information exchange is an important component.

In the bilateral collaboration, more emphasis should be placed in

the two sides collaboration, so that they can get more domestic

financial support.

As for the priority crop in the coming years will be polyploid crops

(wheat; orchids and palm trees) and out-crossing crops (maize

and melons).

Priority crops are sesame, rice, barley, soybean, peanut,

medicinal

crops, flowers fruits etc. The problem may be lack of continuous

concern for mutation breeding. As a future plan, besides the

ongoing MB database, MSR and Bench side Manual, further

collaboration in personal exchange program e.g. expert

consultation, fellowship training and research coordination

program etc. should be considered.

To attain the idea, each participating country also should

consider financial participation.

Within the agricultural sector, first priority should be given to

mutation breeding.

Basically agreed to Dr. Machi's proposals, but further discussions

should be made, and the linkage between participating countries

and Japanese government should be well defined.

The priority crops for mutation breeding are rice and sorghum.

Higher yield for self sufficiency and acid soil tolerance are the

major target traits in these crops.

In the agricultural sector, priority crops were divided into four

groups and mutation breeding will be used to improve their
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The Philippines

Thailand

Vietnam

traits. Major target crops are rice orchids chrysanthemums,

roses,, mangosteen banana, roselle etc.

Dr. Machi's presentation should be taken into account.

Priority crops are rice, sugar cane, root crops, and vegetables.

Principally they agreed the proposal of cooperative research

project on specific crops. However, to obtain financial allowance

to do the research, agreement at governmental level is important

for this kind of biVmultrlateral cooperation. Priority crops are

rice (yield and cooking quality, tolerance to biotic and abiotic

stresses), soybean (yield, tolerance to disease and pest, and

adaptability to climate), orchids (insect tolerance, requirement of

market demands), mangosteen and citrus (yield, dwarfness,

seedlessness).

High quality (especially in rice) and tolerance/resistance to biotic

and abiotic stresses are the major requirements in the

agricultural sector.

Priority crops are cereals (rice and maize), root crops (sweet

potato, cassava), legumes (soybean and mungbean), fruits

(longan, litchi, lemons, cashew, papaya, banana), vegetables

(tomato and cabbage), ornamentals (orchids and

chrysanthemum), and mushrooms (edible and medicinal).

Microorganisms for biofertilizer should be considered as effective

fertilizer.

In the present discussions and questionnaire, the participants being all crop plant

breeders using mutation techniques, it might be natural consequence that the

majority of opinions were in favor of continuation of mutation breeding. Crop species

were widely mentioned suggesting some characteristics in the region. Tropical fruits

were difficult materials due to insufficient genetic information. Ornamental plants

are important in this region as exporting items, but also very difficult crops. To work

on these difficulties, not by years but by decades will be the periods necessary for the

research and promising output. These were the reasons of continuation of

information exchange through seminars/workshops. Further detailed discussions

are necessary for this problem.
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2.2.3 Round table discussion-3

Conclusion and general discussion have been performed in this session. Especially

discussions were carried out about several items as follows:

1) mutation breeding database

2) mutant stock repository

3) mutation breeding manual

4) general discussion on research cooperation.

In the mutation breeding database, Dr. Nagatomi asked the revision of the database,

and therefore, asked for the revisions through e-mails by December, 2000.

In the Mutant stock repository, Dr. Amano explained the necessity of this repository

system, and asked that other than the case of rice, countries of candidates should be

surveyed for the repository of soybean and so on. In answer to whether not only

mutants but also varieties should be included in this repository or not, it was

indicated that as this repository was constructed for the purpose of the genetic

analysis of crops, varieties of the crop should be included in the mutant stocks.

About the mutation breeding manual, it was questioned why the manual was

divided by the methods, but not by the sorts of crops. Dr. Medina answered that a

manual divided by crops would be a very practical one opposed to manual by methods,

therefore it would quite depends on everyone's contribution on the mutation breeding

manual whether the manual would become divided by methods or by crops.

In the general discussion, several opinions about Dr. Machi's proposal were made.

Korea, Philippines and Malaysia commonly made a few remarks that Dr. Machi's

proposal was generally acceptable although some projects were too early, therefore,

the members should discuss more in detail in the next meeting. Also, Dr. Kang

asked that as members did not visit Japan, the workshop could be held in JAERI in

2002. Against this request, Dr. Medina responded that China already wanted to

have the meeting in China in 2002, therefore, the possibility remained to be held in

Japan in 2003. Dr.Kang agree with this opinion and asked that the workshop in

2003 should conclude their mutation programs of the decade. After this remark,

several discussions have been carried out and it was suggested that every country

would present its accomplishment of mutation breeding in the workshop in 2003.

2.3 Technical visit

We visited institute of agricultural genetics (AGI), Hanoi irradiation centre

(institute for nuclear sciences and technology), Rice selection station, and vegetable

market at Halong bay.
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2.3.1 AGI

This institute was established for the research and application of modern genetic

methods and biotechnology for selection and creation of new crop varieties with high

yield, good quality, resistance to pest and diseases and tolerance to environmental

stresses. Especially molecular cloning and marker studies was progressed for the

male sterile genes in rice. Also creating good lines for hybrids were tested for many

kinds of combinations. In the tissue culture, anther culture of maize and rice were

carried out other than general tissue cultures of sugar cane, rice, and banana.

Mushrooms were also cultivated in a commercial base.

2.3.2 Hanoi irradiation centre

This facility is being used as a multipurpose for several applications and research

activities as follows^ Sterilization of medical products such as surgical gloves, syringes

and so on., Processing of materials such as modification of polymers or changing color

of glasses, radiation treatment for prolonging the self'life of onions, potatoes, and

fresh fruits, development of dosimetry systems for radiation study.

2.3.3 Rice selection station

Many kinds of rice have been investigated for the quality and quantity. Especially

salt'tolerance was tested because rice field was close to sea shore and contained little

salt (about 0.06%). Famous rice mutant varieties such as CMl were cultivated here,

and became national varieties.

2.3.4 Vegetable market at Halong bay

We visited a vegetable market near Halong bay. It was adjacent to railroad station.

Solders and farmers stopped to buy something at the market. There were so many

vegetables as follows: lettus, Welsh onion, beefsteak plant, tamarind, garlic, a kind of

turmeric, red potato, wax gourd, bean sprouts, round and small tomato, and a kind of

bad-smelling perennial plant of the family Saururaceae, etc. Near this market, a rice

store mainly sold hybrid rices which are small but long grains. In Vietnam, some

rices are now imported from China and then cultivated. In the near future, Vietnam

will politically shift to the full utilisation of hybrid rice. Therefore, it is very important

for Vietnam to improve its own varieties for the hybrids, not to import from other

country.
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3. Results of Present Activities and Future Plan

on Regional Cooperation in Agriculture under

FNCA Program
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3.1 General Report

According to the agreement of the first Coordinators Meeting held in March 7-9,

2000 in Tokyo, the Workshop on Methodology for Plant Mutation Breeding: Effective

Use of Physical/Chemical Mutagens was held in Hanoi, Vietnam, during October 9-13,

2000. This workshop was jointly supported by the Science and Technology Agency

(STA) of Japan, the Ministry of Science, Technology and Environment (MOSTE). The

Ministry of Agriculture and Rural Development (MARD) as a local host and the

organizer with the cooperation of the Ministry of Agriculture, the Japan Atomic

Industrial Forum (JAIF) and Japan Atomic Energy Research Institute (JAERl) as the

coordinator.

In the workshop, two participants, a project leader and an expert on methodology for

plant/crop mutation breeding from each of the participating countries i.e. China,

Indonesia, Malaysia, the Phillippines and Thailand. A participant from Republic of

Korea, nine participants from Japan and nine participants from Vietnam including a

project leader, a keynote speaker, and seven invited speakers also attended.

The number of the participants in the workshop totaled about sixty people including

the guests and observers. Total of sixteen papers including eight invited papers on the

current status of methodology for plant/crop mutation breeding in the participating

countries were presented and discussed. All the participants had the opportunity to

discuss and exchange opinions and their experiences on related subject, which each

country was facing and seeking solutions.

At the Round Table Discussion on the second and the last day of the workshop,

Coordinator of Japan proposed future plan in Agriculture including mutation

breeding under FNCA future works. Discussions were made to further regional

cooperation, to review and discuss the results of past activities.

Opinion were exchanged among the participants mainly how to organize further the

regional cooperation in the field of plant mutation breeding and other. The

participants agreed that the cooperation through the "Regional Nuclear Cooperation

in Asia" scheme including annual meeting including workshop was extremely

important for the participating countries.

The main points of the comments for the future plan, proposals and opinions

agreed and expressed by the participants at the Round Table Discussions include

following :

3.1.1 Mutation breeding is very important to improve agricultural products,

concentrated type of the project should be constructed.
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3.1.2. Other areas of cooperation should be considered, although some projects are too

early and therefore the member should discuss in detail at the next meeting. Those

proposals are important in future development of cooperation under the FNCA

frameworks.

Participants in the workshop exchanged opinions on the drafts of Regional

Cooperation Plan for Mid-Term Program on Application of Radiation and

Radioisotopes for Agriculture, which were described by Japanese side. This

document is to be readjusted and incorporating the results of discussion of the

workshop and submit to the Second Coordinator Meeting to be held in March, 2001 in

Tokyo, Japan.

1) The theme for the next workshop, its venue and dates will be Methodology for

Plant Mutation Breeding-' Cell and Molecular Biological Techniques for Mutation

Breeding to be held in Bangkok, Thailand, in October 2001.

2) Mutation Breeding Database has been successfully built and the participants

In the workshop appreciated its usefulness. As Mutation Breeding Database

Contains individual information related to the privacy and Intellectual Priority, the

participants agreed to discuss the further study on its practical handling. The

workshop participants agreed that Microsoft Windows shall be used for its operating

system. The participants also agreed the change of the publication method of

brochure "Outline of the Database on Plant Mutation Breeding" from printing to

FNCA web site (AsiaNNet).

3) Mutant Stock Repository received the positive consensus from the participants

of its importance as analytical standard.

(1) Project leader of the Philippines and Thailand kindly agreed to accept the

mutant stock samples (note", after the meeting, Korea kindly accepted to be one of

the host countries.

(2) Small amount of samp le may be distributed to be proliferated by the recipient.

(3) At present, only rice seeds are to be accepted in the Philippines and Thailand

facilities. Candidates of the Repository site for other plant materials should be

recruited further.

4) The contents of the laboratory manual for mutation breeding techniques was

presented by the Philippines. It is envisioned to be a very practical manual and

should serve as laboratoybenchside-handbook for the beginners and not a texstbook
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for formal or college courses. The project leaders are encouraged to send the article

contributions as soon as possible.

5) China tentatively offered to host the 2002 workshop. Following 2001 workshop

in Thailand, all participants appreciated the candidature of China as the venue for

2002 workshop.

The workshop included technical tours to the following institutions; Agricultural

Genetic Institute (AGI), Vietnam Atomic Energy Commission (VAEC), Center for

Salinity Soil Environment, Rice Seed Production Company of Haiphong Bay and

Vegetable Market.

3.2 Development of Data Base on Mutation Breeding in Plants and its Distribution

3.2.1 Background

On the Roundtable Discussion, the objectives, procedure, further improvement for

publicity for the Database of Mutation Breeding were discussed as follows.

Plant mutation breeding has four great merits as compared with the other breeding

methods:

1) It can improve a few traits without disturbing other exellent characters of

existing varieties.

2) It can create new mutant characters.

3) It is able to improve vegetatively propagated plants which are usually hard to

cross.

4) It is able to attain improvement in a short period with minimum investment.

Once an effective method has been developed, and has been able to induce new

mutant variety, it can be applied to other similar case, and it could be a powerful

method. It is therefore, important for researchers of each country to advance

techniques for mutation breeding through exchange information, and practical

application of the techniques to their plant breeding, attain successful result,

"Database of Mutation Breeding in the Regional Nuclear Cooperation in Asia" was

established. However, it is not necessarily been utilized by every researcher due to

lack of publicity about the database.

Recent years, mutation breeding business has remarkably progressed by

introducing bio-technology and developing new analytical technique and has been

bred mutant for meeting new demand. It is hoped that the advancement of mutation

breeding technology of each country in the region.
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3.2.2 Data Construction

The data collected in returning the questionnaire through cooperation of related

organizations in each country, were itemized in five categories as follows.

1) Name of Organization, Irradiation Facility, and Research Institute

2) Researcher

3) Objective Crops, and Breeding Target

4) Methodology of Mutation Breeding

5) Mutant Variety and Mutant Line

3.2.3 Proposal and Discussion

1) Though publication of the Outline of Mutation Breeding Database was decided

to prepare in print by China and Japan sides, it was proposed to publish in home page

of Asia Net at the last Seminar in Indonesia. The reasons why we should published

the database in internet, were many users, more than 500 researchers in all member

countries could access the data source easily and instantly, and almost no expense

would be required to distribute the data. In this Seminar, the propriety about

publicity of the Outline of Mutation Breeding Database to the home page of Asia Net

was discussed. The proposal was supported by the representatives of all member

countries. However, special consideration should be paid on publicity of private data

and property right and security of the data.

2) Access Ver.2, software to operate the Database, can be operated by MS-DOS,

and not by the Windows 95/97. Version-up of M.B. Database to Access 2000 was

proposed and agreed by the representatives. The version-up procedure to Access 2000

was carrying out by JAERI staffs.

3) The Outline of Mutation Breeding Database contained of 12 pages was

presented on OHP by in-charge of the Database.

4) In the next Seminar, the methods to access the Database and to maintain the

security should be discussed.

3.3 Practical Handling of Mutation Stock Repository and Future Development

In the agricultural field of the FNCA activities in Eastern Asian countries, following

the Mutation Breeding Database proposed in 1993, Mutant Stock Repository (MSR)

was proposed as a collaborative output in 1995. It was intended as the storage and

gene bank function to supply standard mutant lines to compare with the newly
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induced mutant gene. The mechanism or organization should be continued

indefinitely to support mutation breeding. Therefore, the intention and how to

secure the long time storage with appropriate distribution system to the client had

been discussed in every seminar/workshop. For the safety precautions, plural

storage facilities were proposed and accepted.

During the discussion, a problem regarding the Intellectual Rights came out as a

prohibitory factor due to the domestic regulation in some countries. But as the

importance of the use of standard mutant line or gene, in analytical work was

recognized by the participants, setting up of the MSR was agreed to continue on the

voluntary bases where submission is possible. The factor of Intellectual Rights was

reflected in the requesting form to declare only to use the sample for analytical use.

About 500g or more seeds were suggested to submit in each mutant line and to each

storage facility. Refreshing of the stored mutant seeds were also discussed. As the

MSR is intended to be continued indefinitely, refreshing work is to be asked to the

storage facilities. To reduce the work of the storage facilities, seeds distributed to the

requesting client will be suppressed only to 20 grains per sample. The receiver can

use the mutant line after proliferation of the seeds in their own field.

The storage facility had been discussed in several seminars/workshops. Because of

uncertainty foreseen in reorganization of Japanese governmental ministries,

participation of Japanese gene bank was left for further discussion, but the Philippine

(PhilRice through PNRI) and Thailand (RRI through Kasetsart University) were the

possible site of the storage presently.

General agreement of the fundamental function of MSR to supply the seeds only for

genetical analysis has been agreed. It is to supply standard mutant gene to

compare with the newly induced one. The outline document and formats to submit

(so called passport data form) were drafted and distributed for discussion. In the

Workshop held in January 2000 held in Jakarta, requesting format was drafted and

presented for discussion. In the October 2000 Workshop held in Hanoi, the two

formats, Form 99A for submission of material seeds (passport data form), and

requesting form, Form 00A to request sample seed were accepted. The forms will be

tested further by trial operation with some rice waxy mutant lines prepared in Japan.

In the Hanoi Workshop, progress of preparation were reported by Dr. Amano of

Japan. There was another problems in the MSR, i.e. the seed storage other than rice,

because the facilities both in Philippines and Thailand are institutions specialized in

rice research. After discussions of the problem, Korea and Philippines volunteered
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to examine possibilities in their countries for storage of seeds of wider crop species.

After the Workshop, Korea informed to Japan their acceptance of the MSR

storage facility in RDA institution. The situation in the Philippines is not reported

yet, but probability to be accepted in the Institute of Plant Breeding located in the Los

Banos area may be high.
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4i EFFECTIVE USE OF PHYSICAL/CHEMICAL
MUTAGENSIN CROP HYBRID BREEDING IN CHINA

Liu Luxiang and Wang Jing
Institute for Application of Atomic Energy,
Chinese Academy of Agricultural Sciences
P.O. Box 5109, Bering 100094, P. R. China

ABSTRACT
Crop heterosis utilization was one of the greatest achievements in the agriculture

production in the 20th century. It is proved that every breakthrough in crop hybrid breeding
was predicated on the discovery or successful development of new heterosis germplasm. In
recent years, in order to open up the scope and ways of using crop heterosis, it has been paid
much close attention to apply mutation techniques to hybrid breeding. Useful tool materials
like male sterile mutant lines, fertile restoration mutants in many crops have been obtained
by effective use of physical/chemical mutagens. Brief introduction is made in this paper on
the newest research improvement concerning the effective use of the techniques of mutation
induction in China to create special useful genes, enrich the diversity of germplasm and
promote the rapid development of crop hybrid breeding.

Key words: Crop hybrid breeding, physical/chemical mutagens and phenotype marker.

INTRODUCTION
After 40 years' research and development, techniques of mutation induction play a

more and more important role in crop genetic improvement in China. The number of new
varieties bred by mutation techniques makes up 10% of the total varieties bred by various
methods all over the country. According to incomplete statistics of FAO/IAEA released in
June 2000, 2225 varieties have been bred by mutation techniques in the world. Among them,
605 varieties were bred in China that accounted for 27.2% of the total. The popularization
and utilization of all these good mutant varieties have made important contribution to
China's food production and social and economic development.

Using heterosis to make a big increase in crop yield was one of the greatest
achievements in the agriculture production in the 20th century. At present, there are more
than 40 crops in the world that have used or will use the heteroses in production. Breeding
practice proved that every breakthrough in using the crop heterosis was predicated on the
discovery or successful development of new heterosis germplasm. In recent years, in order to
open up the scope and ways of using heterosis, it has been paid much close attention to apply
the techniques of mutation induction to hybrid breeding. Useful materials like male sterile
mutant lines, fertile restoration mutants in many crops have been obtained by effective use of
physical/chemical mutagens. Some of them have been used in hybrid seed production in rice,
maize, wheat and sorghum, etc. and have made good social and economic effects. Brief
introduction is made in this paper on the newest research improvement concerning the
effective use of the techniques of mutation induction in present China to create special useful
genes, enrich the diversity of germplasm and promote the rapid development of crop hybrid
breeding.
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MUTATION INDUCTION OF RECESSIVE TALL STALK GENE IN
MCE
Problems in Hybrid Seed Production in Rice

The great breakthrough of hybrid rice breeding and its application in production
promoted the per unit area yield of rice in China from less than 3000 kg/ha to more than
6000 kg/ha at present. Now the planting area under hybrid rice in China is about 16 million
hectares each year.

To extend the use of hybrid rice further, besides selecting new combinations with good
quality, high yield and multi-resistance, it depends more on reducing the cost of the seed
production of hybrid rice. But panicle enclosure exists in sterile lines of both three-line and
two-line hybrid rice. Although "920" (gibberellin) was used successfully by Chinese
breeders to alleviate the panicle enclosure of sterile lines, it demanded high-level spray skill,
accurate spray time and relatively harsh weather condition. More importantly, too much use
of "920" would increase the cost of the seed production and also caused a decline in seed
quality and pollution of environment. So it seemed very necessary to settle this problem once
and for all by the way of genetic breeding.

Function of Recessive Tall Stalk Gene
In 1981, Dr. J. N. Rutger, the chief rice breeder of United States Department of

Agriculture reported a pair of recessive tall genes named eui which stood for elongated
uppermost internode. The eui gene could make the uppermost internode elongate 30-40 cm.
Panicle enclosure could be eliminated by introducing the eui gene into male sterile lines.
And it was beneficial to pollination if the eui gene was introduced into restorer lines.
Meanwhile, because this tall character was inherited recessively, hybrid combination with
eui gene would still be dwarf-stalked rice.

Obtainment of eui Gene

Transfer eui gene by combining hybridization and backcross

The transfer of eui gene could be conducted by hybridizing the known donator material
carrying eui gene with the target sterile lines or restorer lines to be improved, and then by
continuous backcrossing. But as is known to all, once two varieties were hybridized,
segregation and recombination of many genes in the whole genetic background would
happen. With the transfer of eui gene, good characters of the lines to be improved would also
be lost in varying degrees. Breeding practice conducted by Chinese scholars for more than
ten years has proved that this traditional hybridization and backcross method was of great
difficulty and low efficiency, and no hybrid rice with recessive tall genes has been obtained
for popularization and application.

Obtain eai gene directly by 6 0Co7 -rays irradiation treatment

Japanese scholars first reported a recessive tall mutant LM1 obtained by inducing
'Nonglin 8' in 1978. Then Mh-1 was obtained by irradiating 'Guizhao 2' (Wu, 1988) and
02428h mutant from somaclonal variation (Sun, 1992). All these mutation belonged to single
recessive gene inheritance. The gene was allelic with eui gene named by Dr. Rutger and it
was located on the fifth chromosome. So far no breeding achievements close to productive
applications have been reported because these mutant materials couldn't be used to make
hybrid directly.

From 1997 on, Professor Yang Rencui and his group from Fujian Agricultural
University began to explore the technology and method to obtain eui gene mutant lines
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directly by Co 7 -rays irradiation treatment on parental varieties of hybrid rice and have
made great breakthrough. By the treatment of 300-350 Gy of 60Co 7 -rays irradiation on
seeds of maintainers and restorers of male sterile lines of rice, then planted by direct seedling
in a large population in M2 generation, they found that the frequency of eui-1 (eui allelic
gene named by Dr. Rutger) mutation obtained from a line to be improved could reach 95%
or higher, but the cost was only about $10. By this method, it only took four planting seasons
(within two years) to transform a common sterile line (A-line) to an eui sterile line (eA-line)
and two planting seasons (one year) to transform a common restoration line (R-line) to an
eui restorer line (eR-line). This method has gained the patent of technological invention. At
the same time, a new eui allelic gene was found and named as eui-2. They have made an
application to the International Association of Rice Genetics for registration of eui-2 gene.

Progress of Hybrid Rice Breeding UsiHg eui Gene
By using the eui gene, the following types of recessive tall hybrid rice could be made:

Hybrid rice with a single recessive eui gene:

eA/R — eui sterile line with dwarf restoring line;
A/eR — common sterile line with recessive tall restoring line.

Hybrid rice with two recessive eui genes:
elA/e2R — eui sterile line with recessive tall restoring line

In the past two years, using their own method, the research group led by Professor
Yang Rencui obtained eui mutations in 7 maintainer lines making up 84% of the application
area of three-line hybrid rice in China, 'Peiai 64S' sterile lines making up over 80% of the
application area of two-line hybrid rice in China, and IR58025B maintainer line making up
over 85% of the application area of three-line hybrid rice abroad. Four eui sterile lines have
been bred, three of them with eui-1 gene and the other one with eui-2 gene. Four
combinations of hybrid rice with single recessive eui gene ('Changllyou 86', 'Changgangyou
22', 'Changxieyou 63' and 'Changllyou 63') and one combination of hybrid rice with two
recessive eui genes ('Xieqingzao eA(2)/eR127') have entered productive demonstration
planting. 'Changxieyou 63', planted for demonstration in 2000, was checked and accepted
by the Science and Technology Department of Fujian Province after on-the-spot real
harvesting. It yielded 11,055 kg/ha that was 5.7% higher than common hybrid rice.

Experiment results showed that the eui sterile line could come into ears completely and
the panicles, grains and stigmas all elongated, suggesting that its potential of cross-
pollination increased markedly. The eui sterile line also had higher-level of endogenous
hormones. It grew rapidly, flowered early and was more sensitive to '920'. It may not use or
use less '920' in the seed production (depending on different eA lines). Compared with the
hybrid rice without eui genes, hybrid rice with recessive eui genes sprouted earlier, grew
faster, had dominant position in growth, matured 3 days earlier and the panicle length and
grain weight increased 5-8%. Most combinations of hybrid rice with recessive eui genes
showed yield increase. The increasing range was 3-11%, which indicated that it had an
excellent prospect of production use.
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INDUCTION OF LEAF COLOR GENE MARKER AND ITS
APPLICATION
Function of Leaf Color Gene Marker of Male Sterile Lines

Hybrid seed production by using male sterility is the main way of crop heterosis
utilization at present. The purity of hybrid seed affects directly the output potential and
quality class of hybrid rice. Isoenzyme analyses, molecular testing and planting in field at
high elevation during the summer are three main methods currently used to determine the
purity of hybrid seed lots. The first two methods not only require a certain operation skill,
but also need some indispensable instrument and special equipment and reagents, which
make them difficult to use popularly. The field planting method needs less techniques but it
takes much longer to do it. In addition, although the above three methods cost much
manpower, materiel and financial resources, they can only get the basic data of the purity of
hybrids and can not eliminate the output loss caused by pseudohybrids.

To those environmental sensitive genie sterile lines or cytoplasmic male sterile lines
with incomplete sterility which have a certain risk in production, putting a leaf color marker
that is easily recognized and only expressed at seedling stage can not only guarantee the
purity of the sterile lines and hybrid seeds, but also identify the purity economically and
conveniently. The male sterile lines with leaf color marker have advantages in at least three
aspects as follows:

(1) With seedling marker assisted roguing with markers at seedling stage, sib or self-
pollination problem caused by the reverse of male sterility (two-line method) or incomplete
abortion (three-line method) can be solved thoroughly in hybrid seed production.

(2) It can be remedied by artificial roguing or natural elimination even if there are some
problems with the purity of the hybrid or sterile lines. Thus the tremendous economic loss
that may probably happen could be minimized.

(3) The character with leaf color marker is obvious and easy to recognize. It is only
expressed at the special seedling stage and won't affect the agronomic characters and
heterosis.

Leaf Color Gene Marker In Male Sterile Lines of Rice Induced By Nuclear Radiation
A vast amount of research work showed that most physical/chemical mutagens could

induce chlorophyll-deficient mutation in rice. A rice yellow-green mutant HY101 controlled
by a single recessive nuclear gene was obtained by mutagen EMS treatment on anthers of a
japonica rice '8126' at early stage of in vitro culture (Hu etal, 1981). The chlorophyll
content of its leaves was only 1/3 of that of normal leaves. And a greenable yellowing
mutant controlled by single recessive nuclear gene was got by N* ion beam implantation into
seeds of indica rice 'Luwuhong', and then photosensitive genie male sterile line with
yellowing marker was bred (Wu etal, 1991). It has already been used in the selection of
combinations in two-line hybrid rice.

By using 300 Gy of 60Co 7 -rays direct irradiation on dry seeds of a indica type
thermo-sensitive genie male sterile (TGMS) rice '2177S', the chlorophyll mutation
frequency in Mb generation was 0.26%, and among them 33 chlorophyll mutant lines with
good comprehensive characters were selected (Xia etal, 1995). Genetic analysis showed
that all these mutations were controlled by a pair of recessive nuclear genes and could be
divided into three types which were (1) temperature-induced leaf color mutation, (2)
phasically expressed leaf color mutation, and (3) greenable albino leaf color mutation which
only expressed at seedling stage.

- 42



JAERI-Conf 2001-003

In the past few years, China widely used GMS lines such as 'Peiai 64S\ 'Xinguang S'
and CMS lines such as 'Longtefu A', 'II-32A', 'Xieqingzao A' and 'Zhenxian 97A' were
improved to utility sterile lines 'Zhen 64S', 'R172S', 'R264S', 'Quanlong A', 'Bai 32A' and
'Zhenshan A' having albinotic leaf color marker that only expressed at seedling stage. The
research group led by Professor Xia Yingwu using the same method - direct irradiation
treatment on seed, did the work. These sterile lines with leaf color markers kept then-
parents' good agronomic characters and sterility character and showed good quality, good
flowering habit, high yield of seed production and good combining ability. The expression of
the leaf color marker showed that the first three young leaves were completely albinotic, but
the fourth leaf began changing into green from leaf base to leaf apex at extending, and the
leaf color converted to normal green after the sixth leaf extended thoroughly. The hybrid
combination 'Quanyou 37' made by 'Quanlong A' attended the regional test in Zhejiang
Province in 1998 and 1999 and showed a significant yield increase than the control hybrid
'Shanyou 10' in both two years. Productive test has been organized in 2000.

Leaf Color Gene Maker in Rape Induced by Physical/Chemical Factors
In China, about 20% of the area planted with oilseed rape, Brassica napus, is sown

with hybrid varieties; hybrid seed is generally produced by utilizing CMS and GMS system,
respectively. On average, there are about 20-30% of sibs/selfs in the pol or Shan 2A CMS
hybrid seed lots when autumn seeding is used for hybrid seed production (Hou and Pan,
1992). If the rate of sibs increased by 1% in CMS hybrids, the hybrid yield decreased by 0.6-
0.7% (Wen and Song, 1994). It is therefore necessary to determine the proportion of sib/self
seed in each hybrid seed lot before it is certified.

A chlorlphyll-reduced (Cr) seedling mutant was induced by fast neutrons irradiation
with 14Mev of average energy for 5 days, 14h each day and 0.3% diethyl sulphate (DES) for
2h (Zhao et al., 2000).

The chlorophyll content in leaves of young Cr seedlings was 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. Genetic analysis revealed that a pair of recessive genes controlled the Cr seedling
marker trait. Although the yield of Cr plants is lower than that of Nc plants, the complete
dominance of the Nc allele over Cr ensures normal growth and development of hybrid plants
that have the same yield and disease resistance as plants homozygous for the Nc locus.

By using hybridization and backcross method, a double low (low erucic acid and low
glucosinolate) pol CMS line carrying the Cr marker, Z01A, and its maintainer, Z01B, have
been developed. Except for male sterility, all other characteristics, including quality traits,
are similar for both Z01A and its maintainer, Z01B. Z01A has been used as the parent to
breed and produced the experimental B. napus hybrid seed.

CONCLUSIONS AND OUTLOOK
Mutations are recognized as one of the driving forces of evolution. The achievements

and a lot of successful examples of mutation breeding in China have proved that it is an
effective approach to crop improvement as well as an important supplement to conventional
breeding.

Through the effective use of physical and chemical mutagens, mutation techniques
have been playing more and more important roles in not only the direct development of new
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crop varieties, but also the solve of some special problems in crop breeding. For instance,
using nuclear technique could rapidly creative new kinds of male sterile mutant lines, fertile
restoration mutants and excellent tool materials with certain phenotype characteristic
markers in hybrid breeding, etc.

Newly developed biotechnologjcal tools facilitating selection, characterization and
genetic analysis of desired traits have significantly stimulated the use of mutation induction
in breeding and basic research. It is clear that the new development of mutation breeding will
be heavily on and associated with not only effective use of mutagens, but also advanced
plant biotechnology, particular plant molecular biology. Therefore, international cooperation
will be very important for the sustainable progress of the research related to the areas.
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4.2 Use of physical/chemical mutagens in plant breeding program
In Vietnam

Tram duy quy, nguyem huu dong, but huy thuy, le van nfaa,
ttguyen van bich et al.

Agricultural Genetics Institute, Hanoi, Vietnam.

I. Introduction.
History of induced mutation was initiated nearly one hundred years ago when Hugo de

Vries proposed the theory of mutation and the ability to obtain artificial mutation.

So far, the process of induced mutation research spread onto 5 main periods, marked by
many famous works of scientist all over the world (such as of Sweden, Germany, Poland, Russia,
India, United States, Japan, France, China, Asia countries) on theory as well as on practice
(Muller 1927; Delone 1928; Sapeghin 1936; Rapoport 1948-1989; Gustafson et al 1940-1953;
Kawai 1954; Matsuo et al 1987; Mackey 1953; Marie et al 1969; Meinhold, Smith, Sparrow
1971; Mikaelsen; Maluzynski et al 1988-2000; M. E. Swaminathan et al 1991, Amano et al
1968-1990, Tran Duy Quy, Nguyen Huu Dong 1985-2000; Leu Leexiang 2000; Ismachin et al
1998-2000; Kang et al 1998-2000; Padolina 1998-2000; Ibrahim et al 2000; Phadvibulya 2000;
ect).

According to IAEA, in the world, up to now, more than 1870 new plant varieties were
formed by mutation breeding. In plus, more a thousand of promising mutant lines are being
studied and selected in many laboratories of 46 countries. Among them, 44 varieties of different
plants were formed by Vietnamese scientists. In Vietnam, the first research on induced mutation
was carried out in 1966 in Department of Genetics, Hanoi University in rice, bean, soybean,
mulberry (Trinh Ba Huu, Phan Phai, Tran Minh Nam, Le Duy Thanh et al 1966-1969). The
research was promoted from 1970 up to now in AGI, Cuu Long Delta Rice Research Institute,
Institute of Food Crop Research, Agriculture University No. 1,2, 3 or 4 ect.

Recently, Vietnam has formed 44 varieties of rice maize, soybean, peanut, tomato, jujuba,
green bean... after treatment with physical/chemical mutagens such as Gamma ray, neutron,
DMS, DES, El, NMU, NEU, NaN3.

In this paper, some results obtained in different institutions in Vietnam on the field of
induced mutation were reported.

II. Material and method

2.1. Material.

• Rice: 17 local and introduced varieties: aromatic rice Tarn thorn Me tri, aromatic
rice Tarn Thai binh, glutinuous rice Nep cai hoa vang, glutinuous rice Nep Hai hau,
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Chiem bau, C4-63, IR-22, Moc tuyen, IR-8423, IR-8, IR-5, TB-1, IR-2070, 84-1,
OM -80, Cuom, Baothai.

• Maize: VM1, local Ngo da, local glutinuous corn.

• Soybean: Cue, V74, Dh4, Coc chum, AK-04, V70.

• Peanut: Bach sa, Hoa 17, Sen lai.

• Tomato: V-224, Ba Ian, local variety.

• Mentha arvensis.

• Jujuba (Ziziplus jujuba).

22. Mutagens:

- Gamma ray: ^Co, 137Ce.

- Chemical mutagens:

• ethylenimine (El)

• dimethylsulfate (DMS)
9 diethylsulfate (DES)

• N-Nitrosomethylurea (NMU)

N-Nitrosoethylurea (NEU)

• NaN3 Sodium azide

- Dose of Gamma ray: 0.2, 0, 1, 2, 5,10, 15, 20, 25, 30, 40 krad; depending on treated
particular objective and materials: dried seed, sprouting seed, but or tuber.

- The samples were treated by chemical mutagens with concentration of 0.005, 0.02,0.025,
0.03,0.1,0.2,0.3,0.4,0.6 %; in 12-24 hours, in 27-30°C, pH 7.

2 3 . Research purposes.

2.3.1. Study on somatic effect in Ml plants:

- delayed germination

- delayed and reduced emergence

- reduction of growth

- chlorophyll defects

- reduction of fertility

- reduction of survival

2.3.2. Study on genetic effect in M2 plants:

- morphological and chlorophyll mutation.

- mutation rate and their spectrum.
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2.3.3. Study on cytological effect in anaphase of meiose

- chromosomal aberration

- disturbance of the cell cycle.

2.3.4. Study on genetic nature of mutant in M2, M3, and M4.

2.3.5. Direct and indirect use of mutants in plant improvement.

2.4. Method:

- Using methods of classification, measuring the frequency and spectrum of mutation as
discribed by IAEA (1973-1979).

- Data treated by Biological Statistic Method.

III. Results and discussions

In this report, the results of the cytological, genetic effects in Ml plants, the frequency and
the spectrum of chlorophyll and morphological mutants, mutant obtained and genetic nature of
the next generations were detailed in rice only.

3.1 Rice mutation.

3.1.1. Chromosomal aberration.

Table 1. Frequency chromosomal aberration after treament by physical and chemical
mutagens in rice variety IRS.

Mutagen
concentration (%), dose (krad)

El 0.01
0.03
0.05

DMS 0.01
0.03
0.05

DES 0.01
0.03
0.05

Gamma rays 25
35

Control

Frequency (%)
Dried seed
17.2
22.3
27.9
10.2
19.6
21.2
9.7
13.5
19.4
29.3
29.4
2.86

Sprouting seed
19.9
28.1
31.3
18.2
24.8
28.9
14.4
17.9
23.7

2.67

The data of table 1 showed that the aberration effects caused by mutagenic treatment were
very diverse, depending on the nature, the dose, the concentration of mutagens as well as the
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physiological situation of treated samples. The effect of physical and chemical mutagens in the
field of chromosomal aberration could be ranged as follows:

Gamma rays > El > DMS > DES

Among two treatment methods, the chromosomal aberration frequency of sprouting
treatment is higher than that of dried seed treatment.

In treatment of other 5 rice varieties, the similar results were reported following: (Table 2).
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Table 2. Frequency and spectrum of chromosomal aberration after treatment by physical
and chemical mutagens in some rice varieties.

Varieties
Mutagens

IR22
NMU

NEU

Control
C4-63
Gamma ray

10 krad
20 krad
NMU

NEU

Control
Moc tuyen
Gamma ray 10

krad
20 krad
NMU

NEU

Control
TB-1
Gamma ray 10

krad
20 krad
NMU
NEU

Control
TTB
Gamma ray 10

krad
20 krad

NMU

Control

Frequency and spectrum of chromosomal aberration
Concentrations of treatment (%)

0.01

26.37 ±1.77
5 types of variation

21.79 ±1.66
5 types

0.02

28.59 ±1.79
5 types

27.82 ±1.71
5 types

1.66; 1 type

18.64 ± 2.78 8 types
26.5 ± 3.31 8 types
25.90 ±1.73
5 types
23.19 * 1.62
5 types

30.08 ±1.85
5 types
26.28 ± 1.69
5 types

0.03

35.73 ±1.96
5 types

30.08 ±1.82
5 types

38.59 ±1.9
5 types
33.04 ±1.78
5 types

1.73; 1 type

16.94 ±2.35 8 types
26.91 ±1.97 8 types
20.71 ± 1.63
5 types
17.78 ± 1.54
5 types
0.84 %

14.1 ±1.86 8 types
21.9 ±1.93 8 types
19.68 ± 1.52
15.73 ± 1.46

26.35 ± 1.81
5 types
21.04 ± 1.62
5 types

23.38 ± 1.60
20.09 ± 1.59

30.65 ± 1.89
5 types
27.15 ± 1.81
5 types

29.65 ± 1.76
24.83 ± 1.82

2.1%

13.84 + 2.61 8 types
16.93 ±2.10 8 types
10.72 ±2.21
5 types

16.57 ± 2.35
5 types

20.21 ± 3.03
5 types

1.44 ± 0.71; 1 types

- 49



JAERI-Conf 2001-003

3.12. Chlorophyll mutation

Table 3: Frequency and spectum of chlorophyll mutation in IR8 variety after treatment by
physical and chemical mutagens in some rice varieties.

Mutagen
concentration
(%) and dose

(kr)

Number
ofM2
plants

Frequency
of chlorophyll
mutation (%)

Type of chloro
albina xantha

phyll mutation
viridis others

Sprouting seed
Control

El 0.01
0.03
0.05

DMS 0.01
0.03
0.05

DES 0.01
0.03
0.05

Gamma ray 5
10

8650
8348
9155
8428

9415
9620
8730
8744
8656
9637

10141
11245

0.081 ± 0.03
2.75 ± 0.18
3.51 ± 0.19
4.33 ±0.22
2.10 ±0.14
2.35 ± 0.15
3.13 ±0.18
1.38 ±0.12
2.41 ± 0.16
2.67 ± 0.16
1.69 ±0.13
3.44 ±0.17

100
26.61
27.73
33.70
25.24
21.24
31.13
29.75
31.58
24.90

49.12
50.39

0
51.74
55.45
45.75
56.06
50.88
47.62

46.28
52.15
53.70

26.90
25.51

0
5.65
3.11
4.38
3.03
6.64
7.33
6.61
4.31
7.00

21.01
22.22

0
20.00
13.71
16.16
15.66
21.24
13.93

17.35
11.96
14.40

2.92
3.88

Dried seed
Control

El 0.01
0.03
0.05

DMS 0.01
0.03
0.05

DES 0.01
0.03
0.05

Gamma ray 25
35

8500
9321
9642
9146
9326
9560
8766
8783
9610
8891

12383
11647

0.07 ±0.03
1.86 ±0.14
1.98 ±0.14
2.63 ± 0.16
1.36 ±0.12
1.84 ±0.13
2.21 ±0.15
1.12 ±0.11
1.09 ± 0.10
1.92 ±0.14
1.25 ± 0.10
2.69 ±0.15

100
26.59
30.89
34.85
20.47
27.27
30.41
18.37
28.57
23.39
58.71
62.62

0
41.62
49.21
43.57
51.18
48.86
50.52
50.0
47.62
52.63

18.06
13.42

0
7.51
6.28
8.71

6.30
7.39
8.25

8.16
10.48
8.19

23.23
18.21

0
24.28
13.61
12.86
22.05
16.48
10.82
23.42
13.33
15.71

0
5.7
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3.13 Morpho- physiological variation

Table 4: Frequency and spectrum of morpho- physiological variation in M2 plant of IR8
variety after treating with various mutagen concentrations.

Mutagen
(concentration
(%)) (Dose kr)

No.ofM2

plants
Variation frequency

Number of
plants

%
Type of

variation

Sprouting seed
Control

0.01
0.03
0.05
Total
0.01
0.03
0.05
Total
0.01
0.03
0.05

Total
5
10

Total

3680
4560
3987
4015

12562
4350
4210
4185
12745
4225
4381
4237

12843
6650
6148
12798

0
263
283
348
994
138
223
264
625
137
212
244

593
403
482
888

0
5.77 ± 0.34
7.28 ± 0.41
8.67 ± 0.44
7.24 ± 0.24
3.17 ± 0.26
5.30 ± 0.34
6.31 ± 0.27
4.93 ± 0.20
3.24 ± 0.32
4.84 ± 0.36
5.76 ± 0.37
4.61 ± 0.18
6.10 ± 0.29
7.84 ± 0.34
6.97 ± 0.22

0
14
17
21
17
16
18
15
16
13
12
16

14
9
12
11

Dried seed
Control

0.01
0.03
0.05

Total
0.01
0.03
0.05
Total
0.01
0.03
0.05
Total

25
35

Total

3880
4391
4582
4174

13087
4630
4510
4248
13388
4160
4280
3987
12427
6250
5415
12665

0
195
241
298
134
121
164
187

472
89
132
183

404
397
481
878

0
4.44 ±0.31
5.26 ±0.33
7.14 ± 0.40
5.61 ± 0.20
2.61 ±0.23
3.64 ± 0.28
4.40 ±0.31
3.55 ± 0.16
2.14 ±0.22
3.08 ± 0.26
4.59 ± 0.38
3.27 ± 0.16
6.35 ±0.31
7.50 ± 0.33
6.93 ±0.22

0
12
13
13

13
10
11
9
10
12
10
11

11
7
9
8
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Table 5: Frequency and spectrum of morpho - physiological variation in Mj plant of some
rice varieties after treating with various mutagen concentrations

Variety

IR-22

MT

Q - 6 3

TB-1

TEB

Mutagen

Control
NMU 0.010

NEU 0.010
0.015
0.020
0.025
0.030

Control
NEU 0.010

0.015
0.020
0.025

Control
Gamma rays 10

15
20

NMU 0.010
0.015

NEU 0.010
0.015
0.020
0.025
0.030

Control
Gamma rays 10

15
20

NMU 0.010
0.015

NEU 0.010
0.015
0.020
0.025
0.030

Control
Gamma rays 10

20
NMU 0.010

0.015
0.020

NEU 0.010
0.015
0.020
0.025
0.030

Number of plants

5356
5099
4896
4200
4158
3841
2600

5236
5786
5682
5697
5676
4900
4720
4368
4583
4190
3895
4654
4632
4010
3981
3883

5600
5345
5428
5234
5216
4891
4810
4802
3898
3895
3813

5600
5915
5889
5632
5515
5112
5638
5454
5627
5449
5321

Frequency of
variation

0
3.41±0.25
2.72 ± 0.23
3.78 ± 0.24
3.05 ± 0.27
3.25 ± 0.28
4.46 ± 0.40

0
2.11 ± 0.19
2.78 ±0.22
3.00 ± 0.23
2.85 ± 0.22

0
1.06 ± 0.15

1.85 ±0.20
1.92 ± 0.20
2.39 ± 0.23
3.03 ± 0.27
2.17 ± 0.21
2.33 ±0.22
2.47 ± 0.24
3.14 ± 0.27
2.94 ±0.27

0
1.46*0.16
1.95 ± 0.19
2.90 ± 0.23
2.97±0.23
3.43*0.26
2.51 *. 0.22
2.87*0.24
3.05 ± 0.27
3.16 ±0.28
3.07 ±0.28

0
0.95 ±0.12
1.39 ±0.15
1.95 ± 0.18
2.32 ± 0.20
3.19 ±0.44

1.86 ±0.18
1.89 ± 0.18
2.42 ± 0.20
2.92 ±0.22
3.29 ±0.24

Type of variation

0
21
17
17
18
18
20
0
17
18
18
20
0
7
10
11
18
18
13
11
18
18
18

0
10
11
11
17
17
14
15
17
17
18

0
7
11
16
17
18
14
13
15
15
14
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3.2 Highlight Results on Mutation Breeding in Vietnam

3.2.1. Rice

3.2.1.1. Mutant rice variety - DT10:

The dry seeds of C4-63 variety were treated with irradiation of gamma rays. The effective
dosage of6 Co gamma rays is 20 krad. M2 individuals were selected, then were treated with
NEU, using dose 0.025% during germination phase. DT10 has been released to farmers after
many years of testing in North Vietnam. It was recognized as a National Rice Variety in 1990.
In contrast with its parents, DT10 is tolerant to coldness and drought and resistant to disease,
and yields within 5.5 to 7 tons/ha/crop, particularly 7.0-7.5 tons/ha/crop; maturity: 180-185 days,
100 -115 grains/panicle: 32-34 gr/1.000 grains. It has been spread in the North Vietnam about 1
million hectares (covered 30-35% of rice area). It is suitable for early Spring crop.

3.2.1.2. Mutant rice variety - DT11.

To develop DTI 1, Q-63 was irradiated with ^Co gamma ray, dosage 20 krad, Ml was
selected after the continuous treatment with NEU dosage 0.025% in germination phase. The
resistance to pests and diseases was improved and the yield about 5.5 to 7.5 tons/ha/crop. The
cooking quality and aromatic characteristics are better than that of DT10. It was cultivated
largely in North Vietnam.

3.2.1.3. Mutant rice variety - A20.

It was derived from the variety A8 by treatment with NMU, dosage 0.015%. After
selecting, the mutants H30 and H20 were newly treated with NMU, dosage 0.015%. By crossing
between the above two mutant lines, A20 was obtained. It was adopted as a National Rice
Variety in 1993. It is tolerant to drought, salt alumniferous soil and resistant to disease, yields
about 5 to 7 tons/ha/crop,; good grain quality and grain rate: 70%.

3.2.1.4. Chiem bau mutant rice variety - CMu

Chiem Bau is a local, rice variety grown in North Vietnam, tolerant to salt and
alumniferous soil. But, it was tall and had late maturity and low-yielding capacity. AGI has
undertaken several mutation breeding steps to improve the agronomic traits by gamma rays of
60Co, at dosages 15, 20 and 25 krad. At first, a short maturity mutant was selected (CMi), and
then several promising hight yielded mutants were obtained (line 1, 5). These lines are now
being propagated in coastal northern parts of Vietnam. CMi was certified as national rice variety
in 1999.

3.2.1.5. Mutant rice variety - DT33.

CR203 was irradiated with gamma rays, dosage 20 krad, and selected over many
generations. DT33 was released widely in the North Vietnam since 1994. It was blast resistant
and about 20 percent higher yielding than the CR203.

3.2.2. Maize

3.2.2.1. DT6

Its origin was from Mexico and had a white colour of grain. 12 valuable mutants were
obtained from treatment with NEU and NMU. By crossing between them to form the synthetic
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DT6 variety. DT6 was recognized as a National Variety in 1990. It has short and strong stem, it
is about 20% higher yielding than other conventional varieties, good grain quality. The grains
occupy 82% of ear weight, 1% higher grain protein content than the origin variety. It has been
grown on over 1.000 hectares on alluvium soil.

3.2.2.2. DT8. This variety was developed by crossing between DT6 and local red corn
variety. The hybrid has a light red colour of grain and high yield. It is in national trial cultivation.

3.2.3. Oil plants

3.2.3.1. Legumes.

The induced mutation method has been applied to have diverse starting materials for
peanut and soybean breeding, in order to improve genetic traits with the desired purposes for
agricultural production:

• Starting materials for mutagenic treatment: pure varieties, hybrid varieties mutant.

• Mutagen: 60Co y-rays, Ethylenimin El, Nitrosomethylurea NMU, Dimethylsulfat
DMS, Sodium azide NaN3 with the concentration of 0.005%-0.05%.

• Procedures: combining physical with chemical treatment method. Treatment with
dry seeds, wet seeds or treatment at flowering phase.

• Number of seeds used in treatment: from 500 and more. The mutated generation
have been in continuous survey from M2 to M4: selection, isolation after pedigree
method, the good lines have been selected through succeeding generations to
obtain good, stable agromic traits.

The research results

• The effect of induced mutation is highest at flowering period with high mutant
frequency and wide mutant spectrum. The total of variation and mutants amounted
to 80% in Ml and M2 generation (Tran Tu Nga, Tran Van Lai 1995).

• The effect of physical and chemical treatment with dry seeds is higher than that
wet seeds.

• The effect of combining chemical with physical treatment is higher than that with
separated chemical or physical agent.

• The different lines have got the different sensitivity with mutagens.

3.2.3.2. Peanut

The mutant varieties released to production were mainly used since 1990 with the average
yield from 2.2 to 3.4 tons/ha. They are the following varieties: B5000, V74, 4329, D332, D329,
DPC 9102... The fundamental characters of mutant varieties are suitable for export requirements
(high yield, white seed color).
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Table 6: Result of peanut mutation breeding in Vietnam

Varieties

B5000
V79

4329
4321
D322
D332
OPC-9102

Year

1989
1992

1993
1994
1992
1992
1995

Original
materials

Bachsa
Bachsa

Hoal7
Hoal7
Sen lai
Sen lai

Ly

Treating
methods

Yray
Yray

Yray
Yray
NUM
NUM

NUM + 60Co Y

Yield
(T/ha)

2.2
2.4

3.1
2.8
3.4
3.3
3.0

Characters

High yield, big grain
High yield, thin skin
seed,
early maturity.
High yield, big grain
High yield, big grain
High yield, big grain
High yield, big grain
High yield, thin skin seed

promising mutant varieties
V79-3-26
TM4-2-79
Ly-2-12

1995
1995
1995

V79
V79
Ly

" ' C O Y

" ' C O Y
6 0CoY

3.2
2.9
3.1

High yield, maturity
High yield, maturity
High yield, thin skin seed

Owing to the scientific and technologic advances, many peanut varieties have been formed,
in which the mutation breeding has contributed a worthy part. The new varieties with high yield,
good grain quality are highly evaluated by farmers (Tran Van Lai, 1993). Therefore, in 20 years
ago, the cultivated area of the whole country have increased to 165%, the yield more 48% and
the produce more 292%. Today, Vietnam ranges an export country among 10 peanut production
countries in the world.

3.2.3.3. Soybean

In parallel with hybrid breeding, the Vietnamese scientists have carried out mutation
breeding in soybean and have got many satisfactory results.

The national certified varieties being cultivated as follows: DT84, DT90, DT95, M103,
V48, A5... with high yield, big grain, and they can be planted 2-3 crops/year (Mai Quang Vinh,
Tran Van Lai 1995).

Besides, there are many promising lines and varieties in verification trials before releasing
to farmers.

Among the varieties used in production now, the mutant varieties occupy 45%. Thus, in
the last two decades, the cultivated area was increased to 228%, the yield to 98% and the output
was increased to 552%. The production can satisfy the need of people for daily food, processing
and animal feed.

However, the demand of soybean products is continuously increasing in Vietnam, so the
new introduction of high yielding varieties is in serious need to promote soybean production.
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Table?: Result on soybean mutation breeding in Vietnam

Varieties

DT83
DT84
DT90

DT95
M103
V48
A5

year

1987
1994
1993

1995
1993
1996
1994

Original
materials

Coc chum
DT80xDH4
G7002x

Coc chum
AK04
V70
DT74
DH4

Treating
methods

^Coyray
^Coyray
60Coyray

^Coyiay
El 0.01%
NaN3 0.05%
^Co Y ray
-5-10kr

Yield
(T/faa)

2.36
2.86
2.75

3.25
2.56
2.4
2.1

Characters

High yield,
High yield, big grain.
High yield, early maturity

High yield, large adaptation
High yield, big grain
High yield, early maturity
Early maturity, high protein
content.

Promising mutant varieties
V54
V06
V52-2
S25
S31
S52
B206
B326
B180
B148
B118
B22

1995
1995
1995
1994
1994
1994
1993
1993
1993
1993
1993
1993

V74
V74
V74
V74
V74
V74

AK04
AK04
AK04
AK04
AK04
AK04

NaN30.05%
NaN30.05%
NaN30.05%
NaN30.05%
NaN30.05%
NaN30.05%
Viay
Yray
yray
Yray
Yray
Yray

2.45
2.35
2.22
2.34
2.56
2.65
2.86
3.20
3.10
2.96
3.30
3.20

High yield, early maturity
High yield, early maturity
High yield, early maturity
High yield, early maturity
High yield, early maturity
High yield, yellow seed
High yield, yellow seed
High yield, yellow seed
High yield, yellow seed
High yield, yellow seed
High yield, yellow seed
High yield, yellow seed

3.2.4. Horticultural crops.

3.2.4.1. Mint variety.

Mint is a herbaceous plant widely cultivated in the Vietnamese farmers' garden. This plant
is used as aromatic crop and also for economic aim. Mint essential oil is a precious material for
a lot of industrial branches (food, chemical, cosmetic products). The demand of this material
keeps increasing in the recent years in world wide. The world production of mint essential oil
amounted to keep 8-10,000 T/ha. of which 40% was obtained from the varieties of Mentha
arvensis L.species. The oil distilled from this species is specified by the high menthol content
and has essentially met the local needs. Since 1975, the Vietnam Institute for Science Research
and the Ministry of the Foreign Trade have cooperated to introduce and popularize the mint
variety NV-74 (M. arvensis L.) that can be grown and suitable developed in the climatic
condition of Vietnam. So for many years, the local needs has been satisfied and considerable
quantity of product was for export. However, the quality of mint oil produced in Vietnam could
not match with the best ones in the world. The essence content reached about 60% (some cases
even 54-56%) while some mint oil producing countries (Argentina, Brazil, Korea) offer their
product with 70% mint essential oil. Especially, in the recent time, India has widely cultivated
new mint varieties (CIMAP/MASI Hybrid 77) producing the oil with 80% mint essential oil.
This fact harmly influences the price and the export capacity of the produced mint oil in
Vietnam.
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To maintain and to develop mint cultivation and mint essential oil processing in Vietnam,
the research task focuses on creating new variety with good quality, high oil content, as the best
one planted in the world today.

According to the research data (1990-1995), the mutant variety TN-8 was selected after
Vietnamese standard of the National Program for Science and Biotechnology Research (KY-02).
In addition, the variety TN-8 was resistant to pest and disease and environmental stress.

3.2.4.2. Tomato variety 224.

Almost tomato varieties cultivated in Vietnam are local cultivars. They have low yielding
capacity, low fruit quality, high acidity degree, low nutrition content... Some introduced
varieties have high yield, high fruit quality, but are not good resistant to pest, disease and
environmental stress, so they were quickly deteriorated.

To overcome these constraints, Food Crop Research Institute has formed and selected
some good varieties that were certified by the Goverment. Among which, the mutant variety 214
had stable position in the tomato variety structure.

3.2.4.3. New mutant jujuba variety "Ma hong"

"Ma hong" is a name of new jujuba mutant variety, obtained by chemical mutagenic
treatment. Jujuba (Ziziphus jujuba) is a fruit tree very popular in Vietnam. The local variety
gives small fruits, thin and sour pulp. Some years ago, a new variety was introduced from
Thailand, but this one has low yield, mucous, sweeter pulp. The experiment was conducted at
Food Crop Research Institute. After mutagenic treatment with colchicine, the dosage 0.2%, the
shoots were observed separately, some mosaic shoots were removed and multiplied. The
selected line has pinkish pericarp, non mucous and sweet pulp. After testing this mutant variety
is higher yielded than many local varieties. It is a variety widely used in horticulture now.

3 3 . Some remarks taken through mutation breeding study

Through many years study on induced mutation caused by chemical/physiological mutagens
onto some agricultural crops (mainly rice, maize, soybean) it could be concluded:

1. When treating with mutagen, the mutation frequency and the chromosome mutation spectrum,
appearing at anaphase, depended on kinds of mutagen, dose and concentration of agents treated,
and genetic traits of the variety.

Normally, gamma irradiation caused the highest mutation frequency (39.39%) and the
chromosome mutation spectrum was wider than that treated with chemical mutagens.

Gamma irradiation mainly caused chromosome aberrations and fragments, meanwhile
the others chemical/physical agents caused chromatid aberrations and single fragments.

Considering the effects causing chromosome mutants the mutagens can be ranged after
the following order.

Gamma ray > NMU > NEU > El > DMS > DES

2. Considering the index of chromosome mutation frequency and spectrum, germination rate,
survival rate, the influence of treatment on growth and development, the yield component
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fastors, it was showed that the varieties newly developed by crossing or selecting had the
sensibility higher than that of the local cultivars.

Among some rice varieties planted in Vietnam, the sensibility with chemical/physical
mutagens could be ranged after this order.

IR8 > IR 24 > C4 63 > TBa > MT > TTB

3. The morphological/chlorophyll mutation frequency and spectrum at Mj, M2 generation
depended on kinds of mutagen, dosage/concentration used in treatment, genetic nature of variety
and physiological status of seed in treatment.

For the first time, this appraisal on mutation effect was reported: the treatment of
sprouting seeds caused more effects (1,5-2 times) than of dry seeds (13% moisture)

Chemical mutagens caused effects more than gamma ray on morphological/chlorophyll
mutation. It could be ranged: NEU > NMU > El > Gamma ray > DMS

The expressions of mutant traits appeared were high in C463, IR22, IR8 variety, and
fewer in MTj, TTB variety.

4. The mutation frequency of modified plants in Mi was higher than that of unmodified ones.
The mutation spectrum difference between M2, M3 was insignificant. However in M3, there
were some types of mutants distinctly different with of M2, it could be observed on some rice
varieties.

5. In studying the morphological/chlorophyll mutation spectrum, it was showed that:

- The chemical mutagens caused chlorophyll mutation, mainly xantha, viridis, while ray
effected albina.

- Some dominant mutants were seen only after treating with NEU, NMU, El onto some
varieties such as IR8, TB1, C4 63.

Among 11 obtained mutants related to some particularities: shape and colour of palea and
seed, shape of ear.

There were 4 types newly acquired:

- Brown black colour bran (gene Re)

- Hard stem, resistance to lodging (Gene Be)

- Round seeds (Lk)

- The seeds easily fallen (Shi, Sb.2)

IV. Conclusions

From 1995 up to now, Vietnam became official member of Mutation Breeding
Cooperation in Asian Region (including 8 neighboring Asian countries). Institute of
Agricultural Genetics (AGI) was considered as the representational Institute of Vietnam on
mutation breeding field.
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It was being supported by IAEA through the projects VIE/5/013 and VIE/5/014
"Improvement of food crops through induced mutation "

In the future certainly further results using nuclear techniques and biotechnology will be
obtained, and will contribute to agricultural development of Vietnam.
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4.3 Utilization of Induced Mutation Techniques in Mice
Improvement in the Philippines

Asencion, A. B., I. S. Santos, A. C. Barrida and F. I. S. Medina III

Agricultural Research Group, Atomic Research Center

Philippine Nuclear Research Institute

ABSTRACT

Rice is one of the most important food crops in the Philippines, as such, efforts have

been made consistently to improve the varieties released to the farmers for planting. Both

conventional and induced mutation techniques were utilized to solve some of the problems.

Varieties with improved qualities, resistance to pests and diseases, reduced height,

early maturity and non-photoperiod sensitive were developed using either physical or

chemical mutagen.

Other methods were also tried to enhance variability like combination of gamma

irradiation and biotechnology.

Irradiation of Fl seeds was also initiated including the use of mutants in crosses to

transfer their improved mutated characters. Promising selections were already tested and six

lines from the Fl irradiation out-yielded both C4-63G and IR 1561-288-3, their parents.
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Introduction

Variation is basically the main requisite in crop improvement. Before the advent of

modern plant breeding however, variability was supplied mainly by spontaneous mutation

and the product of natural crossing. The discovery of sex in plants by CAMERARIUS in

1694 and the establishment and rediscovery of MENDEL's laws of inheritance by De VRIES,

CORRENS and TSCHERMAK in 1900, ushered in artificial hybridization which up to now

is still the dominant method being utilized in improving crops particularly those that bear

fruits. But with the realization that the available sources of variability in the germplasm

collection stored in gene banks are not inexhaustible and that new genes have to be

generated to solve some pressing problems which spontaneous mutation cannot readily meet

because of its rare occurrences, artificial means of generating them through the utilization of

mutagenic agents used singly or combine has assumed greater dimension.

The use of induced mutation techniques have not been given serious consideration by

conventional breeders before because they were concentrating more on the tool familiar to

them and besides there were more than enough variability they could handle. At present

however, problems that were not encountered before or have not come to the attention of the

breeders but have tremendous impact need to be solved. An example is the yield plateauing

in rice which has remained static since the released of IR8 by IRRI in the early 60's. The

newly released varieties have only an added advantage in terms of earlier maturity, resistance

to pests and diseases, and good eating and milling qualities. Since induced mutation has been

successfully used in generating numerous characters like male sterile and restorer mutants,

early mutants, dwarf mutants, disease and pests resistant mutants to mention a few, (the data

base compiled by FAO/IAEA in 1993 on released varieties showed that 1937 accessions

were recorded, 318 of which are rices, Maluszynski et al, 1995) characters needed to break

the yield barrier can be generated using this tool.

The need to increase yield particularly rice has become imperative because of the

strategic importance of this crop. It is practically consumed in all the countries of Asia and

the demand will continue to rise because of the rapid population growth. In the Philippines,

it is the staple food of over 80% of the population, 70% of which are directly dependent on it

for their livelihood.
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Background

The awareness that rice would remain the most important food crop made the early

breeders in the Philippines realized the need to improve the cultivars being planted then.

Most of the cultivars being planted during that time were introduction from foreign countries

like the United States of America, Vietnam, Thailand and Indonesia and their characteristics

were almost similar like their being tall, lodging, late maturing, low yielding (Table 1)

and some were photoperiod sensitive, thus planting was done only ones a year. The product

of the crosses using these cultivars was naturally also tall because of the absence of dwarfing

genes. An example was Raminad Str. 3, called Quezon Rice, one of the most popular

cultivars being planted in the early 50's which was a cross between Ramai and Inadhica.

Later on the Serrano rices like MILFOR 6(2) and MILFOR 44 which were product between

Milketan and Fortuna. These cultivars met the need in those days wherein the planting of

rice was not yet intensive. But the pressure to increase production due to population growth

necessitated characters that can increase yield like short plant stature and early maturity.

Short stature will not make the plant lodge even with heavy nitrogen application while early

maturity will make possible three harvest a year. It was fortunate that IRRI came up with the

first modern improved variety, IR8, which carried the dwarfing gene DGWG

(Dee-Geo-Woo-Gen). This breakthrough propelled the green revolution in which the yield

potential of IR8 has not been surpassed yet except by the hybrid rice technology pioneered

by China

The released of short and relatively early varieties met the need for nitrogen

responsive rice but like any other cultivar, they are not perfect. Developing varieties that

have all the desirable characters has always been the aim of any breeding activity.

Utilization of Induced Mutation

Induced mutation techniques had been utilized by many plant breeders much later in

altering one or two characters in an otherwise good variety. In the Philippines, the first

pioneering work using ionizing radiation was not for improving crops but to explore the

radio-sensitivity of the different rice varieties. Later on, Mr. Eugenio of the Maligaya Rice

Research and Training Center (Now PhilRice) irradiated Milagrosa, BE3, C4-63G and IR

27723 to improve them. This work resulted in advance breeding lines which were used in

crosses with other varieties.

The activity in rice mutation breeding was sustained when the International Atomic

Energy Agency granted a coordinated research program in rice using induced mutation to the

group of Dr. G. B. Viado, Dr. Pedro Escuro and Mr. Cada (PAEC-UPCA,BPI-MRRTC). This

grant resulted in two varieties named BPI-121-407 and BPI-10. After the termination of the
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grant, the Philippine Atomic Energy Commission continued the mutation breeding work not

only in rice but also in other crops first under the leadership of Dr. G. Viado, then under Dr.

Huminado Valencia and later on under Dr. Ibarra S. Santos. It was under the leadership of Dr.

Santos that PARC 2, Milagrosa Mutant, Bengawan Mutant, Azmil Mutant and other mutant

lines from other varieties/cultivars were developed. (Table 2).

It was at the time of Dr. Santos when IRRI released IR8 as variety. The popularity of

IR8 however was short live because its eating quality was not so acceptable to the consumers

and besides white belly was present making the grain cracks during milling, thus the

decision to improve it using induced mutation. The irradiation of JR8 resulted in three

outstanding mutants namely PARC 1, PARC 2 and PARC 3. PARC 1 was shorter
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Table 1. Yield of tie oli traditional oiltivars
Index No. Variety Average Yield(cav/ha)*

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Apostol
Canoni
Dinorado
Elon-elon
Fortuna
Guinangang
Kasungsong
Ketan Koetoek(G)
Khao Bai Sri
Kinawayan
Macan 1
Macau Baret
Macan Bino
Macan Cumpol
Macan San Miguel
Macan Santa Rosa
Macan Senora
Macan Tago
Magsanaya
Malagkit Sungsong
Mancasar
Milagrosa
Mimis
Pinili
Remelon 2
Raminad Str. 3
Seraup Besar 15
Seraup Kechil 36
Seraup Kechil 1485
Sipot
Taichu 65
Wagwag

40.22
22.00
35.30
53.12
46.00
36.10
50.42
54.32
42.30
32.10
39.42
28.26
28.10
28.90
31.91
32.28
35.70
27.16
39.34
39.72
33.78
47.64
34.32
35.34
45.26
55.60
59.32
54.44
2.04
29.36
27.22
48.36

Total 1,265.38
Ave.— 39.54

1 cav. =56 kg

Source: Felicisimo Serrano. 1975. Twenty-six years of rice research and development,

National Reaserach Council of the Philippines, Quezon City, Philippines.
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Table 2. Rice mutant-lines developed at the Philippine Nuclear Research Institute

Mutant Line Original Variety Method of
Mutation

Mutated Characters

PARC1

PARC 3

Mill

Mil 2

Mil 3

Mil 4

Mil 5

Mil 6

Azmil Mutant

BE3 Mutant
C4-63G Mutant-1

C4-63G Mutant-2
C4-63GTC50-1
C4-63G TC50-2
MS 41
MS 42

MS 43

PNBB30

PNBB31

PNBB 32

IR52M-1
IR52 M-2
DenoradoMut-1
Denorado Mut-2
Sin TC50

IR8-288-3

IR8-288-3

Milagrosa

Milagrosa

Milagrosa

Milagrosa

Milagrosa

Milagrosa

Azmil

BE3
C4-63G

C4-63G
C4-63G
C4-63G
Malagkit Sungsong
Malagkit Sungsong

Malagkit Sungsong

Perurutong NBB

Perurutong NBB

Perurutong NBB

IR52
IR52
Denorado
Denorado
Sinandoming

400 Gy gamma

400 Gy gamma

200 Gy gamma

200 Gy gamma

200 Gy gamma

200 Gy gamma

200 Gy gamma

200 Gy gamma

200 Gy gamma

300 Gy
10 Gy thermal
Neutrons
10 Gy thermal
50 Gy tissue-gamma
50 Gy tissue-gamma
300 Gy gamma
300 Gy gamma

300 Gy gamma

300 Gy gamma

300 Gy gamma

350 Gy gamma

300 Gy gamma
350 Gy gamma
300 Gy gamma
350 Gy gamma
50 Gy tissue-gamma

Longer grains, early,
short

Higher yield, lodging
resistant, bold grains
Short, long grains,

early
Short, long grain,

early
Short, long grain

early
Short, long grain, high

yield, early
Short, long grain, high

yield, early
Short, short grain,

early
Higher yield, drought
resistant, suscept.
to blight
Short, late maturing
Early, short

Early, short,
early
early

Early, higher yield
Short, very
early, higher yield
Very short, very

early
Early, higher

yielding
Early, higher

yielding
Early. Higher
yielding
Shorter
Shorter
Short, early
Short, early
Narrow leaves,early
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But yielded as well as the original IR8. PARC 3 on the other hand, yielded higher than ER.8

but had bolder grains and was susceptible to bacterial leaf blight and tungro .PARC 2 (Table

3) had longer grains, no white belly, moderately resistant to tungro virus and its eating

quality was comparable to that of C4-63G, a variety developed by Dr. ESCURO of U.P.Los

Banos.

Following the released of PARC 2 in 1973 was the approval of Milagrosa Mutant for

planting in 1974 by consensus. There were six mutants but only one had higher yield than

the original cultivar. This mutant had longer grains,short stature, and non-photoperiod

sensitive(Table 4).

Another variety that was released in 1983 was BPI-10. This was from a cross made by

MRRTC(PhilRice) between BE3-37-5 (Mutant) and BPI 121-407(Mutant). BPI 121-407

was a mutant derived from a 250 Gy gamma irradiation of BPI 121 or Raminad Str.3

popularly known as Quezon Rice. The main attribute of BPI Ri-10 was its improved grain

quality.

The following year, 1984, Bengawan Mutant was released. This came from the

irradiation of Bengawan cultivar introduced from Indonesia. This mutant was isolated from

300 Gy gamma irradiation. The main attributes of this mutant were its high yield, short plant

stature, and early maturity (Table 5).

Another variety that was developed by MRRTC (PhilRice) that was released in 1994

was PR22902. This was from a 250 Gy gamma irradiation of an unnamed variety. It was

high yielding and early maturing.

The latest success was the released of Sigadis- Milagrosa Mutant last year, 1999. This

is a product from a cooperative endeavor between PHILRICE and the Philippine Nuclear

Research Institute. It is now officially known as PSB Re 78 or PAMPANGA. This variety

was derived from a 250 Gy gamma irradiation of the original variety. It is high yielding with

3.7% yield advantage over IR72, the control. It is intermediate to diseases like blast,

bacterial leaf blight, sheat blight and tungro virus. As for its grain quality, it has intermediate

amylose content and the grains are long. It matures earlier than the original variety by 14

days (Table 6).

Irradiation of other varieties has also been going on and two of these are IR52 and

Denorado. The early radiation effects and chlorophyll mutaton rates can be seen in table 7,7a,

8 and 8a. Only the mutants from IR52 however, reached the yield testing stage because the

yield of the mutants from Denorado were not observed to be decent for testing.

The yield performance of the IR 52 Mutants are shown in table 9. It will be noted that

two mutants from 25 and 35 krad doses yielded as well as the original variety with one

mutant having its maturity reduced by nine(9) days. This mutant will be further tested. As of

now, it had been used already in crosses with other traditional cultivars like Denorado, Azmil
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and Azucena.

The successes mentioned above come mainly from seed irradiation. Other methods or

approaches were also employed to generate more variability like irradiating the Fl seeds,

irradiating the seeds first before callusing them and then regenerating the calli, or callusing

the seed first, irradiating the calli and the calli are regenerated into plants. In addition, the

mutants are utilized in crosses with other varieties/cultivars or their original parents to

incorporate the mutated desirable characters.
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Table 3. Comparative agronomic component of PARC 2 (Mutant) and the original

Yield Components PARC 2 IR8-288-3
1. Yield (t/ha)
2. Days to flowering
3. Mature plant height (cm)
4. Productive tillers
5.100 grain-weight (gm)
^ % Headrice______
Source: Rice Varietal Improvement Group, Phil. Seed Board, 1973.

Table 4. Comparative agronomic components of Mllagrosa mutant and the original
Cnlltau:

4.72
99
80
19
2.54
66.1%

4.75
104
75
16

2.60
56.1%

Yield Components
1. Yield (t/ha)
2. Days to flowering
3. Mature Plant Height(cm)
4. Productive Tillers
5.100 grain-weight (gm)
6. Panicle Length (cm)
7. Filled Grains

Milagrosa Mutants
3.3
115
112
13

3.5
22

102

Original Milagrosa
2.4
125
128
12

1.6
27

166
Source: Philippine Atomic Research Center and Maligaya Rice Research and Training

Center, Nueva Ecrja, 1982-83.

Table 5, Comparative agronomic components of Mutant Bengawan and the Original
Beagawan.

-Yield Components
1. Yield (t/ha)
2. Days to heading
3. Mature Plant Height (cm)
4. Productive Tillers
5.100 grain-weight (gm)
6. Panicle Length (cm)
7. Filled Grains

Bengawan Mutant
4.2
95
91
11
20.2
25

121

Original Bengawan
1.4
110
149

9
25.5
29.7
73

Source: Philippine Atomic Research Center and Maligaya Rice Research and Training
Center, Nueva Ecija, 1982-83.
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TabJe 6, Performance of Sigadis-Mfflagrosa Mutant compared with the original
CDltivarandIR72.

Parameters Sigadis-Milagrosa Original Cultivar IR72
____________ Mutant ___

4299
114
90
17
21.1
78.9
29.9
1.3
6.4

28.4
8.6
30.0
4.8 I/HI

8.1s
4.51
6.051
50.2 S

39.31
1.0 R
5.75 R
3.0 R
6.01
5.01

Source: Data taken from the NCT Trial across 10 locations.PHILRICE. 1995.

Yield (t/ha)
Maturity
Plant height (cm)
Productive Tillers
%Hull
% Brown Rice
% Head Rice
% Chalky
Grain Size (mm)

Phvsio-chemical Pro.
% Amylose
Crude Protein
Gel Consistency
Gel Temp.

Diseases
Blast
BLB
SHBOD
RTV(l)

Insects
Whiteheads
BPH1
BPH2
BPH3
GLH
YSB

4458
113
95
16
23.7
76.3
41.2
1.7
6.7

23.7
6.2
31.2
3 HI

6.71
4.41
5.61
39.01

41.5 MS
3.0 R
2.75 R
3.0 R
7.25 S
5.01

4213
127
99
16
21.27
79.19
42.75
61.19
6.5

6.6
55.0
3.0 HI

4.51
2.7 R
5.011
51.98 S

36.21
2.0 R
3.5 R
3.0 R
5.251
5.01

- 7 0 -



JAERI-Conf 2001-003

Table 7. Summary of early radiation effects of gamma irradiation in IR 52.
Treatment % Seedling Days to Panicle Total No. %

Germination Ht(cm) Heading Length of Grains Sterility
_ _ (cm)

0
25 krad
30krad
35 krad

78
91
87
86
ns

.3

.7

.7

.0

9.12 a*
10.89 a
8.04 b
6.60 b

87.4 d*
89.4 c
93.0 b
95.3 a2

26.9
26.8
26.8
6.8
ns

129.57
134.79
139.19
134.03

ns

14.85
32.06
37.33
53.14

* means having the same letters are not significantly different at 5% level (DMRT)
ns- not significant

Table 7a. M2 chlorophyll mutation frequency in IR 52 after gamma irradiation.
Treatment No. Studied No. of Ml No. of M2 % Chlorophyll Mutation

0
25 krad
30 krad
35 krad

Ml

102
102
90
90

M2
Seed-
Lings
6865
3133
3365
4359

Pits Segre-
gating

0
13
8
23

Pits. Segre-
gating

0
41
71
71

Ml Pits

0
12.75
8.89
25.56

M2 Pits.

0
1.31
2.11
1.63

Table 8. Summary of early radiation effects of gamma irradiation in Benorado.
Treatmen % Seedling Days to Panicle Total No. % Sterility

Germination Ht(cm) Heading Length Grains
(cm)

0
25 krad
30 krad
35 krad

76.33
73.33
71.33
57.33

a*
a
a
b

9.78 a*
6.57 b
5.02 c
2.87 d

97.53 c*
98.40 c
102.31b
105.40 a

38.04
36.82
36.92
36.71

ns

265.62
234.14
249.60
267.11
ns

26.12
71.67
80.27
87.03

* Means having the same letters are not significantly different at 5% level(DMRT).
ns - not significant

Table 8a. Chlorophyll mutation frequency in Penorado after gamma irradiation.
No. Studied No. of Ml Pits. No. of M2 Pits. % ChlorophyllMutation

Treatment Ml Pit M2 Seedling- Segregating Segregating Ml Pits M2 Seedlings
0 100 12,994 0 0 0 0
25 krad 100 5,154 13 43 13.0 0.83
30 krad 100 2,923 22 125 22.0 4.28
35 krad 100 1,876 9 29 SLO LS5
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Table 9. Yield performance of gamma irradiated IR52.

Entry Days to

Heading

1. IR52(25)-9 97

2. IR52(25)-11 97

3. IR52(25)-13 98

4. IR52(35)-14 87

5. IR52(35)-19 89

6. Cont,(IR52) 96

ns

Height

(cm)

77

80
80
79

77
80
ns

Productive

Tillers

21
21
20
20
22
20

ns

Panicle

Length

(cm)

25
24
24

25
24
24

No. of

Grains

114 b*

104 b

103 b

130 a

131a

107 b

% Steri-

lity

11.4

9.6
24.5

14.5

24.6

7.7

1000

Grain

wt(gm)

26.4 ab

27.1a

27.1a

25.8 be

25.0 c

26.9a

Yield

(t/ha)

5.2bc

6.0abc

4.6 c

6.2 a

4.6 c

5.5abc

cv=8.09%

*Means having the same letters are not significantly different at 5% level(DMRT).

ns= not significant

In the irradiated Fl seeds, promising results have been observed. For example in the

cross between C4-63G and IR1561-288-3 whose Fl seeds were exposed to 10 krad gamma

rays, six lines out of twelve entries tested had significantly higher yields than both the

parents and their maturities were not significantly changed (Table 10). In another cross

between Azmil and IR52 whose Fl seeds were similarly irradiated with 10 krad gamma rays,

three lines yielded as well as IR52, one of the parents.

The irradiation of seed and then callusing them or irradiatiation of the calli before

being regenerated had limited variability generated. In C4-63G, a reduction in maturity

by 4 days was the only beneficial effect in addition to yellowish-green plants. In

Sinandoming, narrow leaf mutants and pale green mutants were generated. In the other

cultivars, pale green leaves mutants were generated. In the other cultivars, pale green leaves

and various sterilities were the mutations observed except for Fortuna in which an early

mutant was isolated.

In the crosses using the mutants, exciting selections have been identified like black

hull lines which came from the cross between Denorado and Bengawan Mutant. Black hull

and aleurone were also selected from the cross between Denorado and Azmil Mutant. Most

of the lines are early, short and non-lodging. Their yields have yet to be tested however in a

replicated yield test..

Brown hull with black aleurone were likewise isolated from the cross between

Denorado and Azmil Mutant.

In the cross between Malagkit Sungsong Mutant and the original cultivar, good lines

were selected but with certain degree of sterility. In the cross between Milagrosa Mutant and

IR52, early, short and fine-grained selections are about to be yield tested.
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Induced mutation breeding in the Philippines is not limited to the use of physical

mutagen alone. The International Rice Research Institute has successfully induced mutant

lines resistant to tungro disease using N-Methyl-N-nitrosourea (Ikeda and Kobayashi, 1993).

They produced seven lines (7) resistant to both tungro baciUiform and spherical viruses from

IR22. These mutants are now being used as sources of resistance to this disease.

In another research, IRRI also utilized sodium azide in improving WAG-WAG

cultivar, a quality rice adapted to saline condition. Several promising mutants have been

identified to have good yields in addition to their having improved characters compared to

the original cultivar.

Future Prospects

The plateauing of yield in rice has created some kind of a problem that needs

concerted effort in order to solve it. Two solutions have been suggested and these are; the use

of hybrid rice which was pioneered by China and the New Plant Type proposed by IRRI. It is

an accepted fact that hybrid yields about 20-25% more than the conventionally bred ones and

yet farmers are not enthusiastic about its utilization because of buying the costly planting

material every time they plant and the almost strict requirement for growing it. The solution

offered is the development of Apomitic rice. Apomixes does not exit in rice although it is

common in other plants. If Apomix can be generated in rice or if it can be transferred to rice

from other plants through biotechnology, another round of yield increases after IR8 can be

expected. Since its existence is not yet available or if available already, developing other

apomitic rices will be an additional benefit. It has been reported that induced mutation will

play a big role in the development of other apomitic rices. The first apomitic strain was

selected from irradiated grain sorghum (Hanna et al,1970). Another facultative apomicts

were also developed from Pearl Millet following treatment of seeds with thermal neutrons

and diethyl sulfate (Hanna and Powel, 1973).

Another solution offered to solve the plateauing of yield is the New Plant Type. The

new plant type has only few tillers but with big and long panicle (panicle type). It is

estimated that an increase in yield of about 25-30% can be attained with this plant type

although IRRI aims to increase yield by 30-50%. IRRI expects to release this rice in 2004.

There is a claim though that the Indian farmers are already beneficiaries of this technology.

Induced mutation can be used to develop additional sources of this New Plant Type.

Another potential problem that is worth examining is the narrow genetic make up of

most released varieties and everybody knows the implication that this carries. The rice

industry may one day collapse due to a single disease or pest because of this. In the

Philippines or in almost every rice growing country, this problem exist since the source of
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dwarfing gene is solely DGWG similar to sdl.

Although there is now more than a dozen sources of dwarfing genes not allelic to sdl

(Malunszynski et al, 1985) they have not yet seeped into the breeding program of many

countries. In the Philippines, studies conducted by De Leon(1994) and Caldo(1996)

indicated that all varieties since the released of IR8 have narrow genetic makeup. All the

semi-dwarf varieties carry the DGWG gene from IR8, a gene identical to sdl.

The utilization of dwarfing gene not allelic to sdl should be studied carefully because

of some pleotropic effects. For example, sd4 gene reported by Rutger(1985) have 20%

reduction in seed size. Another example are lines Cl 11045 and Cl 11046 derived from

cultivar M5 which are non-allelic to sdl but have the tendency to show discolored hull at

harvest otherwise both have identical effects as sdl phenotypically.

At the moment, many dwarf mutants have been developed practically in all countries

and these are not being tested deliberately for allelism to sd4 and sd6 genes. It is high time

that these mutants should be tested for their allelism to the above genes so they can be

exploited if found to be non-allelic.
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Table 10. Grain yield and other agronomic characters of the purified selections from

the Cross between C4-63G and IR1561-288-3 whose F l seeds were

exposed to 10 krad gamma rays.

Line No.

13

14

15

16

17

18

19

20

21

22

23

24

C4-63G

Days to Flowering

96

103

102

103

98

101

101

101

96

98

98

96

103

IR1561-288-3 97

Height(cm)

89.9

74.8

75.7

58.4

73.3

73.4

82.3

57.1

82.5

90.4

75.3

85.5

68.2

56.7

Productive Tillers

14.2

16.7

16.5

17.7

17.1

16.8

14.2

17.0

15.4

14.7

15.3

12.0

13.8

16.4

Yield(t/ha)*

5.50 cde

5.90 abed

6.30 ab

6.55 ab

5.80 bed

6.15 ab

6.10 abc

6.70 a

4.80 e

5.75 bed

4.85 e

4.70 e

5.20 de

5.85 bed

* means followed by the same letter are not significantly different at 5% level(DMRT).
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4.4 Characteristics Commercially Recommending Sesame
Mutant Cultivars through Induced Mutations by Different

Sources of Radiation and Chemical In the Republic of Korea

Churl Whan KANG

National Crop Experiment Station
209 Sodiindong Suwon 441-100 Republic of Korea

INTRODUCTION
There were lots of paper published on the effects of chemical, radiational mutagens with

its duplicate treatments.

Most those investigations were about situation of germination, survived percent and the

other growth characters of young seedlings in Ml and M2 only.

Reports were rarely found on the effects of chemical and radiation mutagens touching

with in commercialized based varieties.

Sesame in Korea has been growing the fourth big acreage crop in the order of rice,

soybean, and hot pepper with 50,000 hectares, 500,000 farmers and 0.3 billion US $ income

in a year for sesame farmers.

The acreage of sesame has becoming grown 2.5 times larger than that of two decades

before as the results of excellent cultivars and PE film mulch technique newly developed

since 1978.

Mutation breeding was initiated at 1977 in the NCES and recommending cultivars were

mostly developed recent years. Those developed varieties are occupying majority of

Korean sesame acreage and much contributed to the New Variety Breeding Program of

Sesame in NCES and the farmers.

"Ahnsankkae", the first commercial recommending mutant variety was developed through

induced mutation by 200 Gy X-ray irradiation since 1977 and decided to recommending

cultivar in 1984. It occupied 35 percent at the first two years with its excellency of early high

ripenness, pure whiteness of seedcoat colour,diseases disaster tolerance and year constant

yielding. It is still cultivated 28 percent of national sesame farming area.

"Suwon 128", dwarf mutant bred through NaN3 induced mutations has been utilized as

- 78 -



JAERI-Conf 2001-003

one of important crossing parent since 1990 at the first year of RYT with its strong lodging

resistance, dense and lower first capsule set and dense planting adaptability toward

mechanized culture against typhoon under Korean summer monsoon atmosphere.

Seven commercially recommending mutant cultivars of sesame were compared on their

quantitative and qualitative characteristics depending upon passport data published on the

"Committee New Recommending Cultivars on the Crops" under the authority of RDA by

different mutagen sources of radiation and chemical in this paper.

However one thing felt at a loss in this time was that not to be preparing passport data of

original mother varieties of each recommending mutant cultivars for comparing their

changes of mass and qualitative characteristics from their original one by mutagen sources of

chemical and radiation but only the check varieties for comparing with, those. So, wish

allowing me postpone commenting with mother to any other time in the near future.
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teaching with deep and broad knowledge of breeding mutation. Also thanking to the staffs

of IAEA for their continuous concerns and helps for our breeding program of mutation

through the Research Coordination Program under the umbrella of the Agency.

Seven commercial mutant cultivars of sesame in Korea have been developed successfully

depending upon their deep contributions. It is hopefully expected for keeping close touch

toward development further advanced mutant cultivars of sesame under the authority of the

Agency in the future.

MATERIALS & METHODS

Gamma and X-rays were irradiated on the dried seed of mother variety of each

commercially recommending mutant cultivars by the range of 200 - 500 Gy since 1979.

Sodium azide(NaN3) was treated on the seed of mother commercial mutants by the range

concentration of 2 -30 mM and soaking hours of 2 - 3 0 under the condition of shaking

for airation with 4 hours pre- soaking water in the 4° C refrigerator and 20 hours soaking

water under room temperature before NaN3 treatment, and 6 hours wash by tab water.

And then dried seeds under shade and planted on the experimental field. Part of dried seed

s were planted and checked plant height, leaf length and withs of the fully developed first ma

in leaf at the second main leaf stage under the sand filled pot in the green house since 1984.
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RESULTS & DISCUSSION

Breeding sources of mutagen treatments and cross combinations of sesame recommending

mutants and their check cultivars were summerized in Table 1.

Table 1. Breeding source of recommending mutant cultivars developed in Korea.

No.

1

2

3

4

5

6

7

Varieties

Ahnsankkae
(1984) *

Danbaeckkae
(Check, Crossed)

Suwonkkae
(1991)

Ahnsankkae
(Check, DMRI)

Yangbaeckkae
(1994)

Chinbaeckkae
(Check, Crossed)

Fungsankkae
(1995)

Suwonkkae
(Check, IMRI)

Sodoonkkae
(1996)

Yangbaeckkae
(Check, DMCT)

Sungboonkkae
(1998)

Yangbaeckkae
(Check, DMCT)

Hansankkae
(1999)

Yangbaeckkae
(Check, DMCT)

Breeding Source

X-ray 200 Gy irradiated on Early Russian

Anthalya/Early Russian//PI195123

Kyum (Korean landrace)/ME-93-4
(X-ray irradiated mutant on Early Russian)

X-ray 200 Gy irradiated on Early
Russian

Sodium Azide(NaN3) 2mM2.5hrs treatment
on Danbaeckkae

Packchamkkae(Korean landrace)/Margo

Hansumkkae(Suwon9/Eariy Russian//
PI195123/DT-45(Determinate mutant y-ray
400GY)
Kyum(Korean landrace)/ME-94-4
(X-ray irradiated mutant)

Sodium Azide(NaN3) treatment on
Danbaeckkae

Sodium Azide(NaN3) 2mM 2.5hrs treatment
on Danbaeckkae

Gamma-ray 200 Gy on Hansumkkae
(Suwon 9/Early Russion//PI195123)

Sodium Azide(NaNs) treatment on
Danbaeckkae

MB-112-2-10(y-ray irradiated on Korean
landrace "Buan")/Ahnsankkae//Hansumkkae

Sodium Azide(NaN3) treatment on
Danbaeckkae

Remarks

Direct Mutant
Radiation Irradiated

(DMRI)

Indirect Mutant
Radiation Irradiated

(IMRI)

Direct Mutant
Chemical Treated

(DMCT)

Indirect Mutant
Radiation Irradiated

(IMRI)

Direct Mutant
Chemical Treated

(DMCT)

Direct Mutant
Radiation Irradiated

(DMRI)

Indirect Mutant
Radiation Irradiated

(IMRI)

Year Decided Recommending Variety for Farmers.
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Five radiationally and two chemically induced mutants were described by directly bred

through induced mutation and indirectly bred through crossing with unmutated varieties.

"Ahnsankkae" was one of the earliest mutant variety among all commercial

recommending mutants, may considered to be coming from the earliness of mother Early

Russian such as description in Table 2.

Table 2. Growth characteristics of recommending sesame mutant cultivars developed in

Korea.

No.

1

2

3

4

5

6

7

Varieties

Ahnsankkae
(DMRI*)
Danbaeckkae
(Check, Crossed) _j
Suwonkkae
(IMRI)
Ahnsankkae
(Check, DMRI)
Yangbaeckkae
(DMCT)
Chinbaeckkae
(Check, Crossed)
Pungsankkae
(MRI)
Suwonkkae
(Check, IMRI)
Sodoonkkae
(DMCT)
Yangbaeckkae
(Check, DMCT)
Sungboonkkae
(DMRI)
Yangbaeckkae
(Check, DMCT)
Hansankkae
(IMRD
Yangbaeckkae
(Check, DMCT)

Flowering
Date

July 7

M y 9

July 5

July 3

July 5

July 5

July 4

July 3

July 4

July 3

July?

July 5

July 8

July?

Maturing
Date

Aug. 21

Aug. 21

Aug. 15

Aug. 15

Aug. 23

Aug. 23

Aug. 23

Aug. 22

Aug. 24

Aug. 21

Aug. 22

Aug. 22

Aug. 24

Aug. 23

Plant
Height
(cm)

112

125

113

107

115

114

121

122

126

127

110

115

118

116

Length Capsule
Bearing Stem

(cm)

68

79

54

53

82

79

77

78

81

83

76

80

83

82

* DMRI: Direct Mutant Radiation Irradiated

IMRI: Indirect Mutant Radiation Irradiated

DMCT: Direct Mutant Chemical Treated
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Plant height was also difficult to say exact trend how the mutagenesis was moving by the

mutagen source of chemicals and radiations but could say there were effects of two direction

of one for elongation height induced by X and y- ray irradiation such as in "Ahnsankkae"

and "Sungboonkkae",respectively with taller than that of mother "Early Russian" and

"Hansumkkae". The other for shortening height induced mutation by sodium azide (NaN3)

was such as in dwarf mutant "Suwon 128" through its tall mother "Danbaeckkae".

Length capsule bearing stem was generally following trend of plant height of which taller

one with longer capsule bearing stem, and shorter one with shorter stem of capsule bearing.

Developed recommending mutants had relatively longer capsule bearing zone compared

with their plant height in general.

Number of branches per plant seemed to be moving toward increase in chemical, decrease

in radiation by the instances of turning to have 0.8 branches in "Yangbaeckkae" from which

NaN3 induced mutations none branched mother "Danbaeckkae", and turning to be few

branched "Sungboonkkae" induced mutations sby y-ray irradiation from its mother of 3.5

branched "Hansumkkae" and those were summerized in Table 3.

Number of capsules per plant and maturity seemed to move positive increasing through

induced mutations both of chemical and radiation.

1,000 grain weight of "Ahnsankkae" was belong to the smallest among all mutants and

"Yangbaeckkae" was the second one. Lighter grain weight was accepted by smaller grain

size and consumers favoured smaller because landraces had smaller sized grains in general

with its good quality.

"Suwonkkae" was considered the heaviest grain mutant variety in spite of its lightness com

pared to those of unmutated recommending cultivars. Experiences touching with seeds of mu

tants in the experimental field during years of decades indicates that there were certain positi

ve effects of making smaller in seed and capsule size with numerous number of capsules per

plant through induced mutations by both of chemical and radiation treatments.
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Table 3. Growth, yield characteristics and plant types of recommending sesame mutant

cultivars developed in Korea.

No.

1

2

3

4

5

6

7

Varieties

Ahnsankkae
(DMRI)
Danbaeckkae
(Check, Crossed)
Suwonkkae
(IMRI)
Ahnsankkae
(Check, DMRI)
Yangbaeckkae
(DMCT)
Chinbaeckkae
(Check, Crossed)
Pungsankkae
(IMRI))
Suwonkkae
(Check, IMRI)
Sodoonkkae
(DMCT)
Yangbaeckkae
(Check, DMCT)
Sungboonkkae
(DMRI)
Yangbaeckkae
(Check, DMCT)
Hansankkae
(IMRI)
Yangbaeckkae
(Check, DMCT)

Plant*
Type

BMB

NTB

NTB

BMB

FBTB

NTB

FBTB

FBTB

NTB

FBTB

NTB

FBTB

NTB

FBTB

No.
Branches/

Plant

5

0

1.1

3.4

0.8

0.3

0.6

0.5

0.3

0.6

0

0.6

0.1

0.1

No.
Capsules

/Plant

90

71

71

65

86

76

80

75

83

85

78

68

71

68

Maturity

(%)

-

-

83

81

68

66

75

73

75

73

84

79

85

83

1,000
grain wt.

(g)

2.2

2.4

2.91

2.60

2.48

2.81

2.7

2.8

2.72

2.66

2.67

2.66

2.79

2.63

* NTB : Non-branch, Tri-Capsules, Bi-Carpellates,
BMB : Branch, Mono-Capsule, Bi-Carpellates
FBTB : Few-Branch, Tri-Capsules, Bi-Carpellates

* DMRI: Direct Mutant Radiation Irradiated,
IMRI: Indirect Mutant Radiation Irradiated

DMCT: Direct Mutant Chemical Treated

Phytophthora blight tolerance was fartherly improved in "Ahnsankkae", X-

ray irradiated and also in "Suwonkkae" NaN3 treated, however negatively affected in "Sung

boonkkae" y-ray irradiated. Those were shown in Table 4.
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Lodging tolerance were generally appeared in all commercially recommending mutants
including "Sungboonkkae". Oil content were expressed partly increased in "Suwonkkae",
"Yangbaeckkae", "Pungsankkae", and "Sungboonkkae" but decreased in the other mutant
varieties compared to that of the checks. Linoleic fatty acid composition was higher in
"Ahansankkae", "Suwonkkae" and "Yangbaeckkae" but lower in the other mutant varieties
compared to that of the checks.
Oleic fatty acid composition was appeared reverse inclination compared to that of the
linoleic by the reason of minus correlationship between oleic and linoleic.

Table 4. Disease, lodging resistance and oil
cuMvars in Korea.

quality of recommending sesame mutant

No.

1

2

3

4

5

6

7

Varieties

Ahnsankkae
(DMRI)*
Danbaeckkae
(Check, Crossed)
Suwonkkae
(DMCT)
Ahnsankkae
(Check, DMRI)
Yangbaeckkae
(DMCT)
Chinbaeckkae
(Check, Crossed)
Pungsankkae
(IMRI)
Suwonkkae
(Check, IMRI)
Sodoonkkae
(DMCT)
Yangbaeckkae
(Check, DMCT)
Sungboonkkae
(DMRI)
Yangbaeckkae
(Check, DMCT)
Hansankkae
(IMRI)
Yangbaeckkae
(Check, DMCT

Phyto-
phthora

Blight (%)

10

25

5

20

7

8

14.4

15.0

8

13

11.0

10.7

16.3

16.7

Lodg-
ing
(%)

-

-

1.0
(0-9)
2.4

(0-9)

21

26

18.7

20.8

16

17

11.3

16.1

32.7

35.0

Oil
Content

(%)

-

-

53.8

52.7

54.1

52.8

51.9

48.4

-

-

50.7

49.5

51.3

51.5

Oleic
Acid
(%)

40.6

41.8

42.9

43.6

39.7

42.2

42.9

41.3

44.2

41.9

42.8

40.3

42.0

40.5

linoleic
Acid
{%)

46.9

46.1

43.4

40.6

46.9

44.9

46.5

47.4

43.9

45.1

44.6

47.2

45.4

46.7

O + L

87.5

87.9

86.3

84.2

86.6

87.1

89.4

88.7

88.1

87.0

87.4

87.5

87.4

87.2

* DMRI: Direct Mutant Radiation Irradiated

IMRI: Indirect Mutant Radiation Irradiated

DMCT: Direct Mutant Chemical Treated
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Table 5 indicates that the yield ability of recommending mutant cultivars on the

generations of yield performance trial (YPT) and regional yield trial (RYT). Each

recommending mutant cultivars outyielded over toward the check varieties by the merits of

numerous capsules, maturity, tolerance against disease and lodging, etc.

Table 5. Yield ability of yield performance (YPT) and regional yield trial (RYT) of

recommending sesame mutant cultivars in Korea.

No.

1

2

3

4

5

6

7

Varieties

Ahnsankkae
(DMRI)
Danbaeckkae
(Check, Crossed)
Suwonkkae
(DMCT)
Ahnsankkae
(Check, DMRI)
Yangbaeckkae
(DMCT)
Chinbaeckkae
(Check, Crossed)
Pungsankkae
(IMRI)
Suwonkkae
(Check, IMRI)
Sodoonkkae
(DMCT)
Yangbaeckkae
(Check, DMCT)
Sungboonkkae
(DMRI)
Yangbaeckkae
(Check, DMCT)
Hansankkae
(IMRI)
Yangbaeckkae
(Check, DMCT

OYT*

-

-

-

-

712

832

-

-

-

_

-

-

_

-

PYT"

-

-

601

407

1,200

438

399

330

1,370

1,045

770

597

830

653

AYT*"

820

700

770

740

976

408

1,247

1,049

447

290

1,290

1,210

402

343

RYT - '
Mono
910

(103)..
880

(100)
874

(104)
839

(100)
957

(109)
877

(100)
893

(109)
820

(100)
1,055
(110)
963

(100)
886

(112)
791

(100)
816

(102)
801

(100)

Second
710

(116)
610

(100)
815

(110)
738

(100)
902

(108)
836

(100)
902

(115)
783

(100)

-

880
(105)
841

(100)
867

(108)
805

(100)

( ) : Index

* Observational Yield Trial

** Preliminary Yield Trial

*** Advanced Yield Trial

* * * # Regional Yield Trial
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Growth and yield characteristics of NaN3 treated dwarf mutant variety "Suwon 128"

which was induced mutation in 1984 was shown in "Bible 6. cited from RYT in 1992.

Its plant height was reached only half of the check and the same situation was happened in

the height of first capsule set and length of capsule bearing stem. Dwarfness of "Suwon 128"

brought results of lodging resistance against typhoon of summer monsoon atmosphere and

well adaptibility toward mechanized dense planting for savings of labour cost.

Dwarfness was observed frequantly among descendants of pedigree generation by induced

mutations through NaN3 tretments in the experimental fields for a few decades.

Table 6. Characteristics of dwarf sesame mutant variety "Suwon 128" induced mutations

byNaN3.

Variety

Suwon 128

Chinbaeckkae

Plant
Height
(cm)
77

133

Height
First

Capsule
Set
16

31

Length
Capsule
Bearing

Stem
61

102

No.
Branch/

Plant

1.8

0.1

No.
Capsule/

Plant

140

98

No.
Grain/

Capsule

52.4

63.7

Variety

Suwon 128

Chinbaeckkae

1,000
Grain
Wtfe)
2.71

2.77

1 L
wt.

fe)
602

615

Maturity
(%)
66

78

Phytop-
hthora

(%)
35

7

Lodging
(%)
2

38

Yield
(kg/ha)
1,050

1,009

"Sungboonkkae", recommending mutant variety with 2.5 times higher content of

antioxydant sesaminol-3-glucoside compared to that of the check was developed through

induced mutations by yray 200 GY in 1988 and decided as a new recommending variety

M998.(Table7)

Table 7. Composition of high sesaminol mutant recommending cultivar of sesame

"Sungboonkkae".

(1997 NCES mg/lOOg)

Varieties

Sungboonkkae

Yangbaeckkae

Sesaminol-3
glucoside

87

36

Sesamin

582

525

Tocopherol

21

17
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All the seeds multiplicated in 1999 were planted 20 ha of fanner's field in Pyungtaeck City

in 2000 summer season. It was contracted with the food company by higher price compared

to that of normal one and 10 percent of total price prepaid before planting by the reason of

not only high quality of antioxydant but also mild taste of long remaining of sesame aroma

in the mouth tongue compared with the Korean landrace which was considered traditionally

best quality and taste by the consumers of sesame.

"Sungboonkkae" had not only higher content of sesaminol-3-glucoside but also higher in

that of sesamin and tocopherol which acted also postponing against oxydization like

sesaminol even though not stronger as much as sesaminol.

Acreage and its occupation of commercially recommending sesame mutant varieties of

among the whole national area were summerized in Table 8.

Table 8. Acreage and percent occupation of recommending mutant cultivars of sesame in

Korea.

(1999 RDA)

Varieties

Sungboonkkae
Sodoonkkae
Pungsankkae

Yangbaeckkae
Suwonkkae
Ahnsankkae

Total

Nation All

Year
Released

1998
1996
1995
1994
1991
1984

-

-

Acreage
(ha)
20
34

755
848

2,989
13,759

18,405

48,960

Occupation
(%)
0.1
0.1
1.5
1.7
6.1

28.1

37.6

100.0

* Commercial mutant "Hansankkae" was starting spread seed in 2000 through deciding

as a new recommending variety in 1999.

Acreage of commercialized mutants were 18,405 ha among all 48,960 ha of nationwide

acreage based upon the data investigated in RDA Research Extension Bureau,1999.

Its occupation among all the country reached to 37.6 percent. If we delete 20 percent of Ian

drace acreage among all the nation, that percent meant that commercialized mutants occupie

d half of the bred cultivars spreaded to the farmers during past several decades under the urn

brellaofRDA.
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ABSTRACT

Seven recommending commercial mutant cultivars developed by sesame research

team of the NCES for two decades were compared with quantitative and qualitative

characteristics by different mutagen sources of radiation and chemical.

Radiation of X or y-ray generally affected toward elongation plant height while

shortening in that of the chemical NaN3. Length capsule bearing stem went with the

inclination of plant height.

Number of branches per plant decreased by radiation while increased by NaN3.

Number of capsules per plant and maturity seemed to positively increasing by

radiation and NaN3.

1,000 grain weight and capsule size were reduced by radiation and NaN3.

y-ray 200 GY induced mutaant of 2.5 times higher content of antioxydant sesaminol-3-

glucoside in the commercially recommending sesame mutant variety "Sungboonkkae"

Acreage of commercialized mutants occupied 18,405 ha among all 48,960 ha of

national sesame growing area.

The acreage of 18,405 ha of mutant occupied 37.6 percent among all and being half of

the total bred varieties developed including cross and mutation breeding by exception of 20

percent landrace areas of all national acreage.
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ABSTRACT

Most research on the use of physical and chemical mutagens for crop improvement in Indonesia
are carried out at the Center for Research and Development of Isotopes and Radiation
Technology, National Nuclear Energy Agency (BATAN). At the plant breeding section of this
center, much progress has been achieved in term of facilities set-up (gamma irradiators,
laboratory, greenhouse and experimental fields), manpower and expertise development.
Mutation breeding activities were initially started in rice in 1972, in attempts to improve the
protein content of rice grain. During this earlier time, researches on detecting more effective
mutagen treatments, using physical and chemical mutagenesis, were conducted in different plant
species. The use of chemical mutagens have recently been very limited and it tends to be
abandoned simply because of its unpractical treatment procedures working with it and less
effective results. Nowadays, most induced mutations in plant breeding are primarily dependent
on the use of physical mutagen i.e. gamma irradiation which is emitted from Cobalt-60 source.
The effective use of gamma irradiation in plant breeding has been proven by results of finding
useful mutant varieties for the country level. Major achievements were the release of some
mutant varieties by the Department of Agriculture of Indonesia. These mutant varieties included
6 varieties for rice, 3 for soybean, and 1 for mungbean. Meanwhile, some promising mutant
lines of other important crops such as peanuts, sorghum, banana, onions etc. are now being
investigated in the field experiments. The effective use of gamma irradiation seems to vary
between crop species or varieties being investigated. Experiences on breeding food crops,
restricted on self-pollinated crops, the effective dose treatments of gamma irradiation on the
seed materials were found to vary between 10-30 Gy. Some experiment results on the use of
physical and chemical mutagens for crop improvements are discussed here in this paper.
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INTRODUCTION

In plant mutation experiments, for years the main efforts have been directed towards detecting
more effective mutagen treatments. A considerable part of the economically important mutants
that gave rise to recommended cultivars were by-products of basic studies on mutagenesis.
These were identified as mutants because of some easily recognizable, mostly on morphological
change, and their value for breeding was frequently observed by chance. In comparing the
effects of different mutagenic agents, the term effectiveness and efficiency are usually used.
Effectiveness is defined as the number of mutations produced per unit of dose (Van Harten,
1998). When two treatments with mutagenic agents induced the same frequency of mutations,
these agents are said to show the same mutagenic effectiveness at the given dose. Efficient
mutagenesis implies the wish to produce desirable changes free from association with
undesirable effects (Konzak et al., 1965). Hence, efficiency can be defined as the ratio of
specific desirable mutagenic changes to undesired effects (like plant damage, sterility or
lethality).

The practical breeder is mainly interested to know about the availability of certain radiation
facilities or effective mutagenic agents, and in which way they should be handled in order to
create optimal conditions for inducing mutations. Mutagenic agents are classified into two
groups i.e. chemical and physical mutagens. The first chemical mutagens discovered was
mustard gas. This compound is an example of a large class of chemical mutagens that can
transfer alkyl groups to the base in DNA. Thus, they are called alkylating agents (IAEA, 1977).
The most common alkylating agents used in inducing mutations in plants is
Ethylmethanesulfonate (EMS).

Physical mutagens consists of various types of radiation, basically belonging to two different
categories. The first category is X-rays and y-rays which normally are considered to travel in
waves and belong to the electromagnetic spectrum. The second one is radiation types consisting
of moving particles like protons, neutrons and electrons which is also indicated as corpuscular
radiation (Van Harten, 1998). For mutation induction use is often made of high energy types of
radiation, which produce discrete releases of energy, called ionizations, as they pass through a
matter. In practice, nowadays, most often use is made of sparsely ionizing radiation to which
category X-rays and y-rays belong. X-rays and y-rays are electromagnetic radiations and have
energy level that is high enough to ionize atoms in molecules with which they interact, y-rays
have shorter wavelengths, but otherwise are identical with X-rays with respect to their physical
properties.

Among those physical mutagens, y-rays have so far been used intensively in the research of
mutation breeding with the objectives of improving agronomic characteristics and/or quality of
different crop species in Indonesia. Most research on the use of y-rays for crop improvement are
carried out at the Center for Research and Development of Isotopes and Radiation Technology,
National Nuclear Energy Agency (BATAN). At the plant breeding section of this center, much
progress has been achieved in term of facilities set-up (gamma irradiators, laboratory,
greenhouse and experimental fields), manpower and expertise development. Mutation breeding
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activities using y-rays was started in rice in 1972, initially in attempts to improve the protein
content of rice grain. During this earlier time, studies on comparing the effective use of y-rays
and chemical mutagen (EMS) have also been reported. Some experimental results are discussed
here in this paper.

MATERIALS AND METHODS

Different crop species had been studied in their responses to mutagenic agents with various dose
treatments. These crop species included rice, soybean, mungbean, sorghum, peanut, spinach,
banana, onions etc. The treatments with chemical mutagens were represented by
Ethylmethanesulfonate (EMS) and those of physical mutagens were represented by gamma
irradiation (y-rays). The y-rays were emitted from Cobalt-60 source installed inside the gamma
chamber.

From its beginning, research on mutation breeding in Indonesia was focused on self-fertilizing
crops such as rice, soybean and mungbean. However, vegetatively propagated crops such as
ginger, patchouly, banana, sweet potatoes etc. had also been included in the research program
afterwards. Nowdays, combinations of in-vitro cultures and mutation techniques are applied in
both self-fertilizing and vegetatively propagated crops.

In early studies in 1972, an experiment on the comparison of mutagens was conducted by using
y-rays and EMS in rice (BATAN, 1974). The objective of this experiment was to study the
effective use of those mutagens in rice breeding. Two rice varieties i.e. PB-5 and Syntha were
included in the experiment. The dose level treatments of y-rays used were 20 and 30 krad and
those of EMS were 1.0 and 1.5 %, respectively. These mutagen treatments were subjected to the
seeds of rice with water content of about 12 %. y-rays treatment was given directly to the seed.
For treatments with EMS, the rice seeds were firstly soaked in the water for 28 hours before
being treated with EMS. The EMS treatments were done by soaking the seeds in the EMS
solutions with concentrations of 1.0 and 1.5 % respectively, for one hour. Rinsing the seeds was
done with tap water for 4 hours and then they were dried out for 5 days before sowing. The Ml
plants were harvested individually and then were sown again as M2 plants. A number of M2
plants were selected based on a variable of protein content. The original variety PB-5 and
Syntha were used as control varieties in selection processes.

Another experiment on studies of physical and chemical mutagen treatments were conducted in
spinach plant (Amaranthus sp) in 1989 (Setyawati, 1989). Two spinach varieties i.e. Maxi and
Kakap were included in this experiment. The physical mutagen was represented by y-rays and
chemical mutagen by EMS. The dose level treatment of y-rays were 35 and 45 krad, and those
of EMS were 0.15 and 0.30 M, respectively. The dose treatments of the two mutagens were
given to the spinach seeds. Type of mutations in forms of chlorosis, albino, modified pigment
etc. were observed and their frequencies were recorded in the M2 generation after treatment.
Data analysis were done by the computer program MSTATC (Bricker, 1989), using the method
of orthogonal contrasts to compare between treatments.
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Since 1980, much works in plant mutation breeding have been primarily dependent on the use of
physical mutagen i.e. gamma irradiation (y-rays) which is emitted from Cobalt-60 source.
Intensive works in breeding crops using y-rays had been practiced in rice, soybean, and
mungbean since then. The breeding objectives were mostly to improve some varieties of these
crops with regards to their agronomic characteristics and quality. The dose level treatments of y-
rays were given directly to the seeds of these crops. Chlorophyll mutation and other
physiological changes were usually observed in the Ml generation after y-rays treatments.
Selections and screening plants having desirable agronomic characteristics and quality were
started in the M2 and continued in the next successive generations. When homozygous mutant
lines had been identified, the breeder continued to test the mutant lines in multi locations and
multi seasons. Factorial design was usually applied in order to study the interactions between
the mutant lines, locations, and seasons. Some mutant lines showing improved agronomic or
quality characteristics from the tests were then submitted for release as new varieties.

RESULTS AND DISCUSSION

The results of early studies in comparing the effects of physical mutagen (y-rays) and chemical
mutagens (EMS) in rice is presented in Table 2 (BATAN, 1974). Actually, this work was
carried out under IAEA Research Coordination Programs (Ismachin et al., 1972) with the
objective to improve protein content of rice grain.. Plant selections were based on the protein
content and the selections were done in the M2 and M3 generations. Plants having protein
content higher than the control (original variety) were selected and harvested separately. Results
indicated that a number of mutant lines having high protein content was identified in the M2
(Table 2), but none was submitted for release as a new variety. Field evaluations confirmed that
protein content in rice grain was very much influenced by environmental factors such as
heterogenity of soil fertility, amount of applied nitrogen fertilizer etc. (Ismachin et al., 1984).

The effective use of the mutagens can be seen on the numbers of selected M2 plants as shown in
Table 2. y-rays seem to be more effective to induce mutations in PB-5 variety than that of
Syntha variety with percentage of selected M2 plants of about 0.60 to 1.00 % for PB-5 and 0.15
to 0.19 % for Syntha. EMS treatments on PB-5 (0.19 - 0.22 %), on the other hand, gave less
number of selected M2 plants compared that on Syntha (0.19 - 1.25 %). Further evaluations of
these selected M2 plants for the protein content in the next generations, however, gave no
promising mutant lines for being submitted for release as a new variety. Along with the
selections for high protein content, however, there were also found three mutant lines showing
earlier in maturing than the original varieties. Unfortunately, these mutant lines were damaged
by brown plant hopper and bacterial leaf blight that was the main pest and disease for rice at that
time.

The other works using y-rays alone with the dose level up to 30 krad had resulted a number of
mutant lines having improved agronomic characteristics compared to that of the original
varieties. Among of the mutant lines were those with the breeding number 627/4-214/PsJ and
627/10-3/PsJ. These mutant lines were submitted for official release in 1982, but only the

- 9 3 -



JAERI-Conf 2001-003

former was officially approved as a new variety with the name of Atomita-1 (Table 1). This
mutant variety has good grain quality, early maturing, high yielding, resistant to brown
planthopper biotype 1 and green leafhopper. The drawback is that this variety was susceptible to
planthopper biotype 2. Therefore, this variety was not grown widely since its release due to
endemic situation of planthopper biotype 2 in the field (Mugiono et al., 1995). Following the
release of Atomita-1, another mutant line number 627-5/PsJ was also officially released as a new
variety in 1983 with the name of Atomita-2 (Table 1). Beside having agronomic characteristics
similar to that of Atomita-1, Atomita-2 was also highly tolerant to salinity. Thus, this mutant
variety has become a valuable source of salinity tolerance. It was reported that this mutant
variety had been successfully used in hybridization in Vietnam. The "GB" variety released in
Vietnam in 1986 was developed from crossing Atomita-2 with IR-42 (Maluszynski et al., 1994).

The effective use of chemical and physical mutagens in inducing mutations was also studied in
spinach (Amaranthus sp) in 1989 (Setyawati, 1989). Observed phenotypic mutations in the M2
in forms of chlorosis, albino, modified pigment etc. were observed and their frequencies were
recorded (Table 3 for the Maxi variety and Table 4 for the Kakap variety). Statistical analysis in
these data found that the two varieties of spinach i.e. Maxi and Kakap gave significantly
different responses to the mutagenic treatments. In general, mutation frequencies in Kakap
variety was higher than that in Maxi variety.

Analysis of variance for the variable mutation frequency in Kakap variety found that there was
highly significant difference between the mutagenic treatments (F value = 16.917 and p < 0.01).
Further analysis using orthogonal contrast confirmed that the responses of y-rays and EMS
were significantly different (F value = 6.712 and p = 0.012). Results of the analysis also told
that the treatments with y-rays gave higher mutantion frequency in the M2. y-rays with the dose
of 45 krad gave the highest mutation frequency while EMS with the dose of 0.15 M gave the
lowest.

Analysis of variance for the variable mutation frequency in Maxi variety found that there was no
difference between the mutagenic treatments ( F value = 1.247 and p = 0.3015). By using
orthogonal contrast analysis, however, the data gave significantly different between y-rays and
EMS treatments (F value = 10.202 and p = 0.002). There was no difference between the dose
levels used within y-rays and EMS tretments. In average, y-rays gave higher mutation frequency
in the M2 than EMS.

Beside in rice and spinach, studies on the effective use of chemical and physical mutagens were
also done in other crops including soybean, mungbean, sorghum etc. Up to now, however, none
of the mutant variety for any crop species is resulted from induced mutations using chemical
mutagen. Therefore, the use of chemical mutagens have been very limited and now it tends to be
abandoned because of its unpractical procedures working with it and less effective/efficient
results. Since 1990, much works in mutation breeding were primarily dependent only on y-rays
as source for inducing crop genetic variability. The effective use of y-rays in plant breeding has
been proven by results of finding useful mutant varieties for the country level. Major
achievements were the release of some mutant varieties by the Department of Agriculture of
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Indonesia (see Table 1). These mutant varieties included 6 varieties for rice, 3 for soybean, and
1 for mungbean. Some promising mutant lines of other important crops such as peanuts,
sorghum, banana, onions etc. are now being investigated in the field experiments. The effective
use of gamma irradiation seems to vary between crop species being investigated. Experiences on
breeding food crops especially on self-pollinated crops, the effective dose treatments of gamma
irradiation on the seed materials were found to vary between 10-30 Gy.

Information about the effective dose treatments are of importance for the use of physical and
chemical mutagens in crop improvements to be effective and efficient. According to some
literatures, the number of mutations induced depends on the radiation type, the applied dose and
the dose rate. The plant species, the ploidy level, differences in developmental stages,
physiological conditions etc. may be the cause of differences in response to irradiation. Such
differences are indicated with the term radiosensitivity. Environmental factors affecting cell
physiology like temperature, oxygen content, water content etc. may have a modifying effects
on the outcome of radiation treatments. This underlines the importance of making detailed
records when mutation experiments are performed. Another important thing is that a distinction
must be made between the term dose and absorbed dose. The dose refers to the energy emitted
by a source. The absorbed dose is the amount of energy that is transferred by a radiation
treatment from the source to the irradiated object and that is observed by this object. The dose
rate is the rate at which a given dose is administered. When measured at the target level, the
dose rate indicates how much energy is absorbed by the irradiated material (e.g. seeds, cuttings)
during a given unit of time.

CONCLUSIONS

Physical and chemical mutagens can be used in plant breeding in order to help increase genetic
variability of the plants. The effective use of these mutagens will depend on many factors such
as type of mutagens, the dose and dose rate, plant species or varieties, plant materials,
environmental conditions during the treatments etc. From experience in breeding food crops,
working with physical mutagen (v-rays) was found to be less laborious but more effective in
producing desirable mutant varieties than that with chemical mutagen (EMS).

The effective use of y-rays in plant breeding has been proven by results of finding useful mutant
varieties for the country level. Some mutant varieties of rice, soybean, and mungbean resulted
have officially been released by the Department of Agriculture of Indonesia. Meanwhile, some
promising mutant lines of other important crops such as peanuts, sorghum, banana, onions etc.
are now being investigated in the field experiments. The effective dose treatment of 7-rays
seems to vary between crop species being investigated. For rice, soybean and mungbean the
effective dose levels of y-rays were found to vary between 10-30 Gy.
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Table 1. Mutant varieties of rice, soybean, and mungbean released by the Department of
Agriculture of Indonesia.

No,
Name of Mutant

* - > " Variety'-
Year of
Release Official Documents ^ ~ _ ~ , .

Rice

1.

2.

_3. |

4.

5.

6.

Atomita-1

Atomita-2

Atomita-3

Atomita-4

Sirugjntung

Cilosari

1982

1983

1990

1991

1992

1996

SK Mentan No. 879/Kpts/Um/12/1992

SK Mentan No. TP.240/369/Kpts/Um/6/83

SK Mentan No. 582/Kpts/TP.240/8/90

SK Mentan No. 97/Kpts/TP.240/3/1991

SK Mentan No. 606/Kpts/TP.240/ll/92

SK Mentan No. 632/Kpts/TP.310/7/1996

Soybean

i-i

2.

3.

Muria

Tengger

Meratus

1987

1991

1998

SK Mentan No. 18/Kpts/TP.240/l/1987

SK Mentan No. 106/Kpts/TP.240/3/1991

SK Mentan No. 899/Kptsm'.240/ll/98

Mungbean

1. Camar 1991 SK Mentan No. 109/Kpts/TP.240/3/1991

Table 2. Number of plants in the experiment of using EMS and y-rays in bleeding rice variety
PB-5 and Syntha.

l~Mutagenic?j4'
^'Treatmentei
Gamma rays

20krad
30krad

EMS
1.0%
1.5%

&£, Ml. GenerationSS
:ilPB-5/&

295
60

301
418

'- -Syntha**

45
59

16
74

if;M2^Geneiati6n:5*;

894
180

903
1254

iSyntha*

131
160

48
209

SipKSelected M2*lantsSSSf

54 (0.60 %)
18 (1.00 %)

17 (0.19 %)
42 (0.22 %)

«iSynth^ia|

2 (0.15 %)
3 (0.19 %)

6 (1.25 %)
4 (0.19 %)
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Table 3. Observed mutation frequency in the M2 after y-rays and EMS treatments on spinach
(Amaranthus sp) seeds of Maxi variety.

^"MutagemeTiy
;>Y Treatments^ t
y-rays 35 krad

^ l ^ l a n t .
dumber-

1
2
3
4
5
6
7
S
9
10
11
12
13
14

^Number of M2A

- ''Plants""-,'1

104
116
153
181
74
65
42
38
97
83
109
78
103
40

<No. of Observed*-
rMutations-- -

2
1
1
2
2
1
1
2
1
1
3
2
1
1
Average

y-rays 45 krad 1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

138
91
156
188
257
147
184
249
254
39
52
86
70
98
134
183
196
186
164
159
181
102
141
140

2
11
1
1
2
5
1
1
2
1
1
2
2
3
3
5
2
1
1
2
4
1
5
3

v-» Mutations-^
Frequency (%) _'

1.92
0.86
0.65
1.10
2.78
1.54
2.38
9.26
1.03
1.20
2.75
2.56
0.97
2.50

2.25 ± 0.52
1.45
12.09
0.64
0.53
0.78
3.40
0.54
0.40
0.79
2.56
1.92
2.33
2.86
3.06
2.24
2.73
1.02
0.54
0.61
1.26
2.21
0.98
3.55
2.14

Average2.11 ± 0.39
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EMS 0.15 M 1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

auiVi

97
70
71
54
70
80
32
75
67
82
94
73
68
81
72

1
1
0
1
2
1
1
0
0
1
2
0
1
1
0
Average

EMS 0.30 M 1
2
3
4
5
6
7

52
176
147
125
102
142
112

2
5
3
4
2
5
1
Average

1.03
1.43
0.00
1.85
2.86
1.25
3.13
0.00
0.00
1.22
2.13
0.00
1.47
1.23
0.00

1.17 ±0.50
3.85
2.84
2.04
3.20
1.96
3.52
0.89

2.61 ±0.73
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Table 4. Observed mutation frequency in the M2 after y-rays and EMS treatments on spinach
(Amaranthus sp) seeds of Kakap variety.

ssTieatmgnts^j
y-rays 35 krad

i$umit>lC
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

flflliSPlaritsS^
64
68
60
65
57
72
78
96
53
56
58
95
110
69
103
78

^J^fjpbseped
SS?&tati63ttS'Pi,

3
4
1
3
6
2
2
2
5
3
0
8
7
6
1
2
Average

y-rays 45 krad 1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

66
52
61
67
47
65
74
57
42
65
68
72
72
74
63

10
7
7
6
9
7
8
5
2
5
13
8
5
11
7
Average

:i;Er^uenJcy-(9&|S
4.69
5.88
1.69
4.62
10.33
2.78
2.56
2.08
9.43
5.36
0.00
8.42
6.36
8.70
0.97
2.56

4.78 ± 0.96
15.15
13.46
11.48
8.96
19.15
10.77
10.81
8.77
4.76
7.69

20.59
11.11
6.94
14.86
11.11

11.71 ± 0.99
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! Zvlu&ge&k;

EMS 0.15 M 1
2
3
4
5
6
7
8
9
10
11
12
13
14

108
53
89
63
101
76
42
67
91
117
111
106
114
75

5
3
3
0
0
1
4
0
3
3
3
1

T-l

1
Average

EMS 0.30 M 1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

87
76
93
92
98
110
99
78
79
112
85
113
92
137
91

6
9
10
11
9
8
7
9
6
4
4
3
15
6
18
Average

4.63
5.66
3.37
0.00
0.00
1.32
9.52
0.00
3.30
2.56
2.70
0.94
0.88
1.33

2.59 ± 1.03
6.90
11.84
10.75
11.96
9.18
8.00
7.07
11.54
7.59
3.57
4.71
2.65
16.30
4.38
19.78

9.08 ±0.99

- 1 0 0 -



JAERI-Conf 2001-003

REFERENCES

BATAN. 1974. Activity Reports 1973-1974. Pasar Jumat Research Center, National Atomic
Energy Agency of Indonesia.

Bricker, B. 1989. User's guide to MSTAT, a software program for the design, management, and
analysis of agronomic research experiments. Michigan State University.

IAEA. 1977. Manual on mutation breeding. Tech. Rep. Ser. No. 119. Sec. Ed. Joint
FAO/IAEA Div. of Atomic Energy in Food and Agriculture. 287 pp. ISBN
92_0_115077_6.

Ismachin, M. and Hendratno, K. 1972. Mutation Breeding Project - National Atomic Energy
Agency. Proceeding of Mutation Breeding Symposium, Jakarta 7-8 August 1972.

Ismachin, M. and Mugiono. 1984. Possible variability in rice protein due to environmental
conditions. Proceeding of Research Coordination Meeting "Cereal grain protein
improvement", Vienna, Austria (1984).

Konzak, C. F., Nilan, R. A., Wagner, J., Foster, R. J. 1965. Efficient chemical mutagenesis. In
The use of induced mutations in plant breeding (Report FAO/IAEA Technical Meeting,
Rome, 1964), Pp 49-70. Oxford: Pergamon Press.

Maluszynski, M., Amano, E., Ahloovalia, B., Van Zanten, C , and Sigurbjornson, B. 1994.
Mutation techniques and related biotechnologies for rice improvement. Seventh Meeting
of the Inter Program of Rice Biotechnology, Bali, Indonesia, May 16-20,1994.

Mugiono and Hendratno, K. 1995. Present status of rice mutation breeding in Indonesia. INCC-
JAIF Workshop on Cereal Crop Mutation Breeding - Regional Nuclear Cooperation in
Asia, Manila, The Philippines, October 9-15,1995.

Setyawati, A. S. 1989. The effects of gamma rays and ethilmethanesulphonate (EMS) in spinach
(Amaranthus sp). Post Graduate Theses, Bogor Agricultural University. Indonesia. 50pp.

Van Harten, A. M. 1998. Mutation Breeding: Theory and Practical Applications. Cambridge
University Press. 353p. ISBN 0 52147074 9.

- 1 0 1 -



JP0150431
JAERI-Conf 2001-003

4.6 Progress of Mutation Breeding in Thailand ^

Watchara PurivirojkuJ ^ and Pradab Vithayatherarat

Introduction

Thailand has been recognized as a rice land. The harvested rice field is about 9.8
million hectares or 47 % of the total agricultural area of the country. Rice is important in
providing national security and national income. From the amount of 23 million tons paddy
production, about 2/3 is utilized for domestic consumption and the rest is exported. Rice
cultivation in Thailand is classified into 4 ecosystems, which have been defined on the basis
of water regime : irrigated lowland rice, rainfed lowland rice, upland rice, and flood prone,
accounting for 14 %, 69%, 3% and 14% of paddy field, respectively (Somrith and Chitrakon,
1992). Almost of the total rice production is produced during wet season under different
environments. The average yield of the country is 2 t/ha. which seems to be quite low, dues
to many constraints such as diseases, insect pests and a biotic stresses. This is the reason
why the objectives in rice improvement are not only for high yielding and good grain quality
but also for resistance to diseases and insects and tolerance to a biotic stresses. The great
advances in rice breeding have been made by conventional breeding method and this is likely
to continue. However, mutation breeding has considered to be the effective additional tool in
rice breeding program in Thailand.

Mutation studies with rice have been carried out for many years. The first attempt to
utilize induced mutation for Thai rice improvement was in 1955 by Dr.G.K.Middleton from
USOM (Khambanonda, 1971). The Seeds of two Thai traditional varieties, Khao Tah Haeng
17 and Nahng Mon S-4 were sent to the Brookhaven National Laboratory in U.S.A. for
irradiation to improve plant type and disease resistance, but there was no any report about the
success. In 1961, 3 traditional varieties, Khao Tah Haeng 17, Khao Bue Nam and Puang
Nahk 16 were irradiated to induce blast resistance by using gamma rays from 60Co source at
Kasetsart University but the result was not satisfied. Rice mutation breeding in Thailand has
taken on prominence since the start of FAO/IAEA coordinated program of research on the
use of induced mutation for rice improvement. In 1966, IAEA sent Dr.A.T.Natarajan to
assist in the irradiation work, and the chemical mutagen, EMS (Ethyl Methane Sulfonate)
was first used. In 1970, Dr.T.Kawai, the expert from IAEA was sent to advise in using
gamma rays, fast neutron and chemical mutagens, EMS and El (Ethylene Imine) for mutation
works.

The first prominent success in rice mutation breeding was achieved by officially
released of the variety RD6 in 1977 (Somrith 1998). RD6 is the radiation-induced glutinous
mutant of the popular non-glutinous rice variety Khao Dawk Mali 105 (KDML 105)
developed through gamma rays irradiation. The mutant variety has higher yield potential and
more resistant to blast disease than the original variety KDML 105, while the other important
characters of the original variety such as good cooking and eating quality, aroma,
photoperiod sensitivity and drought tolerance are maintained in the
u Paper presented at seminar on "Methodology for Plant Mutation Breeding for Quality

effective use of Physical/Chemical Mutagens. Oct. 9-13, 2000. Hanoi, Vietnam.

^ Breeders, Pathumthani Rice Research Center.
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mutant. Presently, RD6 is widely grown in north and northeast of Thailand. In 1978,
another mutant variety, RD15, derived from gamma rays irradiation of KDML105 was
released to farmers. It is a non-glutinous rice as the original variety but matures
approximately 10 days earlier and the height is about 15 cm. Shorter compared to
KDML105. RD10, the third mutant variety and the first photoperiod insensitive mutant was
released to farmers in 1981. It is a glutinous rice derived from fast neutrons irradiation of the
non-glutinous rice variety RD1. RD10 was recommended to grow in irrigated area in the
north and northeast region both wet and dry season.

Progress in mutation breeding

Rice mutation breeding in Thailand is carried out mostly by the Rice research
Institute (RRI), Department of Agriculture. Irradiation of rice seeds is done by the helping of
Kasetsart University or Office of Atomic Energy for Peace in Bangkok. Selection of the
irradiated population is done by breeders in the rice research centers of the RRI. The
objectives in induced mutation breeding are mostly concerned with shorter culms (dwarfs
and semidwarts), changing in flowering and maturing time, resistance to biotic and a biotic
stresses and grain quality. Elite lines developed by induced mutation for several characters
have been reported in different cultivars.

Improvement of Pathumthani 60 for short statured plant type.

Pathumthani 60 (PTT60) is a tall and photoperiod sensitive rice variety. The variety
was released to farmers in 1987. It is an aromatic with high amylose content rice. PTT60 is
accepted by the farmers to grow in central and east regions of Thailand. However, it has low
yielding ability resulting from the height and non-response to fertilizer. It is also susceptible
to major diseases and insects. Improvement of PTT60 for short plant type, high yielding
ability and insensitive to photoperiod was begun in 1988. Seeds of PTT60 was irradiated
with 2 doses, 20 kr. And 30 kr. of Gamma rays at Kasetsart University. Bulk method was
used in M1-M2 generation while pedigree method was used in M3-M6 . The criteria of
selection were short and high yielding plant type, resistance to diseases and insects under
natural conditions including nonsensitive to photoperiod. The desirable plants could be
selected only in the population that irradiated with 30 kr. dose. (Attemp to use a 20 kr.
gamma rays for improvement of this variety in 1991 was confirmed the failure). Observation
nurseries in M7-M10 emphasized on screening for aroma and resistance to diseases and
insects. Yield trials in 1995-1999 revealed that some irradiated PTT60 elite lines had 17-
38 % higher yield than PTT60. For some other characters, it has more resistance to bacterial
leaf blight (BB) and brown planthopper (BPH) and lower percent amylose content comparing
to the original PTT60. Few of them still have aroma as PTT60. (Table 1)
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Improvement of RD23 for blast resistance.

RD23 is a semidwarf high yielding variety released to farmers in 1981. It is resistant
to BPH and BB but susceptible to blast (Bl). The attemp to induce blast resistance in RD23
was started in 1985. Seeds of RD23 were irradiated by using 2 different doses of gamma
rays, 15 and 25 kr., at Kasetsart University. M1-M5 seedlings were screened for blast
resistance and resistant seedlings were transplanted and selected for characteristics similar to
RD23. M6-M9 lines were grown in observation nurseries. Yield tests in 1996-1998 found
that there were some RD23 blast resistance mutant lines which had comparable yield to
RD23. (Table 2)

Improvement of Basmati 370 for short-statured plant type.

Basmati 370 (BMT370) is an aromatic rice variety. It has been introduced to grow in
Thailand since the last two decades. It has long grain and the cooked rice has high
elongation ratio (ER). However, it is the tall variety which gives low-yield under our
environments. Improvement of BMT 370 for short-statured plant type was started in 1987.
Seeds of BMT 370 were irradiated with the 30 kr. gamma rays. Bulk selection and pedigree
selection were used in M1-M2 and M3-M6 respectively. We could easily selected many
semidwarf plants from the experiment but it was very difficult to select the short and high
yielding plant type that has long grain as BMT 370. Yield test in 1997-1998 revealed that
there were some aromatic mutant lines with different grain sizes and elongation ratios which
showed noticeable higher yield than original BMT 370 (Table 3).

Improvement of Pra Doo Daeng for short-statured plant type and awnless grain.

Pra Doo Daeng (PDD) is an aromatic rice cultivar. Its cooking quality is preferred
for consumption by many Thai people. PDD is a tall variety and low yielding ability.
Another disadvantage of the variety is the presence of long awn on the lemma part of the
grain. The attemp to improve PDD for short plant type and awnless lemma was started in
1988. 30 kr. of gamma rays was used to treat the seeds of PDD under the help of Kasetsart
University. Bulk method and pedigree method were used to select the desirable plants in
M1-M2 and M3-M6 respectively. Many semidwarf plants with awnless grain could be
obtained from the selection. Selected mutant lines from observation nursery were sent to
preliminary yield tests in 1997-1998. There were 7 elite lines that had grain length, amylose
content, and aroma similar to the original PDD but they were insensitive to photoperid and
short statured plant type. The yield of elite mutants were 55 % higher than the original one.
(Table 4)

Unfortunately, the character of awn on lemma which disappeared in selected
generations was gradually presented in yield trials.
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Current research projects on rice mutation breeding

At the present time, many attemps have been mode to improve varieties for resistance
to diseases and insects, tolerance to abiotic stresses by using induced mutation. The projects
titles and objectives are shown in Table 5

Conclusion

It has shown that mutation breeding can make valuable in rice breeding program. In
terms of plant characters, changes in plant height and photoperiod insensitive have been
shown as the most common mutant types. It is important to find the doses of mutagen
treatments that give maximum mutation frequencies. The optimal treatments, proper
selection methods and well-defined objectives could create the success of mutation breeding.
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Table 1 Yield and some characters of the PTT60 elite mutant lines

Source

for. PTT60

(Ga.30 krad.)

PTT60 (CK)

Designation

PTT60'88G2Cs-KLG-61-l-3-4

-61-1-3-1

-78-2-1-2

-61-1-3-7

-

Yield

t/ha.

4.0

3.6

3.6

3.4

2.9

Maturity

(days)

117

119

120

119

30 Nov.

Height

(cm.)

116

116

114

116

160

Amylose

22-25

21-25

21-25

21-25

25-27

Aroma

N

N

N
*

*

Reaction to

Bl

4-8

5-7

3-8

4-7

5-8

BB

R-MR

MR

MS

MR

MS-S

BPH

MR-MS

MR

S

MS

S

GLH

MS

MS

MS

MS

MS >s
n
§

Source Pathumthani Rice Research Center, 1998-2000

* aroma

Bl: Blast BB : Bacterial leaf blight BPH : Brown planthopper GLH: Green leafhopper



Table 2 Yield and reaction to diseases and insects of the RD23 elite mutant lines

I
1—1

o

Source

far. RD23

(Ga.15 krad.)

RD23

Designation

RD23'85 GiCs-KLG-5-1-2-1

-5-1-2-4

-14-3-3-1

-15-1-1-1

-15-1-1-3

-15-1-1-4

-25-1-2-1

-

Yield

t/ha.

5.1

4.9

4.9

5.7

5.4

5.4

5.7

5.6

Reaction to

Bl. *

1,3,2,5

1,1,1,5

3,3,1,5

1,3,2,3

1,1,1,5

1,2,1,4

1,3,2,5

7,7,7,9

YOLV

9

9

9

9

9

9

9

9

RSV

7

7

7

7

5

7

5

7

BPH

3-5

3-5

3

3

3

5

1

3

GLH

3

3

7

3

5

5

7

5

1
no
3

Source : Pathumtham Rice Research Center, 1998-2000

* Scores from 4 tested locations.

Bl : Blast YOLV : Tungro RSV : Ragged stunt vims BPH : Brown planthopper GLH: Green leafhopper



Table 3 Yield and some characters of irradiated BMT370 elite lines

©
00

Source

Irr. Basmati 370

(Ga. 30 krad.)

Basmati 370

(CK)

Designation

BMT370' 87GiCs-KLG-147-2-4-5-5

-147-2-4-5-7

-147-2-4-5-9

-286-2-1-2-3

-286-2-1-2-8

-55-1-1-7-1-1

Grain

Yield

(t/ha.)

4.4

4.5

4.2

4.2

4.2

4.5

2.8

Maturity

(days)

112

113

113

111

115

123

118

Height

(cm.)

102

104

104

102

105

117

151

Elongation

ratio

1.7

1.6

1.7

1.8

1.6

1.8

2.0

Grain

Length

(mm.)

6.00

6.62

6.60

6.40

7.04

7.29

7.25

Lodging

N

N

N

N

N

N

50%

%

Amylose

21

21

21

21

23

22

20

Aroma

2

1

1

1

2

1

2

Reaction

BI

R

R

MR

R

MR

MR

R

BPH

vs
vs
vs
vs
vs
vs

vs

>
m
50

Scarce: Pathumthani Rice Research Center, 1998-2000

Bl: Blast BPH: Brown planthopper



Table 4 Yield and some characters of irradiated FDD elite lines

o
CD

Source

Irr. FDD

(Ga. 30 krad.)

FDD (CK)

Designation

PDD'88GiCS-KLG-31-l-3-2

-119-3-3-1

-115-1-1-2

-155-2-1-2

-187-2-2-2

-199-2-2-3

-210-1-2-2

-

Yield

(t/ha)

5.5

5.9

5.6

5.6

5.5

5.6

5.6

3.6

Maturity

(days)

121

121

122

118

121

119

117

Nov.-Dec.

Height

(cm)

119

122

118

119

120

117

118

150

Grain

Length

(mm.)

7.46

7.47

7.59

7.40

7.56

7.47

7.36

7.40

Amylose

%

23

23

21

24

24

24

23

22

Aroma

2

2

2

2

3

2

2

2

I

Source: Pathumthani Rice Research Center, 1998-2000
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Table 5 Current research projects on rice mutation

No.

1.

2.

3.

4.

5.

6.

7.

Title

Rice varietal improvement for acid sulfate soil
tolerance through mutation breeding

Rice varietal improvement for saline soil tolerance in
central plain through mutation breeding

Induced mutation for salt spot tolerance in lower
northeast by irradiation.

Induced mutation for drought tolerance in rice in
upper northeast

Use of irradiation for inducting flood tolerance in
rice

Induced mutation for pest resistance in rice by
irradiation

Induced mutation for blast resistance in rice by
irradiation

Objective

Acid sulfate soil tolerance

Saline soil tolerance

Saline soil tolerance

Drought tolerance

Hood tolerance

Insect resistance

Blast resistance
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4.7 The effective use of physical and chemical mutagen
in the induction of mutation for crop improvement in Malaysia.

Abdul Rahim Harun
Malaysian Institute for Nuclear Technology Research

43000 Bangi, Selangor MALAYSIA

Abstract

The earliest work of induced mutations breeding program in Malaysia was reported inl967.
The project was carried out by Rubber Research Institute of Malaysia using x-radiation in an
attempt to improve rubber trees for dwarfism and disease resistance. Subsequently, more efforts
were taken up by the universities to promote the technology for genetic changes and creation of
new genetic resources, particularly in crops that are not easily achievable through conventional
techniques. Gamma radiation is always been used as physical mutagen, while ethyl methane
sulfonate (EMS) was a popular chemical mutagen used in induced mutation breeding in the
country. Gamma rays is an effective mutagen to which more than 30 potential mutants were
produced up to now through mutagenesis of several important food crops and ornamental plants.
Although chemical mutagen such as EMS were reported being used, the result is not so
convincing as compared to gamma radiation. Malaysian Institute for Nuclear Technology
Research (MINT) has initiated and promoted nuclear technique in mutation breeding for the
improvement of importance food crops such as rice, legume and other potential crops for export,
like fruit trees and ornamentals. Gamma radiation is the main source of mutagen used in
mutation-breeding programme at MINT. The effectiveness of these two mutagens were verified
with mutants derived through induced mutation breeding in the country which some mutant has
shown outstanding improvement and released as new varieties and cultivars. This paper
summarises and discuss the effects as well as achievement attained through the use of ionizing
radiation and chemical mutagen in plant mutation breeding in Malaysia.

Introduction

In Plant Breeding, mutation induction has become an effective way of supplementing
existing germplasm and improving cultivars (Micke et al., 1987). Experiment with induced
mutation breeding in Malaysia dates back some 30 years ago to the induce mutation research
with x-irradiation of green budwood of rubber clones, carried out at RRIM between 1967 to
1974. The objectives of the investigation were to induce desirable characteristics such as
dwarfism, non-wintering and also disease resistance in commercial Hevea clones (Ong et al.,
1973). Based on their findings, a few induced mutants were selected for vigor and early maturity.
The first irradiation facility in the country was installed in National University of Malaysia
(UKM) in 1970 and became available locally for various scientific research and also for use in
mutation breeding. Later, with the establishment of Tun Ismail Atomic Research Centre
(PUSPATI) under the prime Minister's Department in 1972, work on induced mutations gained
its momentum. Extensive uses of ionizing radiation especially with gamma-irradiation in

- I l l -



JAERI-Conf 2001-003

mutation breeding by local plant breeders were begun in 1980's. The use of mutation in research
program for crop improvement has thus been regarded as a new technology in Malaysia. At
present, induced mutation breeding has become a complementary or an alternative method to
conventional breeding of the crop that already has an elaborate crop improvement programme. It
is also regarded as a convenient and useful tool for crop improvement. Later, more efforts to use
induced mutations for genetic changes and creation of new genetic resources were initiated for
the improvement of important crops such as rice and legumes. Most of the experiments carried
out were aimed to investigate the most effective dose for mutations and to estimate the
frequency and mutation spectrum following treatment with a mutagen. Encouraging results were
obtained in the form of semi-dwarf and disease resistance mutants in rice cultivars, high yielding
and early maturity in soybean and adaptability to local environment and high yield in groundnut.
This generated a great deal of interest in induced mutations especially for the improvement of
crop plants. Therefore, the use of radiation induced mutations is becoming a new technique
which is possessing great value in creating greater genetic variability, promotes genetic
recombination and new valuable germplasm for breeding.

Realizing the potential applications of induced mutation in plant breeding, MINT has
embarked on a mutation-breeding program since 1984 for crop improvement. The availability of
irradiation facilities including a reactor for fast neutron, x-ray machine, gamma cell and multi-
purpose 60Cobolt at MINT, created a vast interest among plant geneticists to investigate the
effects of radiation on plants. Beside research, MINT is also providing radiation services for
plant mutation breeding to local plant breeders from government agencies and private
companies. A large number of potential mutants have been developed in a variety of crop plants
at MINT and in Malaysia as a whole over the past 9 years. Thus, mutation breeding is gaining
recognition as an efficient tool for crop improvement programmes in Malaysia. This paper
highlights the achievements of mutation breeding and its effectiveness future application for
genetic improvement of plants.

Mutagen and radiation facilities

Matagen used for plant improvement

Mutagen involved in induced mutations research can be grouped into two, namely physical
mutagen and chemical mutagen. Choice of mutagen will depend on the type of tissue to be
treated, type of mutation desired, availability of mutagen and safety considerations. In the initial
years of mutation breeding research in the country, chemical mutagens were the regular agents
for inducing mutation for plant materials. After the first irradiation facility in the country which
was available in 1970 at UKM physical mutagen was frequently used in many plant mutation
breeding in Malaysia. Among physical mutagens, gamma rays is widely for mutation induction.
The most widely used chemical mutagen was ethyl methane sulfonate (EMS), an alkylating
agent.
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Radiation facilities for induced mutation breeding

The first irradiation facility in the country was installed in 1970 and became available for
various scientific research and also for use in mutation breeding. The nuclear facilities became
more widely used now than chemical mutagen. Beside UKM it is also available at MINT, both
in Bangi, Selangor. Many of the initial work on induced mutations were aimed at investigating
the most effective dose for mutations on several important at the time.

• Facility at UKM

It was the Gammacell 220, one of the first general purpose radiators from Atomic Energy
Commission of Canada. The unit consists of an annular source permanently enclosed within a
lead shield, cylindrical drawer and a drive mechanism to carry samples to be irradiated from
outside the shield to the source. Samples up to approximately six inches in diameter and eight
inches in height can be accommodated in the chamber.

• Nuclear facilities available for scientific research and induced mutation currently available at
MINT are as follow: -

1. Reactor Triga Mk II

This is a 1-megawatt (MW) thermal nuclear research reactor, which serves as a source of
neutrons for radiophamaceutical and radiotracer production. Neutron have been reported to
have been used to produce mutation. However, there has been no report on the use of the
neutron for mutation breeding in the country.

2. Gamma Cell

Two gamma Chambers, GC4000A (lOkCi) and J.L. Shepperd & Associates Model 109-68
Irradiator (24kCi) are also available for samples irradiation. These are self contained gamma
irradiation units and are equipped with a mechanism to transport the material to be irradiated
into and out of the radiation field. The approximate volume of the irradiation chamber is 4,000
cm3 with a 160 mm diameter and 210 mm height. The explants normally used for irradiation are
seeds, scions, buds, tissue culture materials, cuttings, and pollen.

3. Sinagama,

The irradiation plant consists of a ^Co radiation source, a concrete biological shield, a
product conveying mechanism, operation and safety control and auxiliary equipments. This
facility offers services for medical product sterilization, food preservation, agrowaste treatment
and mutation breeding. The facility normally used for big plant parts or whole plant which could
not be accommodated by small chamber of gamma cell.
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4. The Eldorado 8 Teletherapy (3.484 kCi)

It has a very low dose-rate i.e. 0.1 Gray min"1 at 85 cm distance, and is very useful for
research samples including plant tissues or cells for mutagenesis at very low doses.

5. Gamma green house

This facility is future gamma facilities will be constructed in 8th Malaysian Planing (will be
available for service in 2003). The facility will provide service for chronic effect of irradiation in
the country. This is a unique facility whereby the materials including tissue culture, whole plant
or trees can be treated.

Radiation services

MINT, being the centre for application of nuclear technology in the country provides
services for treating plant materials usually using gamma rays for scientists from government
agencies, universities and lately increasing interest and request from private companies. At the
moment irradiation, services were provided free since most of the mutations breeding
programmes carried out by other institutions are in collaboration with MINT.

Radiation service statistics 1994 -1999

No. of treated samples 240
No. of treated species 50
No. of recipients (Government and private sector) 15

Type of treated materials:
Seed samples
Vegetatively propagated materials
"in vitro" materials
Others

Type of mutagen treatment
No. of 60Co gamma rays treatments
No. of fast neutron treatments
Others

45
136
57

none

240
none
none

Government agencies, universities and private company involved In Induced mutation
breeding and which have requested radiation services at MINT

Private company

• RMJ Managemment Sdn. Bhd.
• Everbloom Sdn. Bhd.
• Tropbio Sdn. Bhd.
• United Plantation Sdn. Bhd.
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«• Golden Hope Sdn. Bhd.

Government agencies

Malaysian Agriculture Research Development Institute (MARDI)
Malaysian Institute for Nuclear Tech. Research (MINT)
Department of Agriculture, Serawak.
Institut Haiwan Keluang

Universities

National University of Malaysia (UKM)
University of Malaya (UM)
University Putra Malaysia (UPM)
University Science of Malaysia (USM)

Table 1: Effective doses of several crop obtained through radiosensitivity tests
conducted at MINT

Crop
l.Rice
2. Groundnut
3. Chilli
4. Pepper (seed and cutting)
5. Guava & Mangosteen
6. Ornamental (Orchids & Roses)
7. Banana (In vitro)
8. Signal grass (Bracharia decumbent)
9. Markisa (Passion fruit)

Effective doses (Gray)
200-350
150-300
100-350

20-55 & 10-35
100-200
20-40
30-60

400-700
100-200

Mutant Released through induced mutation breeding

Rice

High yield, good eating quality, early maturity and resistance to major pest and diseases are
characters usually desired in a rice variety. The use of induced mutations for rice improvement
in Malaysia started in 1972. In the project, several varieties including Jaya, Malinja and Mahsuri
were treated with two mutagen, viz. Gamma rays and EMS, and screened for blast. More than
100 mutants resistant to blast were identified. Most of the mutants do not have good plant type
but showed changes in many other traits. However, a more concerted effort was begun in 1979
to look for blast (BI) resistance (Arasu et.al., 1983). To date, 48 varieties and elite breeding lines
have been treated with ethyl methane sulfonate (1.5-2.5%) and gamma radiation (15-40 krad).
Mutant line with short stature, early maturity, improved grain quality, increase BI and brown
planthopper (BPH) resistances and photoperiod insensitivity were obtained (Table 2)
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Mutant Muda 2 was released directly to farmers to replace the slightly taller Muda variety,
which is susceptible to lodging. Another mutant from Muda, MR 90 with moderate
improvement in BPH resistance, is a promising line in rainfed areas. Mahsuri mutant, which has
good eating quality, is now being popularized as a high-quality rice (Hadzim et ah, 1988). A
short-statured, early maturing mutant of Mahsuri mutant, MM 98, has lower amylose content.
An aromatic hill rice, Pongsu Seribu 2, had its height halved and its yield potential improved
through the mutant PS 1297 (Mohamad et al., 1988). A short, early and photoperiod-insensitive
mutant has been recovered from the tall, traditional, good eating variety Jarum Mas. Other
mutants are being used in cross breeding.

The Intematonal Atomic Energy Agency (IAEA) sponsored a 5-year project on semidwarf
rice with MINT using the variety Manik beginning in 1984.101 semi-dwarf mutants which have
the potential to be used as cultivar or as parents in cross-breeding programmes were identified.
One of the mutant line MA03 and popular kown as mutant 'Tongkat Ali' which panicle remain
erect even after grain filling and the stem is very strong and resistance to lodging (Ramli et
al.,1989). Eventhough it has not been officially released, it has been planted commercially by a
few farmers especially in the northern part of Malaysia. During the first season, the yield was
recorded at 6,589 kg/ha and the second season between 5,715 - 7,504 kg/ha. Allelic test for
semidwarfism was conducted by Farazi (1994) He discovered that singgle recessive gene was
responsible for dwarf character of mutant MA03. This recessive gene was non-allelic to sdx

(Farazi, 1994). This gene was named as sds. The glutinous mutant Manik 817 has shorter stature
than the previously popular glutinous varieties PMI and Pulut Siding.
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Soya bean mutant

Ethylmethanesulphonat and gamma irradiation were used in separate experiments to induce
mutation. Observation and selection of mutant traits were carried out from M2 generation.
Individuals were selected on the basis of desirable plant architecture, and specifically for
improved sink capacity in the form of a larger number of pods per plant and larger number and
size of seeds. Cumulative data from replicate yield trials over the past several years have isolated
two mutants, A15/10 and A5/10, which are high yielding and adaptable to the local environment.
A15/10 in a large seeded mutant with a high pod number, while A5/10 is an early maturing
dwarf with a good yield potential (Zakri, 1986).

Groundnut mutant

Two popular local varieties, Matjan and V-13 were adopted as the starting material. 3000
seeds per dose per variety were exposed to a series of gamma rays doses ranging from 0-45 krad
to induce mutation of the desired traits such as high yield and resistance to Cercospora leaf spot
(Rusli et al., 1992). Several mutant were selected resistace to Cercospora leaf spot but only 3
mutant ( MJ40/42, V13/35/16 and MJ20/165-5) were out yielded check variety (Matjan and
V13). These mutants were evaluate further to investigate N2 fixation as well as yield
performance, and as consequences Matjan mutan MJ/40/42 consistancely produced the highest
pod yields, at above 41 ha"1,14-22% higher yields than the parent (Rusli et al., 1998).

Banana

Novaria is a selection made from GN-60A mutant which was originated from the
Seibersdorf Laboratory of The International Atomic Energy Agency (IAEA) for its vigorous
growth and early flowering. In this program, Graine Naine, a popular Cavendish banana was
induced by gamma irradiation using in-vitro technique. The introduced mutant was planted and
evaluated at the United Plantations Bhd since 1991 (Mak et al., 1996). Early fruiting individuals
with good bunch characteristics were identified, micropropagated and further selected in the
field to ascertain stability and homogeneity of the mutant clone. This mutant clone specially
selected for the following desirable traits :

• Early flowering
• Strong fruit pedicel or 'neck'
• Good flavour and pulp texture
• Short stature
• High yield potential

Ornamental

A multi-institutional working group was formed under the National Committee for the Use
of Induced Mutation in Plant Breeding to look into the applications of induced mutations in
ornamental breeding. The group consists of MINT, MARDI, UM, UPM, UKM and DBKL. The
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Table 2 : Rice mutants derived from mutation breeding programmes in Malaysia

Mutants

Mahsuri mutant
(EMS 2.5%)
MM98
Q34*
Muda2
MR90
MA03
Manik 817
PS1297

SPM29 & SPM39

SPM68

SPM 106 through 115

Y1281

Y1290

MR 215 & MR 216

Institution

MARDI

MARDI
MARDI
MARDI
MARDI
MINT
MARDI
MARDI

MARDI

MARDI

MARDI

MARDI

MARDI

MARDI

Original or parent
variety

Mahsuri

Mahsuri Mutant
Mahsuri mutant
Muda
Muda
Manik
Manik
Pongsu Seribu 2

Jarum mas

Basmati

MR162

Q31

Mayang Bunga

Characteristics or traits observed in
mutant

Good eating quality (high quality rice);
elongation trait for cooked rice.
Early maturity; spliting of cooked rice
Good eating quality
Short stature; good grain elongation
Moderate improvement in BPH resistance
Semidwarf; high yield and upright panicle
Short stature; glutinous endosperm
Reduce pigmentation on the panicles and
grains; shorter and erect flag leaf; more
tiller per plant; shorter panicles with less
spikelets; increase amylose content and
spikelet sterility
Reduced maturation period; increase
number of tillers per plant; reduced
percentage of sterile grains; reduced panicle
length; increase 1,000 grain weight.
Reduced plant height; higher yield; grain
quality reduced (quality lower than Basmati
rice).
Higher grain weight (in preliminary yield
trial)
Reduced maturation period; reduced plant
height
Reduced maturation period; reduced plant
height; higher yield potential
Better resistance to BLB and PMV.

* indirect mutant (Basiran et al., 1998)

Legume

Coordinated breeding programs on legume started in 1978 for the improvement of
groundnut and soybean. Five institution, namely MARDI, RRIM, UKM, UM and UPM were
involved to investigate and breed soybean with the use of induced mutation for cultivars with
high yield and well adapted to the warm humid tropical condition. In MINT, induced mutation
breeding of groundnut started in 1989, with aimed at genetic and breeding goals, specifically
screening for resistance to Cercospora leaf spot diseases and high yield. These two project
mentioned were 5 years contract sponsored by IAEA.
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group is currently working on mutagenesis of orchids such as Aranda, Mokara, Dendrobium,
Vanda, Ascocenda and Cymbidium. Besides orchids, the group is also developing similar
techniques for ornamental plants such as Chrysanthemum, Amaryllis and Alpinia as well as
other tropical flowers and foliage ornamental plants.

Ornamental mutant produced at MINT

Collaboration in research between MINT and private company in ornamentals were
undertaken in order to produce mutant varieties of tropical ornamental plants to meet the
demands of the local market. The joint research projects with a private company began in 1994
when a MoU was signed between MINT and RMJ Management Sdn. Bhd. The private
company will provides the materials to be irradiated with facilities available at MINT. MINT
provides technical assistance such as handling of materials and selection. Gamma radiation was
used as mutagen for induced mutation breeding of ornamental plants. Many mutants were
produced in this collaboration. 12 Mutants of Ornamental derived from mutation breeding
program at MINT were launched in August 2000 (Table 3).

Table 3 : Ornamental mutant released through induced mutation breeding at MINT

Crop/species

Hisbiscus

Dendranthema

Orchid

Cordyline terminalis
Cordyline fruticosa
'compacta'

Duranta repen

Mutant

MINT- hrs 20001
'Siti Hasmah
PinkBeauty'
MINT-hrs 20002
'Siti Hasmah
RedShine'

MINT-dt 10001
MINT-dt 10002

MINT-ds 35005
MINT -ds 35003
MINT-cfa 20001
MINT-cfa 20002
MINT-cfa 200016
MINT - cfc 45001
MINT-dr 45001
MINT-dr 15002

Original or parent

Common Hibiscus

Taihe

Dendrobium Ekapol

Cordyline

Duranta gold

Characteristic or
traits observed in

mutant
Flower color change
to light pink and
dark red.

Color change, short
and strong stem and
heavy branching.
Flower color and
size changes
Leaf color change

Leaf variegation
(mosaic & marginal)
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Table 4 : Experiment on Induction and use of Mutation in Plant Breeding carried out at MINT and in Collaboration with other Institutions.

Crop

Rice
Manik

2. Groundnut
Matjan
V13

3.BIack pepper
(Pipper nigrum
L)

5. Banana

Institute

MINT

MINT

Agriculture
Research
Centre,
Semonggok,
Serawak
MINT, UM,
USMand
UPB

Dose (Gray)

150-400

0-400
0-450

0-100 (seed)
0-50 (cutting)

60 (IAEA
material)
35 (Fusarium
Wilt)

Objective

To Induce Senudwaxfism

1. To Induced mutant with high
yielding and resistance to
Cercospora leaf Spor

2. 2. To induce mutant with high
Biological Nitrogen Fixation
(BNF)

1. To create genetic variability
2. To produce mutants which are

tolerant or resistant to
Phytopthom capsisi

1. Evaluation of mutant material
from IAEA

2. To induce mutant which are
resistant to Fusarium wilt

3. Improvement of pisang
Berangan CV. Intas

Result

101 mutant lines were semidwarf and high
yielding [4]. Tongkat All (MA03) yields
5,700 - 7500 kg/ha (Rusli et al 1991).
3 mutant lines were high yielding and
high in BNF in assocition with tolerance
to Cercospora Leaf Spot (Rusli et al.,
1991)

11 mutant line were had long and
abundant fhiit spike and good fruit setting
(Paulus, 1993)

NOVARIA, mutant released from IAEA
in vitro culture material which were
Early flowering
Strong fruit pedicel or 'neck'
Good flavour and pulp texture
Short stature
High yield potential (Tan et al., 1993)

Year of
project '
started
1984

1986

1987

1990

>

I
§

§
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CONCLUSION

The use of physical and chemical mutagen have shown to be very effective in inducing
some traits in plant Reduction in duration and plant height, disease and pest resistance, and
improved eating quality are attainable objectives in mutation breeding without reducing grain
yield, as experienced with rice. Therefore, mutation breeding has been regarded as a
complementary or an alternative method to conventional breeding using physical and chemical
mutagens. This has proved to be an efficient tool for enhancing genetics variability, thus creating
greater chances for selection. Radiation induced mutagenesis, in combination with the emerging
technologies of in vitro culture, offer the possibility to create new germplasm.. It is evident that
induced mutation breeding plays an important role in crop improvement and its application has
led to the development of high yielding, new and improved germplasm, early maturity, disease
resistance, short stature, erect and lodging resistance mutant varieties of rice, groundnut,
ornamental, banana and many other crops. The productions of this improved mutant variety have
somehow contributed to the vital impact and significant role in mutation breeding in the country.
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4.8 New Approaches for Effective Mutation Induction
in Gamma field

Shigeki NAGATOMI
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National Institute of Agrobiological Resources

PO. Box 3, Ohmiya-machi, Naka-gun, Ibarald, JAPAN

Abstract

The purpose of the report is to clarify the effects of chronic irradiation using in vitro

culture on inducing the mutation of two model plants.

Culture technique combined with irradiation can overcome the problem of chimera

formation and provided 10 times greater mutation efficiency than conventional method.

Proper mutagenic treatment using cultured materials is indispensable to effective mutation

induction.

The chronic culture method showed the widest color spectrum in chrysanthemum and

extended toward not only the negative but positive direction. However, the acute culture

methods indicated a relatively low mutation rate and a very limited flower color spectrum.

Flower color mutation of the regenerators could be induced more from petals and

buds than from leaves. These facts is supposed that the gene loci fully expressed on floral

organs may be unstable for mutation by mutagenesis or culture. It may be likely to control a

direction of desired mutation.

One possible reason why the chronic culture methods showed higher frequencies is

that most of the cells composing the tissue and organs continually irradiated into a cell

division which was highly sensitive and more mutable to irradiation. Under these conditions,

many mutated sectors may accumulate in the cells of the growing organs.

Regenerated mutant lines show remarkable decrease of chromosome numbers by

irradiation. It is a proper indicator to monitor radiation damage.

In this study, the six flower color mutant varieties registered were derived from

chronic irradiation. The combined method of chronic irradiation with floral organ cultures

proved to be of particularly great practical use in mutation breeding for not only flower

species but any other species.
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Introduction

Radiation breeding has yielded excellent results and is still developing as

indispensable tool to improve varieties in many plants. So far, a number of radiations, beta

ray, gamma rays, x-rays, neutron and so on have been investigated for mutation induction of

plant species, ionized radiation, that is, gamma rays, x-rays has been utilized almost 80 % of

the registered mutant varieties in the world.

There are two streams of gamma irradiation methods, acute and chronic irradiations.

In the former case, acute irradiation facilities such as gamma room and gamma cell have

been extensively operated treating with smaller materials like seeds, bulbs, tubers, scions,

spores. In the latter, chronic irradiation facilities such as gamma field, gamma greenhouse

and gamma phytotron have been utilized dealing with a large quantity of plant materials or

big materials under low dose rates in the natural condition..

Since the Institute of Radiation Breeding (IRB) was established in 1960, it has

open-door policy to not only public organizations but private sectors. Next year, a gamma

field was installed in 1961 and operated for mutation induction for plant materials. Numbers

of researches have been carried out to develop the effective methods of mutation induction

and to breed useful mutants by using gamma field. During the quarter Century, much

information on the following subjects had been accumulated in various plant species.

Radiosensitivity and optimal irradiation doses at chronic and acute irradiations.

Mutation induction methodology for major crops.

Alternation of mutation spectrum

On the other hand, in European Countries, Sweden researchers reported that the

efficiency of the chronic facilities for mutation induction was less than that * of seed

irradiation in barley. The similar result was reported in durum wheat by Italian scientists.

These negative results made the scientists and plant breeders disappointed and hindered them

from further uses of gamma field.

More than 10 gamma field had been established in the world in 1960's, however,

most of them were closed one after another owing to completion of the military mission or

shortage of the expectation. Reflecting from disappointing atmosphere, radiation breeding

works surrounding the gamma field had retarded for longer years. However, the gamma field

in IRB has been continuously operated as an important tool and school for radiation biology

and mutation breeding and as a symbol of peaceful use of atomic energy in Japan.

During the recent decade, however, the gamma field have successively produced

numbers of useful mutant varieties of which Japanese pear varieties, "Gold Nijisseiki" and

"Osa Nijisseiki" had been selected as resistant mutants against serious black spot disease and

successfully released in the fruit growing districts in Japan.

It has already passed 30 years to recognize the hidden values of gamma field, since
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biotechnology was introduced into the field of radiation breeding. The combined method of

radiation with tissue and cell culture techniques was proved to be extremely efficient for

mutation induction and confirmed to solve the problems in the mutation breeding. By using

the combined method, useful mutant varieties have been selected at high frequency from the

limited population regenerated from in vitro culture of chronic irradiated plants.

There still remain the problems to be solved on radiation breeding.

To increase the frequency of useful mutation.

To broaden the spectrum of mutation.

To control the direction of desired mutation.

The present report summarizes new approaches of the efficient use of a gamma field

using new technology in some model plants. The primary purpose is to clarify the effects of

chronic irradiation using in vitro culture on inducing the mutation of chrysanthemum and

sugarcane, and to elucidate the effect of irradiation methods on mutation induction.

Combined Effect of Irradiation Methods and Explant Sources on Mutation Induction in

Chrysanthemum.

Materials and Methods

In chronic irradiation, ten rooted cuttings of the chrysanthemum cultivar "Taihei"

(pink flower) were transplanted at six points various distances from the ^Co source (88.8

TBq) in a gamma field. The growing plants were irradiated at dose rates ranging from 0.25

to 1.5 Gy/day for 20 hours every day. The total treatment doses of the plants were from 25 to

150 Gy for 100 days. The explant sources of leaf, bud and floral petal dissected from each

irradiated plants were incubated on the callus induction medium after sterilization.

In acute irradiation, the explant sources of leaf, bud and floral petal dissected from

unirradiated plants were incubated on the callus induction medium after sterilization. After

three days of incubation, the explants were irradiated at a dose rate 10 Gy/hr, for total doses

ranging from 20 to 100 Gy in a gamma room (44.4 TBq., 60Co source). Soon after irradiation,

the segments were transferred to a new callus induction medium. The induced calluses were

subcultured on the callus medium and then on the regeneration medium.

The regenerated plantlets were acclimatized in a greenhouse then transplanted to a

field nursery to investigate mutation induction. The plants used as the control were

established by cutting back twice from the lateral shoots of the chronically irradiated plants.

In addition, regenerated plants derived from each explant source of unirradiated plants were

treated as the comparison.

The mutation rate was calculated based on flower color mutants selected from the

regenerated plants in each treatment. Moreover, the mutation efficiency at different
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irradiation doses in each treatment was calculated using the following formula.

Mutation efficiency (%/Gy) = No. of mutated plant x 100 / Total no. of plants x

Total irradiation dose (Gy)

Then after, to confirm chimera and secondary mutation induction on mutant lines,

flower color mutation were investigated on regenerators from flower petals and buds taken

from the selected mutant lines without any mutagenic treatment.

Results

All methods were evaluated to find which combination of irradiation and explant

source yielded the best mutation rate and/or mutation spectrum. The method using a chronic

petal culture gave the highest mutation rate, followed by chronic bud culture and acute petal.

The methods using a leaf with either chronic or acute irradiation provided a lower mutation

rate than those using petals and buds.

The mutation efficiency of all of the above methods using cultured materials was

much higher than with the conventional method using chronic shoots. However, methods

using any unirradiated materials, such as shoots, leaf, petal, and bud cultures, produced

almost no mutants. The most variability of flower color on the regenerators was induced not

by a culturing process but by gamma irradiation.

The acute petal culture method had the highest mutation rate, which increased 1.36%

with a 1 Gy radiation dose. The other methods, using irradiation and explants, had somewhat

similar mutation frequencies, ranging from 0.79 to 0.48%/Gy, whereas the one using chronic

shoots was 0.076%/Gy. Thus, the culture methods using irradiation were about 10 times

more effective than the conventional chronic cutting method.

Flower Color Spectrum of the Mutants

The mutated flower colors (except the original pink) were categorized into seven types,

e.g. white, light pink, dark pink, orange, yellow, bronze, and striped. Although a total of 550

mutants (14.91%) were obtained from 3689 plants, 79% of the mutants fell into light and

dark pinks similar in color to the original variety. The mutation rate of the flower color of the

regenerators, for all colors and ones excluded the light and dark pinks, indicate which

methods extended the mutated color spectrum. The results reveal that the highest mutation

rate was obtained by the chronic petal culture, and the chronic bud culture followed. The

other methods chronic shoot, chronic leaf culture, and all acute irradiation methods proved to

have lower mutation rates, with a narrow color spectrum.
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Color Analysts of Mutant Flower

The Hunter's color space analyzed by spectro photometer demonstrated that mutant

flower colors were categorized into four groups, pink, white, yellow, and orange. Each group

of pink/white or yellow was distributed over linear cluster indicating the light and dark

directions. The orange color, however, was isolated from the above two groups. The mutant

colors induced through chronic petals fell into three color groups, pink, white and yellow

(except orange), those through chronic buds into pink and white, and those through chronic

cutting into orange and pink. In particular, the orange was the specific color exhibited by the

coexistence of pink and yellow layers on a periclinal chimeric mutant induced by chronic

shoot. The above results suggested that the variety genetically possessed two colors. It was

concluded that color analysis by the spectro photometer was effective for numerically

expressing the relations among continuous colored mutants and indicating clearly unique

clones.

Discussion

All of the mutants induced by conventional chronic irradiated shoots had chimeric

formation in the first vegetative stage; two of the three flower color mutants reverted to the

original color and one stabilized as a color mutant. Contrarily, almost all of the flower color

mutants derived from the in vitro cultured callus were apparently non-chimeric. Therefore, in

vitro culture can overcome the problem of chimera formation.

The mutation rates of all mutated colors indicated that the chronic petal and chronic

bud culture methods yielded a much higher mutation rate than the chronic shoot method. In

addition, the acute culture methods using petals, buds, and leaves held their positions

between the chronic culture and the chronic cutting methods. Most of the cultured methods

using irradiation provided 10 times greater mutation efficiency than the chronic shoot

method. The above results demonstrate that the application of in vitro culture on radiation

breeding markedly improves the mutation frequency.

A somaclonal variation often occurred on regenerators from callus and was used for

mutation breeding without mutagenic treatment in some crop species fLarkin and Scowcraft.

1981). In this study, however, mutagenic treatment, such as irradiation, was essential for

effective mutation induction since mutation induction through tissue culture was rare from

any sources of explant in the variety. This result agrees well with the observation that

changes in flower color are largely restricted to treatments involving irradiation (Dg Jpjjg

and Custers,1986).

In contrast, the mutation rates (excluding the original color) clearly indicated that the

chronic petal culture method yielded the widest color spectrum, and Induced seven mutant

colors (except orange). The chronic bud culture method was second, followed by the chronic
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leaf culture method.

It is likely that flower color mutation of the regenerators could be induced more from

petals and buds than from leaves. In this respect, it is supposed that the gene loci fully

expressed on floral organs may be unstable for mutation by mutagenesis or culture, which

permits a high mutation frequency of flower characteristics in their regenerators.

Bash et al. (1976) also investigated plants regenerated from petal culture which

exhibited many more mutant types than those from shoot tip cultures, and proposed that the

mutable loci were most mutable in somatic tissue of inflorescence. These findings suggest

that the mutation induction of the regenerator is dependent on explant sources.

It is worth investigating whether desired mutation could be obtained frequently on

regenerators from explant tissue of the desired genes expressed. If it is true, a direction of

desired mutation could be controlled by induction technique.

The acute culture methods indicated a relatively low mutation rate and a very

limited flower color spectrum. In addition, the regenerators derived from acute irradiated

plants definitely decrease in stalk elongation and number of petal per flower as the

irradiation dose rose.

One possible reason that the chronic culture methods showed higher frequencies

than the acute culture methods is that most of the cells composing the tissue and organs

continually irradiated into a cell division which was highly sensitive and more mutable to

irradiation. Under these conditions, many small mutated sectors may accumulate in the cells

of the growing organs.

In contrast, when the explants composed of various cell stages were irradiated at

high doses and dose rates, the dormant cells, less sensitive to radiation, could survive, but the

more sensitive dividing cells were inactivated. Acute irradiation applied to cultured materials

at much higher doses led to physiological damage and the ultimate death of cells according

to their stage of the cell cycle.

When regenerated plants can be obtained through flower species culturing, the

selection of a mutated colored petal under chronic irradiation should promote the induction

of a wider color spectrum on the regenerators. Naturally, a high mutation frequency of

flower color mutants can also be obtained from the petals with unchanged color from chronic

irradiated plants. The appearance of mutated colors on chronic irradiated plants is a good

prior indication of the color spectrum of the mutants, which can be extended to the

regenerators through tissue and cell culture techniques.

In this study, the six flower color mutant varieties registered were derived from

chronic irradiation. The combined method of chronic irradiation with floral organ cultures

proved to be of particularly great practical use in mutation breeding of flower species. The

method is also valid to obtain non chimeric mutants, to enhance mutation frequency, and to
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enlarge the mutation spectrum not only in flower species but also in any crop species.

jCsfflBft of Combined Methods of Callus Culture with Chronic and
Acute Irradiation in Sugarcane

Materials and Methods
Sugarcane cultivar, Ni 1 were used for experiments of chronic or acute

irradiation and tissue culture. In chronic irradiation, two plantlets developed from one-eye

cuttings were planted on 40 cm diameter pots, and five pots were prepared each for 6

irradiation treatments in a gamma field, including non-irradiated plants (control) grown

outside an irradiation facility.

The potted plantlets were irradiated chronically at 50, 100, 200, 300 and 500 Gy in

terms of total dose for 90 days. When the irradiation scheme had terminated, four top

portions of 100 and 300 Gy plots and control were served as explant sources for tissue

culture.

In acute irradiation, explants excised four top portions of intact plants, were irradiated

at 50,100,200,300 and 500 Gy in terms of total dose for 20 hours in a gamma room.

Rolled youg leaves was dissected for callus induction on a modified Murashige and

Skoog (MS) medium as reported in Heinz. Then, regenerated plantlets from callus were

transferred to experiment field. Preliminary data were collected on agronomic characters

such as stalk length, stalk diameter, number of stalks, leaf length, leaf width, weight per stool

and some qualitative characters. Estimation of chromosome number of the mutant lines was

investigated basing on nuclear DNA content by flowcytometry.

Results

Variation of characters

The means of major characters in the chronic irradiation were similar between dosages

in both generations. However, the coefficients of variation were greater in both generations

as the irradiation dose increased. These results suggest that the regenerated populations from

chronically irradiated plants showed rather wider variation than ones from non-irradiated.

The ranges of variation extended not only in a negative but also in a positive direction.

On the other hand, the means of major characters were decreased remarkably as the

irradiation dose rose. The coefficients of variation were relatively larger at lower dose but

smaller at higher doses. From these results, regenerated mutant lines were adversely affected

by high dose-rate radiation.

No significant correlation was found in 0 Gy and 100 Gy populations, while highly

positive correlations for stalk diameter (+0.866***) and stalk length (+0.585***) were
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revealed in 300 Gy. In addition, a significant positive correlation between two generations

was found for stalk number per stool and cane weight per stool in any irradiations.

Consequently, the results suggest that signiflcant positive correlation could have arisen from

the wider genetic variation among the subclones induced by gamma ray irradiation, and that

such variation could be transmitted by clonal propagation. It was noted that the increased

variances with higher heritability can be transmitted by clonal propagation and hence utilized

as genetic sources in mutation breeding.

Variability on synthesized characteristics

In order to elucidate variability of overall characteristics of the subclones, principal

component analysis was computed based on a correlation matrix for 10 characters of 136

subclones. Contribution for the first, second and third components was calculated as 31.4,

22.8 and 10.6% of the total variation, respectively. The biological meaning of the first

component represents low yield directing towards the positive side, and high yield towards

the negative. The second component indicated whether the subclone was 'stalk weight type'

or 'stalk number type'

A scatter diagram between the first (Axis Zx) and the second component (Axis Z2 )

indicates that the subclones from the control(0 Gy) distributed in relatively limited region

around the origin. The subclones from the lOOGy and 300Gy are scattered over a broad

region. It is suggested that chronic irradiation, combined with tissue culture, broaden the

variation of general characteristics on the subclone populations. From the viewpoint of

practical breeding, those subclones from 300Gy that lie in the -Zi, Z2 quadrant are of

special interest, showing high yield with long, thick, and heavy stalks.

From the standpoint of actual mutation breeding, two subclones, were remarkably

higher in cane weight over the donor. In addition, 5 clones from 300 Gy, 3 ones from 100 Gy,

and one from 0 Gy had some potential to be improved cane yield under the commercial cane

belts. It is much interest from viewpoint of increasing sugar content that 4 subclones from

300 Gy, 3 ones from 100 Gy and 3 ones from 0 Gy were markedly higher than the donor.

Average chromosome numbers estimated by DNA content show remarkable trend by

irradiation methods. Regenerated lines from unirradiated plants show the same chromosome

number as the original variety estimated for 2n = 115. In acute irradiation, regenerated

mutant lines show remarkable decline of chromosome numbers as the irradiation dose roses.

There is close negative conelation between irradiation dose and chromosome number of

each mutant lines.
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On the contrary, in chronic irradiation, regenerated mutant lines indicate generally

little decrease in chromosome number even by successive chronic irradiation for three years.

Discussion

The subject to be discussed is variability of callus derived subclones induced by the

process of tissue culture and by mutagenic treatment. In the present study, some extent of

somaclonal variation was observed on the subclones by tissue culture without using

irradiation. None of the quantitative characters such as stalk size and weight of cane showed

significant variability. Also, no correlation was observed for stalk size and yield components

between the first and second generation. It is concluded that only minor variations among

tissue culture subclones had occurred.

The chronic irradiation on growing plants induced major variations on quantitative

character such as stalk size and yield of cane in their regenerated subclones. Such

somaclonal variations in the second generation extend toward not only the negative but

positive extreme as the irradiation doses increased. These results suggest that chronic

irradiation in the gamma field combined with tissue culture possessed great potential to

induce useful genetic variation in mutation breeding.

On the other hand, the acute irradiation on cultured materials induced damaged and

less vigor mutants on radiation dose exceeded. From the result, acute irradiation using in

vitro materials seems to be risky, therefore, proper irradiation method and optimum dose

should be considered.

Since mutagenic treatments of tissue and cell cultures had been attempted by Heinz et

aL, little other work has been reported. From the present study, it is evident that gamma

irradiation plus tissue culture is a method of extending variation and increasing mutation

frequency. Such technique may be profitable for sugarcane to enlarge somaclonal variations.

In the present report, 300Gy was the highest chronic irradiation dose for survival of a viable

meristem from which in vitro explants were taken and, later, seed prieces. The chronic

irradiation method adopted in the study accumulated a relatively high dosage but with

reduced radiation damage prejudicial to proliferation and differentiation of the callus.

In other words, every cell in the growing plants under chronic irradiation is

irradiated during the cell division process which is generally the most sensitive and critical

phase for mutagenesis. Higher mutation frequencies among the subclones may be assumed

to originate from one or few cells in which mutation have occurred during the cell division

due to long chronic irradiation. Therefore, the tissue culture technique combined with

chronic irradiation is an effective means to multiply mutated cells to regenerated mutants.
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Conclusion
From the studies on mutation breeding in two model plants, the followed conclusion

on the effects of chronic inadiation has been obtained using in vitro culture and various

gamma irradiations.

1. Culture technique combined with irradiation can overcome the problem of chimera

formation. Most of the cultured methods using irradiation provided 10 times greater

mutation efficiency than the chronic shoot method.

2. A somaclonal variation often occurred on regenerators from callus, however, none of

significant variation was appeared from callus regenerators in both crops. Therefore,

proper mutagenic treatment on cultured materials is indispensable to effective mutation

induction.

3. It is clearly indicated that the chronic culture method yielded the widest color spectrum

in chrysanthemum and extend toward not only the negative but positive direction. The

acute culture methods indicated a relatively low mutation rate and a very limited flower

color spectrum.

4. Flower color mutation of the regenerators could be induced more from petals and buds

than from leaves. In this respect, it is supposed that the gene loci fully expressed on floral

organs may be unstable for mutation by mutagenesis or culture. It may be likely to

control a direction of desired mutation.

5. One possible reason why the chronic culture methods showed higher frequencies than the

acute is that most of the cells composing the tissue and organs continually irradiated into

a cell division which was highly sensitive and more mutable to irradiation. Under these

conditions, many small mutated sectors may accumulate in the cells of the growing

organs. In contrast, when the explants composed of various cell stages were irradiated at

high doses and dose rates, the dormant cells, less sensitive to radiation, could survive,

but the more sensitive dividing cells were inactivated.

6. In acute irradiation, regenerated mutant lines show remarkable decrease of chromosome

numbers as the irradiation dose roses. There is close positive correlation between

chromosome number and biomass of each mutant line. In chronic irradiation, regenerated

mutant lines indicate generally little decrease in chromosome number. It is a proper

indicator to monitor radiation damage.

7. In this study, the six flower color mutant varieties registered were derived from chronic

irradiation. The combined method of chronic irradiation with floral organ cultures proved

to be of particularly great practical use in mutation breeding for not only flower species

but any other species.
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5.1 The use of induced mutation combined with crossing
in high quality rice breeding

Do Huu At, Bui Huy Thuy, Nguyen Van Bich, Tran Duy Quy and
Nguyen Minh Cong *

Division of Genetics and Hybrid Rice Technology, Agricultural Genetics Institute (AGI)
* Department of Genetics, Hanoi No. 1 Teacher Training University.

Abstract

The high quality rice varieties: Tam thorn mutant rice Var., DT17 rice Var,
DT21 glutinous rice Var were formed by induced mutation combined with crossing.
Tam thorn mutant rice Var. lost photosensivity, could be planted 2 crops/year.
DT17 rice Var with high yielding capacity, suitable for growth on lowland in
summer crop, is replacing step-by-step Moctuyen rice Var. in North Vietnam. DT
21 glutinous rice Var. could be planted 2 crops/year and had short growth duration,
average yield was 4.0-4.5 tons/ha.

These three ones had good quality, soft and scent cooked rice, suitable for
customers and export requirements.

Tam thom mutant rice Var. DT17 rice Var., DT21 and glutinous rice Var.
were adopted for regional production by Ministry of Agriculture and Rural
Development and allowed to be in trial production.

I. Introduction:

Induced mutation is one of important tendency of modern genetics allowing geneticists
and breeders to develop new gene resources. These resources are initial and valuable materials
for plant breeding. By using this method, geneticists and breeders could rapidly develop new
varieties even in 6-8 generations compared to 12-16 generations in traditional breeding method.

The use of induced mutation in combination with crossing to improve the local and
traditional deep-water rice varieties is certainly necessary. These varieties have glutinous and
good taste seeds, enough meet the standards for export, but they have some weak-points, for
example: Tam thom has long growth duration: 155-165 days (from seed to seed) in summer
crop, long stem (1.5-1.6 m), low yield (2-4 tons/ha), because of the photosensitive trait, it could
be planted one crop/year only. From this tendency, the AGI has developed high quality rice
varieties like: Tam thom mutant, DT17, DT21 etc.

II. Material and method:

2.1. Material:

• Hai hau Tam thom variety: local famous scent rice variety.
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° Rice variety DT10 variety: selected from introduced rice variety C4 - 63 by using
induced mutation.

9 OM 80 variety: introduced from IRRI by Cuu long Delta Rice Research Institute.

• DV 2 variety (Nep hoa vang) was formed by Prof. Phan Phai when using 0.025% NEU
for treating to sprouting seeds.

8 Glutinous rice var 415 was formed by crossing Var. VN72 with one Japonica line, it was
recognized as a National Variety in 1987.

22. Method

- Irradiation treatment after Xanicova, Kuzin (1968), Gustafson (1972) method.

- Using the combination of induced mutation and crossing to increase effect of rice
breeding.

- Individual selection through generations.

- Estimating the prospected lines by testing on small scale, in order to: select hybrid line
with high heterosis, expressing on: high yield, stability, good quality, good tolerance to
coldness, good resistance to diseases and good adaptation to adverse conditions of the
environment, and, particularly flood tolerance like: high stem of seedlings, long stem,
lodging resistance, etc.

- Sending for National Test under different conditions of environment.

- The experiments were carried out on the field test after IRRI regulation (1975-1976).

- The data were treated according to biological statistics methods.

2 3 . Experiment locations:

- Experiment field at the AGL

- Dai cat & Lien mac Agricultural Co-operatives, Tu Bern District, Hanoi.

- Farm of Hanoi Agricultural High School (Tu Hem District, Hanoi)

- Station of Cultivar Testing, Tu liem District. Hanoi.

- Various locations in the provinces: Hatay, Vinhphuc, Bacgiang, Haiphong, Hanoi.

m , Results

3.1. Tamthom mutant rice varieties;

3.1.1. Breeding process;

Wet seeds of Haihau Tamthom rice Var. (original Var.) were irradiated by Gamma ray
(^Co) dose 10, 15 and 20 krad at different moments (66, 69, 72, 75 his) in germinating seed
period. M2 was investigated and discovered mutants. The maturity of some mutants was
lessened 30-40 days than that of the original. From 7th generation: 20th line was selected, namely
Tamthom mutant rice var. It is now in small scale test for evaluating yielding factors and
tolerance/ resistance traits.
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At present, it is entranced in production trial in some provinces of North and Centre
Vietnam.

3.1.2. Some traits of Tamthom mutant rice Var.

It has some characters of form, yield and quality, similar with the original var (Haihau,
Tamthom rice var.). The rice is soft, good tasted and scented as the same original var. It lost
photosensitivity, but is sensitive to temperature, largely adapted, good tolerant to coldness and
drought, so it can be planted two crops/year, suitable to upland soil difficult in draining and poor
in fertility.

It was more suitable in spring and summer crop. In main summer crop, it was earlier 30
days than that in spring crop, the number of seed/panicle is also more the number of panicle/hill
was reduced, the rate of empty grain increased, so the yields of two crops are approximately the
same. Some agronomic traits of Tarn thorn mutant variety were showed in Table 1. (Data
provided by the Center of Cultivar Testing)

Table 1: Some agronomic characters of Tamthom mutant Var. in Winter - Spring crop
(1996-1997) and Summer crop (1997) at Tuliem District, Hanoi.

Indices

Growth duration
(days)

Length of stem
(cm)

Panicles/hill

Length of
panicle (cm)

No of seed/
panicle

Empty seed (%)

P 1000 seeds
(gr-)

Yeild (ton/ha)

Control

155-165

155-160

5-7

25-27

140-170

18.22

19-21

3.5-4.0

Tamthom militant rice Variety

Early crop

Winter-
Spring

175

153.6+0.98

4.1 ±0.17

24.9 ±1.06

1493 ±6.12

25.18

19

2.943

Summer-
Autumn

127

153.9+0.63

4.3+0.22

26.1 ±1.35

1492 ±5.41

20.9

19

3.211

Mala crop

Winter-
Spring

165

155.6± 1.24

4.4+0.25

26.1 ±1.63

153.7+6.8

203

19

3.462

Summer-
Autumn

129

154.2+0.61

4.5+0.28

25.9 ±1.41

148.6+5.92

20.5

19

3.453

Late crop

Winter-
Spring

147

154.7+1.13

4.2+0.21

25.4+1.35

152.2+6.91

22.6

19

3.185

Summer
Autumn

133

135.5+0.66

4.4+0.19

24.6 ±1.28

146.8+6.2
1

20.1

19

3.349

Control variety: Tarn thorn Hai hau summer crop.

The Tam thorn mutant rice Var was recognized as the selected variety for regional
production by the Ministry of Agriculture and Rural Development in February, 1999.
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3.2. DT17 mutant rice varieties:

3.2.1. Breeding process:

It was developed from combination of DT10 rice var and OM80 rice var. Fi with high
heterosis and was selected to Fg. The line selected was called DT17 and was in test production
for estimating yielding factors and tolerant/resistant traits. As result, the long grain DT17 rice
var. was obtained.

32.2. Some traits of DT17 rice Van

Length of stem: 125-140 cm, nice form, erect leafage light green, medium tillering, big
panicle, full bloom and thin seed set, low rate of empty grain (5.0-11%), long grain with light
yellow colour, weight of 1000 seeds 25-26 gram, good quality of cooked rice, good taste,
yielded 6.5-8.0 tons/ha. (Table 2).

DT 17 has high and stable yield. It grows well on lowland in summer crop, the growth
duration fluctuates between 140-145 days (from seed to seed). It has medium tolerance to
coldness so it could not be sown in Spring.

Table 2: Some Agronomic characters of DT 17 rice variety.

Characters

- Length of stem (cm)

- Leafage

- Duration of growth (days)

- Length of seedlings (cm)

- Tillerring

- Maximum of tillers

- Effective tillers

- Length of panicles (cm)

- Number of seeds/ panicle

- Rate of unfilled grain (%)

- Weight of 1000 grains (gram)

- Seed shape

- Quality of cooked rice

- Yield (ton/ha)

DT17

125 -140

Erect, narrow and long plate

145 -150

25-30

Medium

8-10

6.5-7.5

22-27

142-186

5.0-11.0

25-26

Long grain

Well

6.0-9.2
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DT17 should be planted in main summer crop. DT17 rice Var was recognized as the
variety for regional production in February, 1999, by the Ministry of Agriculture and Rural
Development.

3 3 . DT 21 mutant rice variety:

33.1. Breeding process

It was developed from combination of 415 Var and DV2 var. From Fi to F&, the 21st line
was selected and tested in small scale for estimating yield factors and tolerant/resistant traits.
Through line selected, it was called DT21 rice var. The variety was in National trial in Winter-
Spring crop 1996-1997; Summer crop 1997 and Winter-spring crop 1997-1998. It was tested
and entranced in pilot production in North Vietnam.

33.2. Some traits of DT21 rice Van

The length of stem 110-115cm, good lodging resistance, erect leafage, dark green leaves
in the heading time, enough full bloom, contamination by sheath and leaf blight less than its
parent, bright yellow husk, low rate of empty grain (14.2-16%), soft and scent cooked rice. The
rate of milled rice 69%, the medium yield 4.0-4.5 tons/ha. It has good tolerance to coldness,
diseases. The growth duration in the spring crop is 165-170 days, in summer crops 120-130 days.
DT21 agronomic traits were showed in Table 3.

Table 3: Some Agronomic characters of DT 21 rice Variety

Characters

- Length of stem (cm)

- Leafage

- Growth duration (days)

- Tillering

- Maximum of tillers

- Effective tillers

- Length of panicles (cm)

- Number of filled grain/ panicle

- Rate of unfilled grain (%)

- P1000 grains (gram)

- Yield (ton/ha)

DT21

110-115

Relatively clean-limbed, dark green

155-160 spring crop

120-130 summer crop

Medium

8-10

5-6

20-22

103-108

14.2-17.0

25.5-26.7

4.0-4.5
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333. Testing and producing on small and large scale

Through testing and planting from 1994 up to now, in different ecological zones in
North Vietnam like Hatay, Hanoi, Vinhphu, Haihung, Haiphong, Namha, Thanhhoa, Sonla,
Dienbien, Caobang, Tuyenquang provinces, DT21 rice var was recognized as high yielding
variety and could be planted 2 crops per year.

DT21 rice var was recognized for regional production in January, 1998 by Ministry of
Agriculture and Rural Development.

4. Conclusion and recommendation:

4.1. Conclusion:

Tarn thorn mutant Var. has lost the photosensitivity characteristics, so it can be planted
two crops/year, its yield is as the same of original var. (Haihau tarn thom var)

It is suitable for upland soil, poor in fertility, difficult in draining, its rice quality gets the
export standard.

DT17 rice var can reach 6.5-8.0 tons/ha, soft rice and the quality is better than that of CR
203, long grain, it is suitable for customers and export requirements.

DT21 glutinous rice Var, can be sown two crops/year, high and stable productivity,
average yield 4.0-5.0 tons/ha, particularly 5.0 tons/ha. The total area of this var occupies some
thousand ha, mainly in Hanoi, Haiduong, Vinhphuc, Bacgiang, Bacninh, Hatay,
Phutho...provinces.

4.2. Recommendation

The selected varieties are in National Testing Scale now. The extension of the above
mentioned varieties should be encouraged, and expected to receive the financial assistance of
Ministry of Agriculture and Rural Development.
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5.2 IMPROVEMENT OF TRADITIONAL LOCAL RICE
VARIETIES THROUGH INDUCED MUTATIONS

USING NUCLEAR TECHNIQUES

Pham Van Ro and Do Hira At
Cuu Long Delta Rice Research Institute

OMON-CAN THO-VIETNAM

SUMMARY

"Improvement of local rice varieties for high yield, resistance to disease and
insect pests (brown plant hopper and rice blast) and export quality through
induced mutations for the Mekong Delta" started from in 1993. After six years, it
showed effecting on the field in the MD as well as at the south of Vietnam.
TNDB-100 manifest very wide adaptation and yield stable variety. THDB is
suitable for deepwater rice region, coastal area, where rice cultivation effected by
acid sulphate and salinity conditions, is especially. Both varieties are good
example for the method. Thank to good Co-operation from extension center from
provinces. Hundred classes of extension were organized to recommend to the
farmers. And thank to the strongly supporting from IAEA so that nearly 400, 000
ha of TNDB-100 occupied at the south of Vietnam as well as nearly 15,000 ha of
THDB grown* in the coastal as well as rainfed lowland rice areas at the South of
Vietnam.

To continue the rice improvement by this technique, seeds of six traditional
local varieties were exposed under different dose of gamma rays to create new
mutants. At present day hundred improved breeding lines were selected, a dozen
of uniform lines were isolated and entranced the yield trail as well as regional
testing program. From these would be selected improved varieties contribute to
the rice cultivation at the south of Vietnam in the next years.

I. BACKGROUND
Rice is the main food and export product from agriculture in Vietnam. The Mekong

Rive Delta (MD) being "the rice basket", and main source to exports. This region supplies
more than 50% of rice product and 90% of rice for exporting yearly of the country. Vietnam
exported 4,5 million tons of milled rice to the world market in 1999 and became the second
rice export in the world. At present Vietnam's rice yield is higher than that of many countries
in South East Asia. However the quality and export price is generally lower. In addition
annually 1,7 M ha of the delta land effected from salinity as well acid sulphate and/or
drought with different levels in dry season. Single cropping have been replaced by double,
even triple crops in some areas. This is depending on the condition by fresh water from the
Mekong River through canal systems as well as characteristics of the new rice varieties
released to cultivation practice. Quality improvements and breeding rice for areas affected
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from salinity and acid sulphate soil condition play an important role in increasing the value
and markets of the rice exports. Currently improved rice varieties induced through
conventional method have been profitable contributed in these areas. In 1993 rice breeding
through induced mutations using nuclear techniques applied at the Cuu Long Rice Research
Institute (CLRRI). For 6 years only, this obtained meaningful results. This method gained
result that conventional method could not be. It was bring on local traditional varieties low
yield susceptible to disease and insect pests and could not withstand at salinity & sulphate
soil as well as bad quality became new varieties with higher yield better resistance to disease
and insect pests and withstand at the advert soil condition and better quality for exporting.
Furthermore it take shorter time than conventional method so that this method estimated as a
cheaper method. Two induced mutants namely TNDB100 and THDB, which created under
RC/7479 in 1993 and released as national varieties under TC project VIE/5/013 in 1997-
1998 that supported from IAEA, are now growing in larger scale in the MD as well as
through out the South of Vietnam are evidences for this techniques.

II. OBJECTIVES
l.To create new induced mutations with short duration, resistant to brown plant hopper
(BPH) & rice blast (RB) and suitable for rice cultivation areas and export quality in the
Mekong Delta at the coastal areas (saline and acid sulphate soil) is especially.

2.Enlargement area of induced mutations (TNDB-100 and THDB) at the MD as larger as
possible.

HI. MATERIAL AND METHOD
Using effect of various mutagens to create induced mutations from traditional local varieties.

The main mutagens used in rice breeding at the CLRRI were, gamma rays from
source of 60Co, (Y60Co) and chemical mutagen used as EMS to create different mutants with
different objectives to use in rice improvement for the country. In this program two local
traditional varieties namely Tai Nguyen Due (TND) and Tep Hanh (TH) used for study.
These varieties after soaking in fresh water for 24 hours then pull out and put them in
incubator for'germinating take place to the moment of 57, 60, 63, 66, 69, 72, and 75 hours.
After that was exposed under different dose of gamma rays 5,10,15, 20 and 25 Kr. The Ml,
M2, M3 generation on ward grown in the breeding field to select good induced mutations.

IV. RESULTS
Two induced mutations isolated namely TNDB-100 from (TNDB) and THDB from

(TH) varieties respectively. Tai Nguyen Due and Tep Hanh are two traditional local varieties.
These were irradiated at dose of 5Kr, and the germinated to the moment 75hs. And at dose of
20Kr, and germinated moment of 57hs, respectively. These mutants entranced for national
testing program in larger scale at 11 provinces in the MD in 1996. These varieties identified
as good quality for exporting. Since 1997 TNDB100 variety expanded so quickly that not
only in the MD but also for so many provinces in the South of Vietnam.
8 TNDB100 variety was recognized as national variety in 1997. It is the first time an new
improved variety released from mutation breeding using nuclear techniques in the MD. The
releasing TNDB-100 variety verified that the improvement of traditional local rice varieties
through induced mutations using nuclear techniques is a very effective method. After
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releasing for two years only, TNDB-100 not only accepted by fanners at the Mekong Delta
but also accepted by farmers at so many provinces at the south of Vietnam. In accounting
this variety occupied at the Mekong Delta about 41,250 ha in 1997, and 84,250 ha in 1998.
And 203,750 ha in 1999. Among this Vinh-Long province only TNDB100 grown about
150,000 ha in 1999. The areas occupied at the south of Vietnam by TNDB100 up to Winter -
Spring rice crops in 1999- 2000 estimated and showed in the Table 1.

TNDB-100 possess better characters in compare to their original (TND) that is short
duration (95 -100 days while duration of TND is 180 - 200 days due to it's photosensitive so
that it gown only one crop per year), short stature 95-100 cm meanwhile original variety is
180 - 200 cm height), high yield ( 1.5 time higher than original variety), better resistance to
disease as well insect, and export qualities is especially. It should be noticed that TND is a
variety with good cooking quality but could not export due to high chalkiness score
Furthermore it is a variety very wide adaptation to acid sulphate soils as well as need low
input but gave high out put. Farmers they grown 3 crops per year on their field while only
one crop per year if they used TND variety. This character is coincident with condition of
the poor farmers that still the most popular in the MD region. That is one of the reasons to
explain why the TNDB-100 accepted very fast by the farmers at the south of Vietnam.
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Tabl<

No

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

11: Amount seed provided to the extension centers in early year of 1997 and Areas
of TNDB-100 occupied up to at the end of year 1999.

Province

An - Giang

Bac - Lieu

Ba Ria - Vung
Tau

Camau

Can - Tho

Dong Thap

Dong nai

Ho Chi Minh city

Kien - Giang

Long-An

Soc Trang

Tien Giang

Tay - Ninh

Vinh - Long

Lam Dong

NinhThuan

Daklak

Total

Amount seed
provided (kg)

in early of
1997

10

50

1000

10,000

100

100

100

10

500

12,000

100

23,870

Area
occupied at the
end 1997(ha)

1,000

800

500

2,000

12,000

300

100

700

2,000

1,500

3,000

2,000

300

15,000

50

-

41,250

Area occupied
at the end
1998(ha)

1,000

100

500

3,000

16,000

5,850

2,000

2,910

16,480

250

3,000

500

300

70,000

50

110

15

112,050

Area occupied
at the end
1999(ha)

1,000

300

2,000

8,000

18,000

5,000

6,500

300

21,000

400

3,000

1,500

1,000

145,000

100

300

50

203,450

Average
yield

(tons/ha)

5.00 - 8.00

5.00 - 6.00

5.00 - 6.00

5.00 - 7.00

5.00 - 6.00

5.00 - 7.00

5.00 - 5.50

4.50 - 6.00

5.00 - 6.00

6.50 - 7.50

4.50 - 5.00

6.00 - 7.00

4.80 - 6.00

5.50 - 7.00

5.00 - 6.00

4.50 - 8.00

6.00 - 8.00

THDB variety
THDB produced from Tep Hanh (TH) variety. TH is one of the local traditional

varieties at the deep water rice areas in the MD. It is not like TND. TH variety is good
cooking and good quality for export, but plant height is too tall (200 - 240 cm). And very
long duration (180 - 240 days) due to it's photosensitive character as well as very low yield
(2-3 tons/ha only). THDB differ from TH by the good characters. Such as, They are shorter
plant height, medium maturity with photo-insensibility (125 - 135 days), double grain yield
higher than TH as well as so better resistant to disease and insect pest, good resistant to
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lodging, suitable for rainfed lowland rice regions at the coastal areas of the MD. The regions
that fishes, grapes, shrimps and rice are present in the field at the same time. Such as
provinces of Soc - Trang, Ca - Mau, Ben - Tre, Bac - Lieu and Ho Chi Minh city also.
Because, it is transplanting only one crop per year and the farmers grow this variety almost
they are very poor farmers. And living far from economic, polity, education centers. They
suffered traffic very difficulty condition while we could not support to them so that THDB
areas could not expand lager on the field in compare to TNDB-100. One of more different
reason prevent the enlargement of THDB area due to long growth duration so that there are
no farmers wanted seed multiply this variety in the Winter - Spring rice crop to produce seed
for to transplant at the Autumn - Winter and Mua crop. So such so Area transplanted by
THDB up to Autumn - Winter crop season 1997 and 1998 event at the end of 1999 still
limited. Agronomic characters as well as the area occupied in 1997, 1998 and 1999 were
showed in Table 2.

Table 2: Areas occupied by THDB in South of Vietnam up to at the end 1999

No

1

2

3

4

5

6

7

8

9

6

7

Provinces

Soc - Trang

Ca - Mau

HO CHI MINH
city

Bac - Lieu

Dong - Thap

Dong Nai

Ba ria- Vung
tau

Tay ninh

Daklak

Ben - Tre

Can Tho

Total

1997

Area (ha)

2,000

2,000

1,000

500

200

500

500

6,700

1998

Area (ha)

5,100

1,000

1,000

5,200

200

2

500

13,502

1999

Area (ha)

5,000

1,500

2,000

5,000

200

200

50

50

50

200

200

14,450

Grainyield

(Ton/ha)

5-8

6 - 7

6 - 7

6 - 7

6 - 7

6 - 8

5 - 7

6 - 8

7 - 9

5 - 6

6 - 7

Remark

Good tolerant to acid

sulphate soilsgood

resistance to disease
and

insect pests, and
lodging

Releasing THDB variety was meaningful in the coastal areas in the South of Vietnam.
In the normally condition, farmers in these regions grow only one rice crop/ yearly with
photoperiod sensitivities. Almost is local variety that not only very low yield but not stable.
Before releasing of the THDB have not yet any good new variety has been accepted in these
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regions. Although THDB still has not yet completed variety, but it verified that Nuclear
techniques can be use to improve rice for deepwater areas. The THDB is rather suitable and
stable for this region.

The THDB recognized as a national variety to grow at the coastal areas at the south
of Vietnam by Scientific Committee of the Agriculture and Rural Development Ministry in
1999.

• Creating new mutants for rice cultivation at the south of Vietnam emphasis at
saline soil condition.

To create new mutants, dry seed of six traditional local varieties which are well
adapted to saline soils of the coastal areas in the MD namely: Ngoc Bui; Ngoc Nu; Mot Bui;
Trang Tep, Taint Xoan and KhaoDakmali were exposed under gammar rays of dosage of 20;
25; 30 and 35 Kr with 100 gram seed for each dose. Seed after treatment growing in the rice
breeding field as Ml, M2, M3 and so on in 1998 and 1999. From these more than 20,000
induced mutations were selected at the end of 1998. And 400 improved breeding lines
isolated at the end of year 1999. Almost these improved breeding lines possess very
characters. Such as very short duration (90-95 days from seed to seed only), high yield (6-8
tons/ha), good resistance to disease and insect pests (emphasis Brown Plant Hopper and Rice
Blast). Among these there are 12 uniform lines are conducting primary yield trial, two lines
entranced as testing program in the year of 2000.

IV. CONCLUSION
1. The variety of TNDB-100 is expanding very fast not only in the MD but many provinces

in the South of Vietnam also. It became a national variety and to richer rice variety
population in these regions. It showed TNDB-100 is very wide adaptation similar their
original variety but so better quality for exporting.

2. The variety of THDB is also quite well variety, but suitable at the deepwater rice regions.
These regions almost are rainfed lowland rice. Fanners are very poor and traffic is too
difficulty.

3. The new induced mutants harvested almost at the dose of 20, 25, and 30 Kr. These
mutants would be isolated for improved varieties so that contribute to rice production at
the south of Vietnam in the next years.
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5.3 RICE IMPROVEMENT THROUGH

RADIATION- INDUCED MUTATION FOR CULTIVATION

IN SOUTH VIETNAM

Do Khac Thinh, Hung Phi Oanh, Nguyen Thl Cue and
Nguyen Ngoc Quynh

Institute of Agricultural Science of South Vietnam, 12 Nguyen Chi Thanh, Dist.10,
Ho Chi Minh city, Vietnam,

Tel:(84) 8 8390591; Fax:(84) 8 8297650; Email:dkt-fcd@hcm.vnn.vn

For past years, rice varieties cultivated in South Vietnam originated from domestic
hybridisation or from IRRI. Rice mutation breeding has been initiated for recent years. To
meet the requirement of rice production diversification in different agro-ecological areas and
rice genetic resources, from 1993 Institute of Agricultural Science of South Vietnam has
carried out rice improvement by induced mutation of radiation. The mutagen was gamma
rays of 60Co. The goal is to create inherited variations, which cannot be obtained from other
breeding methods, specially important characters of rice varieties (high tolerance to acid
sulfate soil, lodging resistance combined with early maturity), which were difficult to gain
by hybridisation.

With 60Co gamma rays, doses of 10-20 krad, dose rate of 280 krad/h, dry and
germinated seeds of introduced and local rice varieties (IR 64, IR 9729, IR50404, IR 59606,
Jasmine 85, Nang Huong, Tam Xoan) were irradiated. The irradiated seeds were
immediately sown within 24 and 94 hrs for wet seeds and dry seeds after treatment,
respectively. Population of 10,000-15,000 plants were established and evaluated by IRRI
evaluation standard from M2-M7 generations.

365 lines, varieties were selected with better behaviours than original varieties as
lodging resistance, earliness, potential yield, leaf characters, tolerant ability to adverse
conditions etc.

Some good varieties (VND95-19, VND95-20) have been approved as leading national
varieties and released for large- scale production in South Vietnam.

1. MATERIALS AND METHODS

1.1. Materials

Experimental materials included original rice varieties (IR64, IR9729, IR50404,
IR59606) which having fairly high yield, short duration and some good other characters.
However, these varieties have some undesirable behaviours, which need to improve,
especially for linkage characters.

Some aromatic rice varieties were Jasmine 85, Nang Huong, Nang Thom Cho Dao
which are good quality, but long duration and susceptible to diseases and insects
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1.2. Methods

Dry and germinated seeds were treated with gamma rays of ^Co in Nuclear Research
Institute, Dalat city, South Vietnam. The doses of 10-20 krad and dose rate of 280 krad/h
were applied for seed treatment. The wet seeds were treated at 68-72 hours after soaking and
incubating. The dry seeds were broadcasted at 94 hours after irradiating.

Population of 10,000-15,000 plants were established and evaluated by IRRI's
evaluation standard from M2-M7 generations.

2. IMPLEMENTED PROCESS

In Summer-Autumn crop 1993, dry and germinated seeds of IR64, IR9729 were
irradiated and seeded directly in Ml.

In Winter-Spring crop from 1993-1994 to 1995, M2-M5 individual plants were
transplanted hi lines. The best lines selected for yield trials. In Winter-Spring crop from
1994-1995, promising varieties as VND95-20, VND95-19, VND95-26 were identified
through in comparison with control varieties. In 1995-1996 the yield trials of multi-location
were carried out in different Agro - ecological areas of HCM city, Dong Nai, Tien Giang,
Soc Trang, Long An, Ninh Thuan provinces etc. The pilot-demonstrations of promising
varieties were implemented for farmer's evaluation.

Rice varieties as IR50404, IR59606, and IR59656 were irradiated with gamma rays of
^Co from 1995, the selection procedure as the same ways above mention.

1997-1999, results of research and development in mutant varieties were reported. Two
varieties: VND95-19 and VND95-20 were aproved as national varieties in south Vietnam by
scientific council of ISA and Ministry of Agriculture and Rural Development of Vietnam
(MARD).

3. RESULTS AND DISCUSSION

3.1 Research and Assessment on Characters of Mutant Varieties

3.1 J Mutant varieties VND9549 and VND95-20

Agronomic characters

VND95-20 with growth duration of 90-102 days, which is of 7-10 days shorter than
IR64, the original variety. With early maturity, the variety can be cultivated 2-3 crops per
year and can avoid flood and drought influence. VND95-19 is the same growth duration as
IR64.

These two varieties have better plant types than IR64, stiff stems and non-spreading
culm arrangement, therefore that can be able to give higher yield to 1.0-1.5T/ha than IR64
does in the same intensive cultivated conditions.

Two these mutant varieties have larger panicles, more grain number (80-250
grains/panicle) while the original variety has 60-130 grains/panicle. The weight of 1000
grains of two mutant varieties are heavier than IR64 (table 1)
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Table 1. Agronomic characters of two mutant varieties VND95-19&VND95-20

Character
Growth duration (day)
Plant height (cm)
Stem stiff
Seedling vigor ( score)
Culm angle (score)
Grains/panicle

Wt.of 1000 grains (g.)
Grain yield (T/ha)
BPH (score)
Bl (score)
ShB (score)
Leaf yellow (score)
Acid sulfate tolerance

VND95-19
98-108
85-100

Very stiff
1
1

80-250
25-26
5-11
3-4
3-5
5
5

Good

VND95-20
90-102
85-100

Stiff
3
1

60-200
25-26
5-10
3-5
3 - 5

5
5

Fair

IR64 (check)
98-110
85-100

Less stiff
5
3

60-130
24-25
4-8
3-5
3-5
5
5

Intermediate

Source: - National Center of Testing and Certification for Crop Cultivars
- Institute of Agricultural Science of South Vietnam

On tolerance ability, two varieties VND95-19 and VND95-20 are tolerant to disease as
well as IR64 in Blast and Leaf Yellow, but VND95-19 is more tolerant to BPH and acid
sulfate soil. VND95-20 is more adaptability in comparison with IR64. It has adapted in
different locations to the original variety. Two mutant varieties are stronger seedling vigor
which can be better competitive to weeds at early stage than IR64.

Physiological characters

Table.2a Some agronomical & physiological characters of new promising lines and
varieties

No

1
2
3
4
5
6

Variety

VND 95-19
IR6Q819-34
IR65619-6
IR65621
OMCS94
IR64

CV%
LSD 0.05

Flag leaf
area

(cm2)
41.1
40.6
23.6
25.0
26.5
25.5

8
5.3

Flag leaf
angle

(score)
1
1
3
3
1
1

Heading
To harvest

(day)
29
28
24
24
24
26

Harvest
index

0.54
0.55
0.44
0.47
0.46
0.47

4
0.02

Fulfilled
grain

number
119
128
74
65
77
71
5
10

Sink
Capacity
(g/ra2)
1020
1051
800
925
837
970
7

118

In experiments of assessing physiological characters of mutant varieties in comparison with promising
lines of new plant type of IRRI, the results showed that VND 95-19 had some aspects as dry mater yield,
chlorophyll content a,b, flag leaf area, harvest index are higher than that of original variety. These natures are
closely positive correlation with grain yield (Table 2. a, b).
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Table 2b. Some physiological characters and grain yield of new tines & varieties

No.

1
2
3
4
5
6

Variety

VND95-19
R60819-34
IR 65619-6
IR 65621
OMCS 94
IR64
CV%
LSD 0.05

Dry matter weight (g/nr*)
20 DAT

140.9
132.4
78.5
86.1
92.9
83.9

Harvest
Straw
679.1
646.7
711.7
711.8
696.1
477.0

5
62

Panicle
820.7
816.3
560.8
627.8
582.5
622.6

3
0.30

Chlorophyll content
(ug/ml)

5DAH
5.49
5.70
3.58
4.23
5.06
5.30

5
0.32

15DAH
4.19
4.40
2.08
2.79
3.71
3.98

Grain yield
(Tfha)

W-S
7.28
7.57
5.03
5.87
5.73
5.76

A-S
6.09
6.14
5.13
5.32
5.11
5.36

Source : Phan Van Phuc 1999
Remarks: DAT: days after transplanting, DAH: days after heading

W-S: Winter-Spring crop, S-A: Summer-Autumn crop

On grain and panicle characters, VND95-19 consisted of higher total grain number
combining with higher percentage of grains with high specific gravity: 56.21% in
comparison 43.52% of IR 64 (Table 2d.). This resvilt was the same determination for two
crops of W-S and S- A (Table 2c).

Table 2c. Characters of panicles and grains of promising rice lines & varieties in
Sammer-Atttamn Crop

No.

1
2
3
4
5
6

Variety

VND95-19
IR60819-34
IR65619-6
IR65621
OMCS94
IR64 (check)
CV%
LSD 0.05

Unfulfilled
Grains

/pan
30
36
30
26
26
23
16
8.2

%
20.7
23.1
28.0
27.3
25.0
24.2

Intermediate
S.G.grains

/pan
38
41
52
38
36
34

%
26.6
26.3
48.1
40.0
34.6
35.8

High
S.G. grains

/pan
77
79

26
31
42
38
11
8.9

%
52.7
50.6
24.0
32.6
40.4
40.0

Total
Grains
/pan
145
156
108
95
104
95

Remarks: Pan.: panicle
S.G.: specific gravity
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Table 2d. Characters of panicles and grains of promising rice lines and varieties in
Winter-Spring Crop

No

1
2
3
4
5
6

Variety

VND95-19
IR60819-34
ER65619-6
IR65621
OMCS94
IR64 (check)
CV%
LSD0.05

Unfulfilled
Grains

/pan
27
33
24
22
23
22

%
18.5
20.5
24.5
25.3
23.0
23.4

9
3.6

Intermediate
S.G.Grains

/pan
37
44
46
32
33
31

%
25.3
27.3
46.9
36.8
33.0
33.0

High
S.G. Grains

/pan
82
84
28
33
45
41
11
9.2

%
56.2
52.2
28.6
37.9
44.0
43.6
12
9.0

Total
Grains
/pan
145
161
98
87
100
94

Remarks: Pan.: panicle S.G.: specific gravity

Quality of white rice and cooked rice

VND95-19 and VND95-20 had the same size of grains and milled rice as IR64,
VND95-19 has lower 5 % head rice percentage than IR64. Chalkiness of VND95-20 is score
1 which is preferable for export. VND95-19 has light translucent, chalkiness as score 3-5.

The two varieties consist of protein, amylose content and alkali digestion score as the
same IR64. Cooked rice of two mutant varieties were rather sticky event at cool cooked rice
at 6 hours after cooking (table.3) and preferable taste for consumers.

Table 3. Rice quality of two mutant varieties: VND95-19 and VND95 -

Character
Grain length (mm)
Grain width (mm)
L/W ratio
Brown rice (%)
White rice (%)
Head rice (%)
Broken rice (%)
Chalkiness (score)
Protein (%)
Amylose (%)
Alkali digestion (score)
Stickiness

VND95-19
7.25
2.32
3.10
80.80
73.00
50.40
22.60
3-5
9.30

20.50
6

Fairly sticky

VND95-20
7.23
2.12
3.40
81.60
74.00
56.70
17.30

1
9.10

20.00
6

Fairly sticky

20
IR64( check)

7.20
2.30
3.10

81.00
72.00
55.70
16.30

1
9.60

21.50
6

Very sticky
Source: - National Center of Testing and Certification for Crop Cultivars (1997)

- Institute of Post Harvest Technology (1997)
3.2 VND98-1 and promising varieties

3.2.1 VNB98-1 variety

VND98-1 was induced mutation from IR9729.The variety has main agronomic
characters as well as IR9729, original variety: yield, grain quality, and resistant ability to
diseases and insects, except growth duration. The growth duration of VND98-1 has 85-92
days that is suitable to 2-3 rice crops per year. On the other hand, VND98-1 has large
adaptability in different conditions of the Mekong River Delta.
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3.2.2 Promising high yielding rice varieties

IR50404, IR59606, IR59656 have been cultivated in production since 1992 - 1993,
however those varieties still have some undesirable behaviours: lodging, low quality of
milled rice for export. Several promising mutant lines as VND1, VND6, VND65, VND80,
VND126 (induced mutation from IR50404), VND229, VND305, VND361 (from IR59606)
and VND404 (from IR59656). These mutant lines have improved characters better than that
in the original varieties as: high yield, better quality, resistant ability to diseases, insects and
adverse soils. Specially plant type, leaf character of almost mutant varieties are erect, stiff,
non-lodging, consequently that support for higher yielding capacity (table 4)

Table 4. Some mutant rise varieties tested in different locations ia South Vietnam

Variety

VND1
VND3
VND6
VND65
VND126
VND229
VND305
VND361
VND404
VND95-10

VND98-1

Original
varieties
IR50404
IR50404
IR50404
IR50404
IR50404
IR59606
IR59606
IR59606
IR59656
IR64

IR9729

Dose (krad)

10
10
10
10
20
20
20
20
20
20

20

Types of treated
seeds
Germinated
Germinated
Germinated
Germinated
Germinated
Germinated
Germinated
Dry
Dry
Dry

Dry

Improved characters

Yield, resist to disease, insect
Yield, resist to disease, insect
Yield, resist to disease, insect
Yield, resist to disease, insect
Yield, resist to disease, insect
Yield, resist to disease, insect
Yield, resist to disease, insect
Yield, resist to disease, insect
Yield, resist to disease, insect
Earliness, plant type

Earliness, plant type

VND361 and VND404 have been tested and produced in large-scale production of
MRD, SE, and CCA of South Vietnam. Two varieties yielded 5 to 8 T/ha in Wet and Dry
season crops respectively. With 95-105 day-duration, stiff stems, resistance to BPH, BL,
YL. , VND361 and VND404 can develop in different agro-ecological areas and crops. Due
to good quality, these varieties are produced for export.

On treated genetic materials, the results indicated that germinated seeds treated with 10
krad that induced more effectively desirable characters than that with the same dose for dry
seeds. In dry seed treatment, with 20krad, produced more mutant variations of characters and
lower dead percentage in comparison with the same dose with germinated seed treatment.

3.2.3. Aromatic rice varieties
Improvement of rice is difficulty in combination of parent characters as aroma, high

yield and resistance to diseases and insects in a certain progeny plant due to linkage genes.
The induced mutation of radiation is an effective tool for rice breeders.

Many promising lines have been selected from mutant aromatic populations of Jasmine
85, Nang Huong and Tarn Xoan varieties irradiated. These lines have higher yield, shorter
duration, stiff culm, resistance to BPH, BL.
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Table 5. Improved characters of mutant and their cheek aromatic varieties
No

1
2
3
4
5
6
7
8

Character

Growth duration (day)
Plant height (cm)
Stiff culm
Weight, of lOOOgrains (g)
Grain yield (T/ha)
BPH
Bl
Aroma

Jasmine85
Mutant
100
93
Good
26.5
4.9
MR
MR
Fair

Check
100
95
Fair
25.4
4.2
MS
MR
Fair

Nang Huong
Mutant
95
90
Good
26.6
4.7
MR
MS
Fair

check
165
167
Poor
22.4
3.5
S
MS
Fair

TamXoan
Mutant
100
95
Fair
23.4
4.3
MS
MR
Strong

Check
145
135
Poor
20.5
3.2
S
MR
Strong

3 3 Results of testing and production

33.1 VNDf5-19 variety

Since 1995-1996, VND95-19 have been tested and produced in for different areas as:
Mekong River Delta (MRD), South Eastern Vietnam (SE), Central High Land (CHL), South
Central Coast (SCC). VND95-19 gave high yield with 6.4 -10.5T/ha in Winter-Spring crop
(Long An, Tien Giang, Dong Thap,Kien Giang, Daklak provinces). Average yield of 8.1T/ha,
it is about 1.0-1.5T/ha higher in comparison with IR64 at the same conditions.

In Summer-Autumn crop, generally the variety yielded 4.2-6.5T/ha in various
conditions. Due to good plant type, resistant to acid sulfate soil and leading diseases and
insects, VND95-19 adapted in areas where having acid sulfate soil and intensive cultivated
conditions.

Table 6. Grain yield of VND95-19 aad VND95-20 in some provinces of South Vietnam,
1998-1999

Province

Tien Giang
Long An
Dong Thap
An Giang
Kien Giang
CanTho
Soc Trang
HCM City
Binh Duong
B inhThuan
NinhThuan
DakLak
Average

Grain yield (T/ha)
VND95-19
W-S*
6.7-9.8
6.4-10.5
6.7
10.5
7.5
7.2
7.8
7.1
7.5
8.2
7.8
10.5
8.1

S-A*
4.2-6.5
4.5-6.2
5.6
4.7
4.8
-
5.5
5.2
5.5
4.9
4.6
5.1
5.2

VND95-20
W-S
8.4-9.6
5.6-7.1
7.2
6.9
7.0
6.8
7.2
6.5
6.9
8.4
7.6
7.1
7.2

S-A
5.0-6.7
43-5.6
4.8
5.2
5.4
5.1
4.7
4.8
4.8
5.1
5.0
52
5.1

IR64 (check)
W-S .
7.6
6.5
63
6.0
6.8
7.1
-
6.0
5.6
45
.
6.8
6.5

S-A
4.2
4.0
4.6
5.2
-
4.6
3.8
4.2
4.2
4.5
.
5.4
4.4
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Recently, VND95-19 has being cultivated in Long An, Kien Giang, Dong Thap, Soc
Trang, Ben Tre (MRD), Tay Ninh, HCM city, Lam Dong, Ba Ria-Vung Tau (SE), Daklak,
Gialai (CHL) Ninh Thuan, Binh Thuan (SCC) provinces. Cultivated areas of this variety
estimated up to 65,500 ha in Summer-Autumn crop 1999 and W-S crops 2000 (Table 5& 6)

33.2 VND9S-20 variety
Since 1996, VND95-20 has been tested and cultivated in MRD, SE, CHL, CSC. In

demonstration fields, average yield of VND95-20 got 7.2 T/ha (in Winter- Spring crop) and
5.1 T/ha (in Summer-Autumn) which were 15-20% higher than original variety.

Table 7. Cultivated area of VND95-19 and VND95-20 in some selected provinces of
South Vietnam, S-A1999 and W-S Crops, 2000.

Province, region

Long An, Dong Thap, Kien
Giang, Soc Trang, Tien Giang,
CanTho(MRD)
Tay Ninh, HCM city, Binh
Duong, Dong Nai, Lam Dong
(SE)
Daklak, Gialai-Kontum (CHL)

Binh Thuan, Ninh Thuan, Phu
Yen, Binh Dinh (CSC)

Total area

Area (ha)
VND95-19

38,000

10,500

4,500

12,500

65,500

VND95-20

150,500

12,500

4,000

9,500

176,500

Adapted regions
VND95-19
Acid sulfete soil
(ASS) (2 crops/year)

Acid sulfate soil

Intensive cultivation

Intensive cutovHtton,
ASS.

VND95-20
Alluvial sail, ngfatacid
suHste (3 crops/year)

Intensive
cultivation

Intensive
cultivation
Intensive
cultivation

At present, VND95-20 is a leading variety in a varietal group of good quality for export
in South Vietnam. Cultivated area of VND95-20 is speedly increased due to the variety
having preferable characters as very early, high yield, good grain quality, large adaptability.

Nowadays, the cultivated areas is developed in more 176,500 ha in different regions,
specially in MRD (Table 6)

3 3 3 VND 98-1 variety and other promising mutant varieties

VND 98-1 was tested and planted in pilot - production in MRD, the variety is very
short growth duration (85-92 days), high yield and good grain quality. Therefore, in many
locations, this variety has been rapidly developed, especially in regions which affected by
flood and drought.

Promising varieties as VND1, VND6, VND65, VND229, VND230, VND305,
VND361, VND 404 have being tested and produced in multi-locations at SE, CSC, those
varieties seem to be adapted in intensive cultivated areas, acid sulfate soil areas, and in both
two crops (W-S and S-A crop). Nowadays those varieties have been cultivated in large scale
production of South Vietnam. VND361 and VND404 are suggested as regional vatieties.
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4. CONCLUSIONS
Through these results of trials and large-scale production, mutant rice varieties

indicated some properties as following:

- VND95-19 variety can yield more than lOT/ha, better plant type, more resistant to
lodging and acid sulfate soil than the original variety.

- VND95-20 variety can give higher yield up to 15-20 % in comparison with original
variety at the same conditions. The variety is more adaptability, good quality, shorter
growth duration and can be suitalbly cultivated with 3 crops per year.

- Promising lines and varieties as VND98-1, VND1, VND6, VND65, VND229, ,
VND305,VND361, VND 404 have better behaviors as higher yield, stiff stems, high
tolerance to acid sulfate soil than original varieties.
Mutant varieties above have been stable for many crops in large-scale production.
Cultivated area of two new national varieties in South Vietnam estimated, Winter-Spring
crop 1999-2000 as 65,500 ha and 176,500 ha for VND 95-19 and VND 95-20 variety,
respectively.
Induced mutation of radiation is effective to apply in improvement of aromatic rice
varieties combined with other desirable characters .
Radiation - induced mutatation is an effective method in rice improvement; especially
for application in the case of improvement of plant type and other agronomic,
physiological characters that conventional methods are too difficult to be implemented
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5.4 Induction of mutation on mulberry (morus alba I.) by using in vitro
techniques in combination with gamma irradiation

Nguyen van vinh
Department of Biotechnology.

Nuclear Research Institute, Dalat, Vietnam.

Introduction and Scientific background

The Mulberry (Morus alba L.) is one of the important industrial crops in the world with
about 1.500.000 ha cultivated, Vo Ta Linh and Pham Dinh Son [1].

In fact, Vietnam is located near China and India, where Mulberry is cultivated and thus
many varieties of Mulberry are cultivated. Even though different Mulberry can be grown in
Vietnam, their yield is degenerating and has not been improved.

As many vegetatively propagated plants such as Bananas, Potatoes, Sweet potatoes, Carnations,
etc ... Mulberry has its seed progeny with high heterogeneity. Further more, its seed progeny
brings in too many unwanted characters. Mutation induction and selection of desired traits in
combination with in intro techniques for propagated crops offer several advantages over
conventional methods. In addition, the mutants are really stable and the avoidance of the
chimerism will enhance the efficiency of mutation isolation.

Today, agricultural development policy of the Vietnamese Government focuses on food
security and production export. This is the way to increase industrialization and modernization
rapidly in Vietnam. Improvement of crops by biotechnology and mutation induction method
aims at agricultural development. Our plant improvement and genetics group at Nuclear
Research Institute, Dalat, supported by the Vietnam Atomic Energy Commission and
Sericultural Research Center, has carried out a research to improve some Mulberry varieties.
The objectives hopefully are:

1. To conduct biochemical and physiological analyses of collected Mulberry varieties.

2. To improve techniques for boosting yield and better quality in some Mulberry
genotypes by using in vitro technique in combination with gamma irradiation.

1. Material and methods

1.1. Material

Two Mulberry varieties named BauDen (local variety) and VA 186 (imported variety)
were used for the research. Generally, these two varieties have heart-shaped leaves with a height
from 1.8 m - 2.5 m. BauDen especially can be resistant to diseases. All of the samples were
supplied by the Sericultural Research Center.

- 160 -



JAERI-Conf 2001-003

1.2. Method

1.2.1. Method for research of mutation induction.

Two cuts of Mulberry varieties BauDen and VA 186 with length from 18 cm - 20 cm,
bearing 3-5 axillary buds, were treated with gamma rays, Co60. The doses used were 0; 1; 2; 3;
4; 5; 6; 7; 8; 9 and 10 krad. After cuts were irradiated, they were cultivated in the experimental
field to investigate the influence of gamma rays on plantlets, color of leaves, etc... 30 days after
cultivation. From parameters obtained, we choose 4 krad to treat a large number of cuts (1000
cuts) for mutation induction.

1.2.2. Method for research in vitro techniques

Using in vitro techniques in this research is to rapidly isolate mutants in irradiated
population. Young shoots from irradiated plantlets with length of about 10-15 cm, bearing 5 -8
axillary buds, leaves cut off and surface sterilized by alcohol 70%, HgCl 2%0 solution for 3-5
minutes. Then, they were washed at least 5-7 times with sterile water.

The culture media for the two varieties, BauDen and VA 186, are:

- The primary medium: the bazalt inorganic salt medium containing BAP 0.5-2 mg/1

The shoot multiplication medium: The bazalt medium is MS (Murashige and Skoog,
1962) containing vitamins, 20-30 g sucrose, 6-7g agar; 3-5 mg/1 BAP; 1 mg/1 Kinetin
for shoot proliferation.

The rooting medium: The temperature of the fluorescent room is 25°C ±3°C; light
intensity ranges 2000 - 2500 lux and light duration is 10 hours per day and the pH of
all media are 5.8.

2. Result and Discussion.

2.1. Result of radiosensitivity on Mulberry.

100 cuts of each variety were treated with gamma rays. After 30 days, we obtained the
following results:
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Table 1. Frequency and spectrum of variation on BAUDEN

^ ^ ^ ^ ^ Dose
^ ^ ^ k r a d

Spectrum ^ " " " ^ ^

Curled

Single - lobe leaf

Multi - lobe leaf

Part-albino leaf

Solid - albino leaf

Aborted shoot

Early-dividing branch

Double stem

Short nodal

Frequency (%)

Spectrum

0

0

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

2

3

1

0

0

0

0

0

0

4

3

3

2

2

0

1

0

0

1

0

0

6

4

Table 2. Frequency and s
•—^_^__Dose krad

Spectrum "-—•

Curled

Single - lobe leaf

Multi - lobe leaf

Part-albino leaf

Solid - albino leaf

Aborted shoot

Early - dividing branch

Double stem

Short nodal

Frequency (%)

Spectrum

0

0

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

2

2

1

0

0

0

0

0

0

3

2

4

2

3

2

0

0

1

1

0

12

6

5

3

3

2

1

1

2

1

1

14

8

6

5

0

5

4

6

2

3

1

26

7

7

0

0

7

6

8

0

4

2

27

5

8

0

0

5

9

15

0

5

0

34

4

9

0

0

6

-

12

28

0

0

0

46

3

10

-

-

-

-

-

-

-

-

-

-

-

pectrum of variation on VA 186

3

2

2

0

1

0

1

0

0

6

4

4

2

3

1

2

1

1

1

11

7

5

2

4

2

5

1

2

1

17

7

6

0

0

7

0

4

0

3

5

19

4

7

0

0

8

0

7

0

5

3

23

4

8

0

0

8

0

5

16

0

0

0

29

3

9

0

0

0

0

10

25

0

0

0

35

2

10

-

-

-

-

-

-

-

-

-

-

-
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Table 1 and 2 showed that:
Doses of 2 to 10 krad changed the morphology, growth and colour of leaves of

irradiated plantlets.
Frequency and spectrum of variation increase at high doses.

At 4 and 5 krad, plantlets reduced growth 30%.
At 9 and 10 krad,, all of irradiated plantlets were dead.
The are not many differences on frequency and spectrum of variation in BauDen
and VA186.

According to Kamra [2], parameters such as shoot growth inhibition or shoot length
reduction and finally somatic variation observed are requirements, for determining the mutation
induction dose. This is point out in Gunkel [3], Konzak, et. al [4] and Mike, et al. [5].

From the results obtained, we choose 4 krad and irradiated 1000 cuts of each variety.
After 40 days cultivating, all shoot of each plant were cultured and subcuitured from Mi Vi to
M1V4 for the selection and isolation (the data not presented here). All none and irradiated
explants in M1V4 were acclimatized in green house. After 60 days in acclimatization condition,
more than 90% explants have survived and grown well; the height of which is about 25-30 cm.
We transplanted them in the field for selection and isolation.

22. Results of selection and isolation on Mulberry

Table 3. Frequency and spectrum of mutant on BAUDEN

Spectrum

Deformed leaf
Single-lobe leaf
Solid-albino leaf
Small leaf
Big leaf
Thick leaf
Short nodal
Multi branch
Semidwarf
Total number of testing clones
Total number of mutants

Number of mutants

169
204
112
144
192
165
129
156
174

12654
1645

Frequency f% ± m%

0.013 ± 0.004
0.016 ± 0.006
0.009 ± 0.002
0.011 ± 0.003
0.015 ±0.002
0.013 ±0.002
0.010 ± 0.003
0.012 ± 0.002
0.013 ± 0.002

0.13

Control

-
-
-
-

-

-
-
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Table 4. Frequency and spectrum of mutant on VA186

Spectrum

Deformed leaf
Single-lobe leaf
Solid-albino leaf
Small leaf
Big leaf
Thick leaf
Short nodal
Multi branch
Semidwarf
Total number of testing clones
Total number of mutants

Number of mutants

185
214
98
126
215
106
198
175
231

11558
1452

Frequency £% ± m%

0.016 * 0.004
0.018 * 0.002
0.008 ± 0.003
0.011 ± 0.004
0.018 ±0.01

0.009 ±0.006
0.017 ± 0.001
0.015 ± 0.002
0.020 ±0.003

Control

-
-
-
-
-
-
-
- •

-

Table 3 and 4 showed that:

Nine mutation spectrum occurred in M1V4 with 4 spectrum: big leaf mutant, thick leaf
mutant. Multibranch mutant and semidwaf mutant are valuable. According to Aloowalia [6],
Amano [7], Fujita el al. [8], Han Ming Zhai et al. [9] and Lacey et al. [10], mutant obtained in
M1V4 are usually stable. They can be used for cultivating as new clones, or as resources for
hybriding. From their research, some mutants on Potatoes, Apples and mulberry were created.

In 3 year, from 1996-1998, we investigated and evaluated mutants on morphology, yield
in testing fields.
2.2. Results of testing on mutants

Clones

Control
(BauDen)
B-18
(Semidwarf)
Control
(VA 186)
VA-12
(Big leaves)
VA-93-5
Thick leaves)

Height
(cm)

180 ±25

155 ±25

220 ±25

218 ±25

220 ± 25

Table
No. of
leave/

branch

12*3

15 ±3

12.5 ±3

13.1*3

13.5*3

5. Results of testing on mutants
No. of

leaves/tree

130 ±10

128 ± 10

140 * 10

145 ± 10

142 * 10

S of leaves
(D x L) cm

13.1 x 8.8

13.5 x 9.1

15.5 x 11.2

16.8 x 12.1

16.5 x 11.8

Weight of
100 leaves

fer)
119.5 ± 10

122.4 * 10

135.6 * 10

140.7 ±10

150.8 * 10

Total of
branch/

tree
12.5 ±3

14.8 ±3

14.5 ±3

14.8 ±3

15.1*3.

Yield
(ton/ha/
year)

16.5 ±5

177 ±5

20.5 ±5

22.8 ±5

24.5 ±5
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Table 5 show that-
Mutated clones with thick and big leaves had some better characters than control group.
These valuable characters have been stable.
Today, they are cultivated in DonDuong, LamHa, DucTrong, BaoLoc, districts of LamDong
Province.

3. Conclusion.
From 1993-1999, we have carried out the research "Induction of mutation Mulberry (Morus
alba L.) by using in vitro techniques in combination with gamma irradiation" and obtained
11 mutated clones: B93-1, B93-2, B93-3, B-16, B-17, B-18; from BanDen variety and
VA93-5, VA93-8, VA-15, VA-18 from VA186 variety, 3 mutated clones: B-18, VA-12 and
VA93-5 in the obtained mutants are valuable and now fanners of LamDong province are
cultivating as new clones in their fields.
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5.5 Twenty year results on application of induced mutation

in soybean (Glycine max (L.) Merr.) breeding

at Agricultural Genetics Institute (AGI), Hanoi, Vietnam

Mai Quang Vinh, Phan Phai, Ngo Phuong Thinh, Tran Dinh Dong,
Tran Thuy Oanh

Division of Genetics and Upland Plant Breeding,
Agricultural Genetics Institute (AGI), Hanoi, Vietnam.

Abstract

Research on application of the induced mutation method combined with
crossingin soybean breeding for 20 years (1980-2000) plays an important role in
research work at AGI, (Ministry of Agriculture and Rural Development of
Vietnam).

23 soybean varieties and hybrid lines (including 6 local cultivars, 14
selected and introduced varieties, 3 hybrid lines) were treated with Roentgen ray
irradiation, Gamma Ray 60Co with doses 7, 10, 12, 15, 18, 20 krad, and with
chemical mutagens: El, NMU, DNMU, DES, EMS, DEU with various
concentrations 0.008, 0.02, 0.04, 0.06, 0.08%. As the results, we obtained the
important conclusions about the rule of induced mutation process in soybean in
the natural conditions of Vietnam. 8 mutant varieties [INational varieties (DT84)
and 6 regional production varieties (DT83, DT90, DT94, DT95, DT99, AK06
(DT-55). Several promising varieties were selected and released for farmers to
produce in the large areas that occupied 50-90% percentage of soybean
cultivated areas in Vietnam. These varieties have high-yield 1.5-3.5tons/ha, short
growth duration 75-100days, tolerance to cold and hot temperature and can be
planted in 3 crops per year (Winter, Spring and Summer season) over 35-40
thousands ha/year. At present, the mutagens are being used for defect- orientated
repair of some promising hybrid lines, in order to contribute new good varieties
to soybean production in Vietnam.

I. Introduction.

In Vietnam, soybean (Glycine max (L.) Merr.), an important food and industrial crop,
provides the protein need, and oil to human being, the food to animals and the materials to
industry. Although the potency of spreading soybean cultivated area in Vietnam is still large,
but the area increased quite slowly. In 1999, the soybean planted area was reached only to
129,000ha, with yield of 1.2 ton/ha, and the soybean produce was 150 thousand tons,
meanwhile Vietnam had to import 600 thousand tons (equivalent of dried seed) from foreign
countries. From 2005-2010, Vietnam intends to import 0.8-1 million tons/year of soybean.
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Thus the problem, which made by the fact of production and market to Vietnamese
soybean breeders in the last 20 years, was selecting and forming soybean varieties with short
growth duration (75-100 days), high yield (1.5-3.5 tons/ha), good seed quality, tolerance to
diseases, adapted to crop parttern and ecological regions in the whole country.

From 1960, it was showed that soybean was an autogamous species having narrow
genetic base, thus induced mutation seemed to be the most suitable technique for increasing
variation effect in soybean breeding (Conger et al, 1976). Nowadays, by induced mutation,
many authors have formed several soybean varieties, with tolerance to diseases (Tulmann
Neto et al, 1988) with high protein and oil content (Qui and Gao, 1988) and with many
agronomic desired traits (Micke, 1993; D' Surhey et al, 1993; Bhatnagar and Tiwari, 1991).

In Vietnam, Tran Dinh Long (1990) selected M-103 soybean variety by using EL At
AGI, the group, leaded by Mai Quang Vinh (1985, 1987, 1990, 1995, 1998, 2000), carried
out the research on the application of induced mutation and had bred 7 mutant soybean
varieties and tens other promising varieties and lines.

This report summarized 20 year results of soybean mutation breeding program at AGI,
using starting materials as local, introduced, selected varieties, mutant and hybrid lines,
using mutagens with suitable doses, concentrations, treatment methods for repairing the
variety defects and improving varieties, isolating mutant lines.

II- Material and Methods

2.1- Material: from 1980 to 2000 at AGI, 23 varieties and lines were used, consisting of:

• 6 local cultivars: Coc chum, Quang hoa, Dau lang, Cue luc ngan, Xanh bac ha, Cuu
long Delta.

• 7 bred or introduced varieties: DT-70, DT-76, DT-94, 7002, 6871, IS-011, DT-80.

• 10 mutant varieties and lines: M-103, DT-83, DT-84, DT-90, DT-94, DT-95, DT-99,
MV1, MV4, AK04.

2.2= Treatment Methods:

* Dried seeds.

• Gamma ray 60Co with dose of 7,10,15,18,20 krad.

• Chemical mutagens: El, DES, EMI, NMU, DNMU, DEU with concentrations of
0.02,0.04,0.06,0.08% in 2,4, 6 and 8 hours.

m Combining treatment by Gamma ray 60Co with dose of 10 krad and chemical
mutagen Ethyleninine 0.008, 0.02 and 0.05%.

* Treated in pre-embryo phase and zygote cell in flowering phase by Gamma ray 60Co with
the doses of 1, 2,3 krad.

2.3- Study methods?

* Ml plants: study on mitosis index, spectrum and frequency of chromosomal aberration
of parenchyma cell of root-tip; rate of germination in room and field condition, rate of
survival in field, variation rule of morphological characteristics and occurring dominant
mutant.
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M2, M3 plants: study on variation frequency and spectrum, the genetic rule of Ml
variations, variation coefficient, determining optimal dose and concentration of each
mutagen to each variety.

M4 and so on generations: selecting, evaluating obtained mutant collection according to
breeding standard, drawing the influence rule of mutagens to genotype of each kind of
varieties, finding out the optimal condition and treatment method.

Field tests procedure and data statistics were carried out after general principle (Rokiski,
1973, Dospekhov 1979)...

Using method of anaphase analysis (Youssev, Poukhalski 1968). Temporary preparation
made after modified method of lutmann, Topinskaia et al 1975.

Determining the total content of protein by Kjeldhal method and by spectrophoresis
coloring in FEK-65PM method of Buzin; free amino acid by Abadazanhian method
(1978); oil rate by Soclec (Peterburgski, 1968), total content of carbonhydrate by Betram
(Belozerski, Procuriakov, 1951).

EH- Result and discussion:

3 JU Research stages and obtained results (Table 1). 4 research stages:

First stages (1980-1985)?

Dried seed of 12 varieties: Coc chum, Quang hoa, Dau lang, Cue luc ngan, Xanh bac ha,
Cuu long Delta, DT-10, DT-76, DT-94, 7002, 6871, DT-80 were treated by Roentgen ray
with doses 7,10,15,18 and 20 krad, 200R/min and by chemical mutagens: El, DES, EMS,
NMU, NOME, DEU with concentrations 0.02, 0.04, 0.06, 0.08% in 2, 4, 6 and 8 hours. DT-
83 variety was formed, recognized as regional production variety, and 7 other promising
lines were selected.

Second stage (1986-1990):

- Treating Gamma ray ^Co 18 krad on F3 of promising hybrid line D3/33 (F3) of
combination DT-80 x DH-4. From F6 M3 to Fn Ms used the single seed descent method
(SSDM) to select D.84/09 line. The line was tested in 3 crops/year to Fi3 Mio and finally
DT-84 variety obtained with short growth duration (85-90 days) with high yield, large
adaptation. DT-84 was the first soybean variety that could cultivate in 3 crops of Spring,
Summer and Winter in the both South and North of Vietnam. The DT-84 variety was
recognized as the regional production variety in 1994 and as National variety in 1996.

- Treating Gamma ray 60Co with 18 krad on hybrid line F2 of combination K-7002 x Coc
chum. From FsM3 selected after the biological and nitrogen fixation yield (Mai Quang
Vinh et al 1994) and using SSDM to F12 Mio, the line D.73/05 was gained and
considered as the pure variety after being entranced in test trial and selecting through 3
crops succeed in the year. It was named DT-90 (in 1993).

Third stage (1991-1995).

- Treating 6 varieties: DT74, M103, DT83, MV1, MV4, AK04 by gamma ray ^Co with
doses of 10, 15, 18 and 20 krad, El with concentration 0.008, 0.02, 0.05% in 6 hours,
combining treatement with El (0.008, 0.02, 0.05%) and irradiation 10 krad gamma ray
^Co. Four regional production varieties and 3 promising lines were obtained.
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Fourth stage (1996-2000)

- Implementing induced mutation for repairing the defects of DT-95 variety, breeding DT-
98 variety with short plant character, short growth duration and suitable for 3 crops/year.

- Treating hybrid line D.98-099 of combination of IS-011 x Cue moc, breeding DT-99
variety in Winter crop of 1998.

- Continuing to cross 5 other combinations for selecting expected lines.

4 regional production and 2 promising varieties were recognized:

- DT-94 variety: hybrid from crossing 2 mutant varieties DT83 and DT84.

- DT-95 regional production variety in 1997 (selected from line of AK04/021 by gamma
ray 60Co /18 krad): Yellow seed (instead of blue seed), 3crops/year, high yield 1.5-3.6
tons/ha.

- DT-99 regional production variety in 2000: growth duration 70-80 days, 3 crops/year,
yield: 1.4-2.4 ton/ha, tolerance to diseases.

- AK-06 (DT-55) regional production variety in 2000 (selected from S55 line (mutation of
DT-74 when treating with EI-0.02% + 10 krad of gamma ray).

- Promising variety DT-96: hybrid from the crossing two mutant varieties: DT-90 and DT-
84.
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Table 1: 20 year results on application of induced mutation
in soybean breeding at AGI

Stage

1980-
1985

1986-
1990

1991-
1995

1996-

2000

Mutant variety and line

- Local varieties: Coc
chum, Quanghoa, Dau
lang, Cue Luc ngan, Xanh
bac ha, Cuu long delta.

-Locally selected and
introduced varieties: DT
70, DT76, DT94, 7002,
6871.

- F3 hybrid line: D.3/033
(DT80xDT76)

- F2 hybrid line (K.7002 x
Coc chum)

Treating 6 varieties: DT74,
M103, DT83, MV1, MV4,
AK04

Improving DT95 variety

Treating D.98-099 from
combination IS-011 xCuc
moc

Mutagen concentration (%)

and dose (krad)

-Roentgen ray: 7, 10, 12, 15, 18,
20 krad

-Chemical:EI, NMU, NDMU,
DEU,EMS: 0.02; 0.04; 0.06;
0.08% in 2,4,6,8 hours

Gamma ray- 60Co /18 krad

Gamma ray- 60Co /18 krad

- Separated treatment by Gamma
ray Co60 : 10,15,18,20 krad; El:
0.008,0.02, 0.05 in 6 hours

- Combining treatment by El
(0.008, 0.02,0.05%) + lOkrad

- Treating flowing plants of MV1
variety with Gamma ray 60Co and
1,2,3 krad

Gamma ray- 60Co 118 krad

Gamma ray- 60Co /15 krad

Results

Regional
production
variety: DT-83

-National
variety: DT-
84

Regional
production
variety: DT-
90

-4 regional
production
varieties:
DT94, DT95,
DT99, AK06.

- 3 promising
varieties:
AK08, DT98,
S.31

DT98 variety

Regional
production
variety DT-99

3.2. Results on using induced mutation to improve yield component factors, seed
quality and adaptation ability of soybean.

In twenty years, 1 National, 6 regional production, 3 promising soybean varieties and
many other valuable soybean lines, selected by AGI, were recognized by Scientific
Committee of MARD and were permitted to release for production. Some characteristics of
these varieties were showed in Table 2.
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Table 2. Tie characteristics of mutant soybean varieties
and hybrid recognized in 1980-2000

Variety & line

DT-83 (*)

Cocchum (origin)

DT-84 (*)

§T-80 (origin)

§T-76 (§H4)(Con)

DT-90 (*)

K.7002(VX93)(?)

Coc chum (S)

DT94 (•*)

(DT83 x DT84)

DT-95 (*)

AK-04 (origin)

DT-96(**)
(DT84xDT90)
DT-99 (*)
(IS-011 x Cue)

AK-06 (S.55)

§T-74 (origin)

Growth
duration

(days)

90

88

85-90

85-105

89

95-100

90-95

88

90-95

90-103

95-100

95-98

70-80

85-95

95-100

III

40-50

45-50

40-60

40-45

45-50

45-50

45-50

45-55

50-80

40-55

45-50

35-45

40-60

40-60

Flower
color

Violet

Violet

Violet

Violet

Violet

White

White

Violet

Violet

Violet

Violet

Violet

Violet

White

White

Average
yield

(ton/ha)

13-27

8-18

15-35

14-27

12-25

15-30

15-30

8-18

15-30

15-30

15-20

15-30

13-24

17-25

15-23

P1000
seed (gr.)

138

86

160-180

120-140

180-200

180-200

150-180

90

150-160

160

150-180

180

150

165-180

160-170

Seed
color

Yellow

Blue

Yellow

Yellow

Yellow

Yellow

Yellow

Blue

Yellow

Yellow

Blue

Yellow

Yellow

YeUow

Yellow

Crop

Sp-Sm

Sp-Sm

Sp-Sm-W

Sp-W

Sm

Sp-Sm-W

Sp-W

Sp-Sm

Sp-Sm-W

Sp-Sm-W

Sp-Sm-W

Sp-Sm-W

Sp-Sm-W

Sp-Sm-W

Sp-W

Note: (*) Variety acquired directly from mutation
(**) Hybrid variety from mutant parent
Origin: Original variety
Con: Control variety
Sp: Spring
Sm: Summer
W: Winter

After the results by using induced mutation combined with crossing, the breeding works
could:

1- Improve yield component factors:

• Mutant variety DT-83 higher yielding than the original variety Coc chum 70%,
plant higher than 50%.

• Mutant variety DT-84 higher yielding than its parent 30-40%.

• Mutant variety DT-95 higher yielding than original variety AK-04 15-20%.

2- Improve seed quality and color.
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• Change from blue seed to yellow seed: DT-83 and DT-95 varieties have blue seed
meanwhile original varieties Coc chum and AK-04 have yellow seed.

• Seed size: F1000 seeds of DT-83 variety heavier than Coc chum 60% (86 gr. to
138gr) the line NC12 (improved from DT-83) has P1000 seeds of 160gr. The DT-
90 variety has P1000 seed heavier than its parent 20-50%.

• Protein content increased +6.46 to -7.7% in mutant lines from Coc chum, 41.15%
instead 39.50%.

• Improve the craked seed coat character in D.3/33 (DT-80 x DT-76) and breed DT-
84 with less craked seed coat character.

3- Improve temperature resistance:

• The varieties DT-84, DT-90, DT-94, DT-95, DT-99, AK06 (DT55): can be
cultivated in 3 crops/year in Northern provinces of Vietnam by combining heat
and cold resistance of their parent.

• AK-06 variety can be planted in 3 crops in North Vietnam after improving non-
tolerance to heat character of the original variety DT-74.

4- Improve growth duration:

Mutant line DT95/049 of DT-95 variety shortened 8 days of growth duration.

23- Some expressions of mutation process rule of soybean varieties in Vietnam:

Through the practical research on mutation process and mutant soybean variety breeding
at AGI, some conclusions were reported as follows:

1- The dry seeds newly harvested, stored less 3 months, having high survival rate,
can tolerate to high dose or concentration of mutagens treated. They can generate
more variations/mutants than the longterm stored seeds.

2- The genetic sensibility ability of the local varieties is higher than that of the
selected and imtroduced varieties. Mutant frequency of local varieties usually
was lower.

3- It is possible to use cytological methods, meiose index, chromosomal aberration
frequency combined with physiological methods (germination rate, survival rate,
chlorophyll variation frequency, optimal concentration and dose of treatment) to
obtain the most useful mutation spectrum.

4- The effective concentrations of mutagen: EI-0.02-0.04%; NMU, NDMU: 0.06%;
EMS, DEU, DES: 0.02-0.06% in 6-8 hours pH: 6 or 7, doses of radiation: 15-18
krad. Especially the treatment with El (concentration 0.02-0.04%) combined
with gamma ray 10 krad can give many valuable mutations in soybean.

5- The use of induced mutation can improve some economic and morphological
characters in soybean, and improve economic characters of local varieties in
keeping valuable characters of the original varieties.

6- Seven varieties were released to production, occupying the percentage of 50-
90% soybean cultivated area in Vietnam.
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IV. Conclusion and Suggestion:
1. To continue the research on application of induced mutation in soybean breeding

through: improving yield capacity, repairing variety defects, breeding genie male
sterility line...

2. To support for developing and spreading of soybean cultivated area by mutant
soybean vareities with high yield, good seed quality, adapted largely to many
ecological areas. To contribute completing the crop-pattern by increasing number
of crop/year for promoting soybean production in order to satisfy the increasing
need of the people.
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5.6 Mutation induction by ion beams in plants
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Introduction

Ever since Stadler showed mutation induction in maize by X-rays in 1928, a great deal
of studies on the mutagenesis in plants by ionizing radiation have been carried out for the
breeding or basic researches. The effect of ion beams was also investigated and found that
ion beams show high relative biological effectiveness (RBE) of lethality, mutation, and so
on (Blakely 1992, Lett 1992), but the characteristics of ion beams on the mutation induction
were not clearly elucidated yet. As ion beams deposit high energy on a target densely and
locally as opposed to low linear energy transfer (LET) radiation such as gamma-rays, it is
well suggested that ion beams predominantly induce single- or double-strand DNA breaks
with damaged end groups whose reparability would be low (Goodhead, 1995). Therefore, it
seems possible that ion beams can frequently produce large DNA alteration such as
inversion, translocation and large deletion rather than point mutation, resulting in producing
characteristic mutants induced by ion beams. However, mutation frequency and its spectrum
by ion beams are hardly obtained in plants, although only Mei et al. (1994) reported that a
rearrangement was induced in the semi-dwarf mutant of rice by argon ions.

Takasaki Ion Accelerators for Advanced Radiation Application (TIARA) has been
established as the first facility of ion beams for biological use in 1993. We have
investigated the characteristics of ion beams for the biological effects and the induction of
mutation (Tanaka et al. 1997a, Shikazono et al., 1998, Hase et al., 1999). Here, I will
introduce the characteristics of ion beams as well as new mutants induced by ion beams.

Irradiation

Several kinds of ion beams such as C, He and Ne ions were used in this study. All ions
were generated by the AVF-cyclotron (JAERI, Takasaki, Japan). The physical properties of
the 220 MeV carbon ions that are preferentially used in this study are as follows: Incident
energy at the target surface was 17.4 MeV/u, mean linear energy transfer (LET) in a target
(0.25 mm thickness) was estimated to be 110 keV/{xm as water equivalent, and the range of
ions was ca. 1.0 mm. These physical properties were calculated by ELOSS code program, a
type of modified OSCAR code program (Hata and Baba 1988). Particle fluences of the ions
were determined using a diethyleneglycol-bis-allylcarbonate (CR-39) film track detector. 2
MeV electron beams (JAERI, Takasaki, Japan) were also used as a low LET ionizing
radiation control.

In general, ion beams were scanned at more than 50 X 50 mm, and exited the vacuum
chamber through the beam window made of a 30 \im titanium foil. The irradiation sample
was placed in the air at the distance of 10 cm from the beam window. In the case of
Arabidopsis or tobacco seeds, 100-3,000 seeds were sandwiched between kapton films (7.5
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\im thickness) to make a monolayer of the seeds for homogeneous irradiation. In the case of
rice or barley seeds, embryo side was kept facing toward ion beams. Whereas, in the case of
calli or explants in a petridish, the lid of petridish was changed to a kapton-film cover in
order to decrease the loss of the energy of ion beams. Samples were irradiated for less than 3
min for all doses.

Mutation frequency

In order to estimate mutation frequency of a locus induced by ion beams, we chose
Arabidopsis visible phenotype loci, i.e., transparent testa (tt) which seed coat is transparent
because of pigmentless, glaborous (gf) which has no hair on their leaves and stems, and long
hypocotyl (hy) which hypocotyl is longer than wild type in the light condition. In this study,
irradiation doses for the induction of mutation were determined from the RBE of carbon
ions compared with that of electrons on the survival of plants, which was approximately 5,
and further determined from the fact that both doses are at the three quarters of the shoulder
dose of each survival curve (Tanaka et al. 1997a).

First of all, complementation analysis has been performed to determine the locus of the
tt, gl or hy phenotype. Unexpectedly, complementation analysis revealed that new tt loci
(tentatively named as ttA and ttB) were found. Mutation frequencies per locus per diploid
cell per dose for carbon-ion induced tt, gl, and hy were 2.6X10"6, 1.9 X10"6, 2.3 X10"6,
respectively and for electron-induced tt, gl, and hy mutation frequencies as controls were
0.08 X10 , 0.25 X10"6, and 0.14 X10"6, respectively (unpublished data). Thus, mutation
frequencies by carbon ions were 8 fold to 33 fold higher than those by electrons.

Mutation spectrum
Mutation spectrum has been investigated on the flower color of chrysanthemum cv.

Taihei (pink color) by Nagatomi et al. (1995, 1997). The explants of leaf and floral petals
incubated in agar medium were irradiated with carbon ions of 220 MeV. After irradiation,
the culture was transferred to a hew medium to induce callus. The mutation induction of the
regenerated plants from the callus was investigated, comparing the results with those with
gamma-ray irradiation. The mutation rates of flower color induced by ion beams were
approximately half of those induced by gamma rays in both floral petal and leaf. The most of
flower color mutants induced by gamma rays were light pink, and a few were dark pink
color. On the other hand, flower mutants induced by ion beams showed complex and stripe
types other than single color. The complex-type flower color mutants increased as the dose
of ion beams rose. The color spectrum of the ion beam-induced mutants shifted from pink to
yellow. Those specific mutants such as complex and striped color types have never obtained
by gamma-ray irradiation in the cultivar.

Molecular analysis of mutants

In order to investigate the DNA alteration of mutations induced by ion beams in plants,
polymerase chain reaction (PCR) analysis was performed to compare DNA fragments
amplified from carbon ion- and electron-induced Arabidopsis mutants (Shikazono et al.
1998a). Until now, twenty-two mutants of TT3-TT6, TTG, TTA and GL1 (Shikazono et al.
1998b) loci have been isolated and investigated for the PCR analysis using with several
pairs of primers for each locus.
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13 loci out of 26 loci possessed point-like mutation because all primer pairs could
amplify the corresponding fragments. 6 loci showed the missing fragments for several
primer pairs, indicating that those mutants might have rearrangement such as inversion or
translocation. Whereas, 7 mutant loci out of 13 loci seemed to possess large deletion
covering their own loci, because no amplified PCR fragment with every primer pair was
obtained. These results imply that, in the case of mutation induced by ion beams, half of
mutants have point-like mutation and the other half of mutants have large DNA alteration
such as inversion, translocation and large deletion.

Three mutants that have rearrangements were analyzed in their sequences of the genes.
Common feature is that all the DNA strand breaks induced by carbon ions were found to be
rejoined using short homologies. These results suggest that the non-homologous end joining
pathway operates after plant cells are exposed to ion beams.

New mutants Induced by Ion beams
Arabidopsis thaliana

(l)UVB resistant mutants (ultraviolet-light insensitive (uvi))

Four UVB resistant mutants (uvil~uvi4) have been isolated in 5,100 M2 families derived
from carbon ion-irradiated 1,280 Mi seeds. Especially, uvi2 showed very high abilities of
both photoreactivation and dark repair. The reduction of CPD and (6-4) photoproducts that
are two major DNA damages caused by UVB, are both faster in uvil than in wild type,
indicating that uvil mutation would gain the DNA reparability (Tanaka et al, 1999).

(2)anthocyanin spotted testa (ast)

A new phenotype that has the spotted pigmentation on the seed coat has been isolated
from 11,960 M2 plants derived from 1,488 self-pollinated Mi. Accumulation of pigment is
observed only in the seed coat. Anthocyanin content was about 6 times higher at 6 days after
flowering than that of the wild type seeds (Tanaka et al. 1997b).

(3) New tt loci

As described above, two new loci of tt phenotype (ttA, ttB) have been found along with
the research of mutation frequency experiment (unpublished).
(A) frill (frl)

A novel flower mutant, frll, was isolated like ast. Thefrll mutant has serrated petals
and sepals but the other floral and vegetative organs appear to be normal. FRL1 gene should
act in petal and sepal development in an organ identity-specific manner (Hase et al. in press).

Other plants

(5) Flower color mutants in chrysanthemum

As already described in mutation spectrum, complex and strip types of flower color have
been obtained in chrysanthemum. A higher mutation frequency of complex flower color
mutants were derived from floral petal irradiation than that from leaf irradiation (Nagatomi
etal, 1995).
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(6) Potato virus Y resistant mutants in tobacco

In order to develop an efficient procedure for obtaining a desired mutation, ion beams
were exposed to tobacco anthers, and potato virus Y (PVY) resistant mutants have been
selected. High frequency (2.9~3.9%) of resistant mutants was obtained by the irradiation of
C and He ions with dose of 5-10 Gy (Hamada et al 1999).

(7) Yellow mosaic virus resistant mutants in barley

Two mutant lines of yellow mosaic virus resistant barley were found in ca. 50,000 M2
families. The resistance in field was not changed over three generations (Kishinami et al.
1996)

(8) Blast resistant mutants in rice

High efficiency of getting blast resistant mutants of rice was obtained using ion beams,
although resistant mutants were already obtained by gamma rays and thermal neutrons
(Nakaietal. 1995).

- 1 7 7 -



JAERI-Conf 2001-003

Conclusion
The uvil~uvi4 mutants were induced from 1,280 Mi, and the ast andfrll mutants were

obtained from the offspring of 1,488 Mi seeds. As ion beams showed high induction of
mutation of the known loci such as tt, gl, hy, it would be true that ion beams can highly
induce not only known mutants but also novel mutants. In chrysanthemum, complex and
striped flower-color mutants that has never induced by gamma-rays irradiation have been
produced, indicating that ion beams could induce a lot of kinds of mutants on the similar
phenotypes. In conclusion, the characteristics of ion beams for the mutation induction are 1)
to induce mutants with high frequency, 2) to show broad mutation spectrum, and 3) to
produce novel mutants. For these reasons, chemical mutagen such as EMS and low LET
ionizing radiation such as gamma rays will predominantly induce many but small
modifications or DNA damages on the DNA strands, resulting in producing several point-
like mutations on the genome. On the contrary, ion beams as a high LET ionizing radiation
will cause not so many but large and irreparable DNA damages locally, resulting in
producing limited number of null mutation (Fig. 1).

Ion beams that produce novel and null mutation with high frequency will be useful as a
mutagen for mutation breeding and developing gene resources in plants.

Energy deposition

Gamma rays

Spur: ~3nm

Ion beams

Irradiation to cell

Gamma rays:
2,000 spurs /Gy

Mutation (hypothesis)

gene:
-2000nm

Point mutation
(base substitution,
frame shift)

Core:

0
- • »

Carbon ions:
4 tracks / Gy

Deletion,
translocation,
inversion

Fig. 1 Characteristic of energy transfer of ion beams for mutation induction
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Abstract

At the Agricultural Genetics Institute (AGI), Hanoi, Vietnam, a number of
thermo-sensitive genie male sterility (TGMS) homozygous rice lines have been
developed by means of experimental mutagenesis followed by anther culture
techniques. One of them (TGMS-1 indica mutant line) was used in this research.
The critical temperature (at the period from pollen mother cell formation to the
beginning of meiotic division) for TGMS-1 sterility was 24-25°C, below which
the plants were fertile and above which the plants became sterile. Segregation
analysis showed that the TGMS trait of the TGMS-1 mutant line was controlled
by a single recessive gene.
An F2 mapping population from a cross between TGMS-1 mutant line and CHI
(a fertile indica line) was developed for tagging and mapping the TGMS gene.
From survey of 200 AFLP primer combinations in a bulked segregant analysis,
4 AFLP markers (E2/M5-200, E3/M16-400, E5/M12-600 and E5/M12-200)
linked to TGMS-1 gene were identified and cloned. All except E2/M5-200 were
found to be low-copy number sequences. The marker E5/M12-600 showed
polymorphism in RFLP analysis and was closely linked to the TGMS gene at a
distance of 3.3cM. This marker was subsequently mapped on chromosome 2
using doubled-haploid mapping populations derived from the crosses
IR64xAzucena and CT9993xIR62666. Linkage of microsatellite marker RM27
with the TGMS gene further confirmed its location on chromosome 2. The
closest marker, E5/M12-600, was sequenced so that a PCR marker can be
developed for the use in marker-assisted breeding.
The application of TGMS genes to the commercial two-line hybrid rice breeding
system was discussed.

Introduction

Hybrid rice is one of the most significant advances in agriculture today. According to
FAO data, the area under hybrid rice in 1990 was 10 percent of the world rice area but it
produced 20 percent of the total rice production. From this we can roughly calculate that, if
conventional rice were completely replaced by hybrid rice, the total rice production in the
world be doubled and could meet the food requirements of one billion more people.
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insulting the starvation problems affecting humankind (Yuan et al., 1995). The application of
genetic male sterility in hybrid rice production has the potential to increase rice yield
significantly. The discovery and application of conditional genie male sterile rice brought a
new break-through to hybrid rice breeding. Two types of genie male sterile rice have been
discovered and have been successfully developed in China. They are photoperiod-sensitive
genie male sterile (PGMS) and thermo-sensitive genie male sterile (TGMS) rice. The genes
controlling these two types of rice genie male sterility are called PGMS genes and TGMS
genes, respectively. Since the conventional three-line system for producing hybrid rice is
time-consuming and costly, a two-line system using either PGMS or TGMS rice has been
developed.

The pollen fertility of TGMS rice is regulated by temperature. Most TGMS lines are
sterile at a high temperature (>25°C), but fertile at lower temperatures (Sun et al. 1989).
Therefore, TGMS plants can be used not only as a male sterile line, but also as a maintainer
line, thereby providing the opportunity to produce hybrid rice by the two-line system. There
are many advantages of the two-line hybrid breeding system using TGMS rice as compared
to the conventional three-line CMS system. First, as indicated above, because TGMS rice
can be used both as a sterile line and a maintainer line, the development of female (or seed)
parent will be simplified. Secondly, TGMS rice has a broad spectrum of fertility restoration;
almost all of the indica rice and most of the japonica rice can be used as its pollen donor
(male parent) to produce fertile Fl hybrids. A restorer line can easily be obtained among the
wide range of germplasm available, therefore, the deliberative efforts of developing the
restorer lines in the traditional three-line method are also eliminated. Thirdly, the negative
effects caused by a restricted sterile cytoplasm source is avoided. These advantages make the
two-line hybrid breeding system developed from TGMS rice simpler and more economical
than the widely used three-line system. Its application in hybrid rice production will greatly
reduce the cost in labour, time and resources (Wang et al., 1995). Therefore, Chinese,
Japanese and IRRI scientists have been obtaining and using TGMS lines. However, little is
known about the molecular genetics of PGMS and TGMS genes. Using bulked extremes and
recessive class to map genes for photoperiod-sensitive genie male sterility in rice was
reported by Zhang et al. (1994). Tagging and mapping the TGMS gene in rice (Oryza sativa)
was first reported by Wang et al. (1995). Molecular mapping of a thermosensitive genetic
male sterility gene in rice using bulked segregant analysis was second reported by Subudhi et
al. (1997).

Currently the Agricultural Genetics Institute (AGI), Hanoi, Vietnam is participating in
a government-sponsored research project on hybrid rice. We have obtained some India rice
mutants of TGMS. All of them are fertile at temperature under 25°C and sterile at
temperature above 25°C. Some of them are promising for hybrid seed production. In this
paper, we report the tagging and mapping of the TGMS gene from TGMS-1 mutant line
developed at Vietnam using AFLP, RFLP, and SSR techniques combined with bulked
segregant analysis. This is a first step toward to developing PCR markers for marker-assisted
selection in the commercial two-line hybrid rice production system.

Materials and Methods
Characterization, segregation analysis and plenotyplng of the TGMS-1 line

The TGMS-1 mutant line was obtained by gamma irradiation on a Vietnamese indica
rice cultivar "Chiem Bau" at the Agricultural Genetics Institute in Hanoi. An F2 population
developed from a cross between an indica TGMS-1 mutant line and an indica fertile
doubled-haploid CHI line was used for tagging and mapping the TGMS gene.
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To determine pollen and spikelet fertility, twenty to thirty florets were sampled at
anthesis from primary panicles and fixed in 70% ethanol for examination of pollen fertility
using a 1% iodine/potassium iodine solution. All round, dark-browned stained pollen grains
were scored as normal fertile, and irregular-shaped, yellowish or light brown colored pollen
grains were scored as sterile. Two hundred to three hundred pollen grains from three
randomly chosen fields on each slide were evaluated. The filled and unfilled spikelets were
counted and spikelet fertility was calculated as number of filled grains divided by the total
number of grains. Plants with less than 5% stained pollen and/or seed set were considered
sterile, whereas plants having more than 50% stained pollen and/or seed set were classified
as fertile.

The segregation analysis of TGMS expression was conducted on the F2 population, in 3
replications (with 428, 460 and 409 plants, respectively) at the day-time temperature higher
than critical (>25°C) during panicle initiation stage. Chi-square test was performed to
determine the goodness of fit to 3:1 ratio.

A mapping population consisting of 114 F2 lines was used to tag and map the TGMS
gene. Leaves of all the 114 F2 individual plants were cut, lyophilized and stored in a freezer
for the use in next DNA experiments. The phenotyping experiment was carried out for 114
F2 individual plants (and the both parents) at greenhouse of Agricultural Genetics Institute,
Hanoi, Vietnam. The temperature of greenhouse at that time was 26-35°C in the day and 22-
25°C at night.

For segregation analysis and phenotyping experiment, the sterile and fertile individuals
were identified based on pollen and spikelet fertility determined as described above.

DNA extraction and AFLP analysis
DNA from each F2 individuals along with both parents was extracted following the

method of McCouch et al. (1988). For each sample, the DNA concentration was determined
using spectrophotometer 160U (SHIMADZU Corporation, Japan) and combined with
running in 0.8% agarose gel along with samples of known concentration of genomic DNA,
The DNA were cut with EcoRI and Msel restriction endonucleases followed by liagation
with EcoRI and Msel adapters.

Bulked segregant analysis (Michelmore et al., 1991) was performed in conjunction with
AFLP technique (Vos et al.1995) with some modification. The bulks were made by pooling
equal amount of 20 pre-amplified DNAs obtained from fertile plants (Bulk-F) and 20 pre-
amplified DNAs obtained from sterile plant (Bulk-S) of this mapping population. Two bulk
samples along with the parent were then subjected to AFLP analysis. Amplified Fragment
Length Polymorphism (AFLP) was carried out with two oligonucleotide primers, one
corresponding to EcoRI-end and the other corresponding to Msel-end. A total of 200 primer
combinations (Operon Technology Inc., Alameda, California) with different number of
selective nucleotides were used to amplify AFLP bands. One of the two primer was end

labeled, using EcoRI primer, [y- P]-ATP and T4 polynucleotide kinase. The AFLP reactions
with primers having two or three selective nucleotides were performed in 12-fil reaction
volume. The AFLP reaction products were mixed with an equal volume of formamide dye
(98% formamide, lOmM EDTA, pH 8.0, and bromophenol blue and xylene cyanol as
tracking dyes). The mixtures was denatured for 10 min at 94°C and then quickly cooled in
ice. All the PCR reactions were carried out in a PE-9600 thermocycler (Perkin Elemer Corp.,
Norwalk, Conn., USA). Each sample (3.5-4 fil) was loaded on a 4.5% denaturing
polyacrylamide gel, run in lxTRIS-borate EDTA electrophoresis buffer. Then the gel was
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dried for 2 h before subjecting it to autoradiography. The primer combinations showing
putatively linked AFLP fragments were then tested with whole F2 population.

Isolation, cloning and sequencing of AFLP fragments
To isolate the putatively linked AFLP fragments, the X-ray film was sticked with the

dried polyacrylamide gels in four corners by tapes during this film is exposing. The position
of an AFLP fragment on the dried polyacrylamide gel was determined by making four
corners of the dried gels on the autoradiogram with needles. The autoradiogram was aligned
with gel to isolate the AFLP fragment of interest. After that the AFLP fragments were eluted
in 100 \il sterile water for 15 min at 100°C. Some 5-10 nl of the elute were re-amplified with
the same primer combinations and reaction conditions that had revealed the putative AFLP
fragments linked to the TGMS gene. After separating on 2% agarose gel, the fragment with
the correct size was eluted using Qiagen gel extraction kit (Qiagen, Hilder, Germany)
according to the supplier instructions and then cloned into pGEM-T-Easy Vector Systems
(Promega). Each selected clone with expected insert size was checked by Southern
hybridization to confirm that the clones corresponded to the fragments of interest. The clones
of putative AFLP markers were sequenced by the dideoxy chain-termination method using
the sequenase cycle sequencing kit (Amersham).

RFLP analysis
In order to confirm the putative linkage between the TGMS gene and putative AFLP

markers (the AFLP fragments: E2/M5-200, E3/M16-400, E5/M12-600, and E10/M12-200),
the AFLP blots of F2 individuals and parents were hybridized with the AFLP fragments
(used as probes). The AFLP blots were prepared from selected amplification products using
the same primer combinations and reaction conditions that had revealed the putative AFLP
markers linked to the TGMS gene. All the AFLP fragments linked to the TGMS gene were
also hybridized to genomic DNA blots of parents after digesting with 17 different enzymes
EcoRL EcoRV, Hindm, Dral, Xbal, PstI, Apal, KpnL Xhol, BamHL BglL BgllL Pvul, Smal,
Sad, Seal, and MM). Co-segregation in the F2 population was confirmed with enzymes that
showed polymorphism between the two parents.

Populations used for mapping AFLPs
A doubled haploid (DH) population consisting of 135 lines developed in IRRI from the

cross "IR-64xAzucena" was used as mapping population for which an RFLP framework map
has been developed (Huang et al., 1994). Parental survey blots were made, digesting with the
same 17 enzymes described above using E3/M16-400, E5/M12-600 and E10/M12-200
markers linked to the TGMS gene as probes. Those probe/enzyme combinations showing
polymorphism between the parents were used to survey the available 70 lines of the DH
population. In the same way, another DH mapping population from the cross CT-9993xIR-
62266 (Zheng et al., 1998) was also used for mapping the AFLP fragments.

Linkage analysis
After AFLP markers mapped on the chromosome, a number of RFLP markers and

micrpsatellite markers from this region were used for a parental polymorphism survey. SSR
analysis was performed for the five microsatellite markers RM8, RM27, RM29, RM53 and
RM262 using 50 ng of genomic DNA of F2 individuals from bulk-F, bulk-S, and parents
(Panaud et al., 1996). Subsequently, the whole F2 population was surveyed for microsatellite
and AFLP markers showing polymorphism between parents. The phenotype, RFLP, AFLP,
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and SSR data were combined for linkage analysis using the MAPMAKER program (Lander
et al. 1987) and a partial linkage map of the region of the chromosome surrounding the
TGMS gene was constructed using Kosambi mapping function (Kosambi, 1944).

Results

Segregation of the TGMS gene in the Fz generation
The segregation analysis of TGMS expression was conducted on the F2 generation, in 3

replications (in 1996,1997 and 1998 with 428, 460 and 409 plants, respectively) at the day-
time temperature higher than critical (>25°C) during panicle initiation stage (Table 1). The
segregation of fertile to sterile plants in the F2 generation followed 3:1 ratio, indicating the
monogenic recessive nature of the TGMS gene.

Table 1. Number of fertile and sterile F2 individuals at temperature higher than critical
(>25°C)

Year

1996

1997

1998

Total
number of

plants

428

460

409

Number of
fertile plants

315

350

298

Number of
sterile plants

113

110

111

Theoretical
segregation

ratio

3:1

3:1

3:1

x2

(3:1)

0.34

0.28

1.02

P-value

0.50<P<0.80

0.50<P<0.80

0.20<P<0.50

Identification of AFLP markers linked to TGMS gene
Bulked segregant analysis was employed to identify AFLP markers linked to the

TGMS gene. A total 200 AFLP primer combinations were used to screen the polymorphism
between the two bulks and two parental DNA samples. Four markers (E2/M5-200, E3/M16-
400, E5/M12-600 and E10/M12-200) were polymorphic between both the bulks as well as
the parents. Those AFLP markers were named by using the name of enzyme combination,
the primer combination and molecular weight of the AFLP fragment. Co-segregation
analysis with AFLP techniques using 124 F2 individual progenies was performed.

Cloning and sequencing of AFLPs linked to TGMS gene
To facilitate for later analysis of the TGMS gene, four AFLP markers were cloned. The

identities of the cloned AFLP markers were verified by Southern hybridization of the cloned
fragments to the selective amplification product of individuals that segregated for that
particular AFLP band. This hybridization verification confirmed that the fragments cloned
was correct and was linked to the TGMS gene.

E5/M12-600 AFLP fragment was sequenced. The sequence data revealed the presence
of a selective amplification primer sequence, thereby confirming the correctness of the
fragment. The DNA sequence of this marker has been deposited in GenBank under
Accession No. AF070954.
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Linkage confirmation
In order to further confirm the linkage between four putative AFLP markers and the

TGMS gene, those markers were radio-labeled and hybridized to blots containing two
parents DNA that digested with 17 enzymes. Out of them, E3/M16-200, E5/M12-600 and
E10/M12-200 were single copy and E2/M5-200 contained repeated sequences, but only
E5/M12-600 shown polymorphism between parents with Apal-enzyme. Then co-segregation
analysis was confirmed. The distance between the TGMS gene and E5/M12-600 was
estimated to be 3.3cM based on the recombination data observed from this F2 population.
This result was in agreement with that obtained from AFLP analysis and co-segregation data
using AFLP and RFLP blots (Fig.l).

Chromosomal location of TGMS gene
To determine the chromosome location of the TGMS gene, the polymorphic AFLP

fragments were mapped using the doubled haploid JR64xAzucena mapping population.
E5/M12-600 marker detected polymorphism between parents of mapping population with
PstI and EcoRI enzymes while no polymorphism was observed for E3/M16-400, and
E10/M12-200 markers. The 70 selected doubled haploid lines of this mapping population
were surveyed using PstI and EcoRI enzymes. Both combinations E5/M12-600-probe/PstI-
enzyme/EcoRI-enzyme showed the segregation in normal Mendelian fashion. E5/M12-600
marker was mapped on chromosome 2 near the marker RG437 at distance 9.1 and then re-
mapped with a DHL mapping population from the cross CT-9993xIR-62266. It was
confirmed that E5/M12-600 marker was also located on the same region of chromosome 2.

To further confirm the chromosomal location of the TGMS gene, 6 selected RFLP
markers (RG437, RZ643, RG157, RZ599, RG171 and RG83) (Causse et al.1994) and 5
microsatellite markers (RM8, RM27, RM28, RM53 and RM262) (Chen et al. 1997) closely
linked to E5/M12-600 on chromosome 2 were used for a parental polymorphism survey. One
microsatellite (RM27) showed co-segregation with the TGMS gene. All above evident leads
to conclusion that the TGMS gene must be located on chromosome 2 in TGMS-1 mutant
line (Fig.2).

Discussion

The most important point in the practical utilization of TGMS lines is that the male
sterility-inducing critical temperature must be relatively low, especially for temperate zones.
In tropical and subtropical areas, TGMS lines are more useful than PGMS lines (Yuan et al.
1995). The recent development of molecular marker technology makes it possible to map
genes of agronomic importance included PGMS and TGMS genes. Therefore, tagging and
mapping of rice TGMS genes with molecular markers will have a significant impact on
hybrid rice breeding. Subsequently, TGMS genes can be isolated for direct transfer to other
rice cultivars for hybrid breeding,

- 1 8 6 -



JAERI-Conf 2001-003

F2 fertile F2 sterile

Flg.l. Confirmation of linkage of E5/M12-600 to the TGMS
gene by Southern analysis

E2/M5-

9 . •

- - RM27

1 9 ' E5/M12-

3. 13
• - \ tma4

28

— E3/M16-

24

E10/M12-

Fig.2. A partial linkage map of the region surrounding the
new TGMS gene tms4(t)on chromosome 2. Four AFLP and one
microsatellite markers are shown in the map
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During commercial hybrid rice production one of the most important aspects is not
only to increase yield but also improve quality of hybrid seeds, in terms of germination,
viability, genetically and physical purity, longevity, etc. of hybrid seeds. This is a function of
parent involved in hybrids. So, the identification of molecular markers which are closely
linked to TGMS genes significantly represents an important step towards to transferring the
TGMS genes to selected desirable cultivars through marker assisted selection, in order to
obtain new TGMS lines which are suitable for commercial two-line hybrid rice production.
For a trait like TGMS that is controlled by single recessive gene, it is difficult to identify in
the field condition using conventional approaches. Marker-assisted selection will facilitate
early selection with greater accuracy.

In this study, we have identified 4 AFLP markers linked to the TGMS gene. One of
them, E5/M12-600, was sequenced. Locus specific PCR primer could be designed to
generate specific amplicon polymorphism for marker-assisted two-line hybrid rice breeding.

Before we the started AFLP analysis, 200 RAPD primers were surveyed. But no
linkage was found between RAPD markers and the TGMS gene. Our results in mapping the
TGMS gene, as well as those of others clearly demonstrates the power of bulk segregant
analysis coupled with AFLP technology. The E2/M5-200 contaminated by repetitive
sequences. So it is difficult to map it by RFLP techniques. But we mapped this marker using
AFLP marker as anchor marker. The AFLP blots were used in this study allow us confirm
quickly and precisely the linkage between the TGMS gene and putative AFLP markers. This
also proves the power of AFLP technology.

So far, two different rice TGMS genes have been mapped. One of them (tmsl) was
mapped on chromosome 8 (Wang et al.1995). Another one (tms3(t) was mapped on
chromosome 6 (Subudhi et al. 1997).They are non-allelic together. Based on our study, the
TGMS gene of TGMS-1 mutant line is also non allelic to both of tmsl from China and
tms3(t) from IRRL It is clearly that the new TGMS gene of TGMS-1 mutant line from
Vietnam is different from any TGMS genes having been mapped. This new TGMS gene is
tentatively designated as tms4(t).
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5.8 Study on Mutation Induced Effect of Gamma Ray and DES
on Black bean Phaseolus vulgaris

Le Thi Dinh, Pham Le Ha, Nguyen Van Toan and Le Xuan Tham
Radiobiology Department, Nuclear Research Institute, Dalat

Abstract

The study on mutation induced effect of gamma ray and DES on black bean
Phaseolus vulgaris was carried out at Radiobiology Department, Nuclear Research
Institute of Dalat.
Dry seeds of variety No. 1847 - Bonita - Cuba in set of 13 black bean varieties were
irradiated with gamma ray in 60 Co source at dose range from 150 Gy to 350 Gy
and treated with DES at concentration from 0.1% to 0.3 % in 2 hours for
experiments in laboratory.
The doses of 200, 250, 300 Gy and concentration of 0.2 % DES in 2 hours were
selected to treat dry seeds for experiments on the field.
In populations of Mi generation, the height, number of branches and fruits per
plant, number of seeds per fruit were decreased with increasing of irradiation doses.
In populations of M2 generation, individual variants in leaf shape, chlorophyll,
short stem, dwarf, early maturity, flowering in very short time were obtained and
selected in all treatment cases. Mutation frequency at dose of 300 Gy was higher
than that in other treatment cases, but ratio of sterility is also largest.
The mutant lines of early maturity and short stem with flowering in very short time
are promised materials for further studies.

I. Material and method

The set of 13 black bean varieties in Table 1 was used as materials for experiments in
this report.

After initial material was selected, dry seeds were irradiated with gamma ray of 60Co in
Nuclear Research Institute of Dalat in dose range from 150 to 350 Gy and treated with DES at
concentration from 0.1 to 0.3 % in 2 hours.

Treated seeds were sowed in laboratory and on field to investigate physiology characters
and variant frequency in Mi and M2.
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Table.
Sign of varieties

1
2
3
4
5
6
7
8
9
10
11
12
13

t. Sign of 13 black bean varieties
Name of varieties

57-58-CP76 Mexico
3515 - Cuba
55 - 56 Mexico
59- 60 Mexico
1837 - CP - 76 - Cooteno Mexico
1859-CP 76-Mexico
1863 - CP76 - Mia 416 Compi Mexico
1862 - CP76 -1200 - Maderero Mexico
1838 - Cotaxtla - Mexico
Den Da lat
1869 - CP76 - 1226 Bayo 107 Cobpinto
1844 - Bonita II - Cuba
1847 - Bonita - Cuba

II. Results and Discussion

2.1. Initial material for experiments
Seeds of 13 black bean varieties were sowed on field. Their physiology and their yield

characters were examined. The data was showed in Table 2. The variety No.13 (1847 - Bonita -
Cuba) with characters as large seed, high yield but high plant and flowering in long time was
selected for experiments of mutation breeding.

Table 2. Data of physiology and yield of 13
Number

of
variety

1
2
3
4
5
6
7
8
9
10
11
12
13

black bean varieties
Data

Height of plant in
flowering period

(g)
27.7
26,1
27.2
29.8
32.3
31.6
31.3
33.2
31.5
26.5
29.5
35.4
44.7

Survival in
harvest period

(%)
79.0
83.0
69.0
77.0
69.0
60.0
63.0
61.0
84.0
79.0
79.0
71.0
69.0

Weight of
1000 seeds (g)

160
170
180
160
180
170
170
160
190
170
160
180
210

Yield per
plant (g)

1.8
2.2
2.4
1.4
2.4
2.2
2.0
2.2
2.6
2.2
2.0
2.6
2.7
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22. Selection doses of gamma ray and concentratioa of DES

60.
Seeds of 1847 - Bonita - Cuba variety were irradiated with gamma ray in Co source at

dose range from 150 to 350 Gy and treated with DES at concentration from 0.1 to 0.3 % in 2
hours. Treated seeds were sowed in laboratory. The seedling height and survival were examined.
The results were showed in table 3. The data showed that seeds of 1847 - Bonita - Cuba variety
treated with gamma ray at 200 to 300 Gy and DES with concentration from 0.2 to 0.3 % in 2
hours, mutation frequency can be high.

Table 3. Height of plant and survival in seedling period in laboratory

Data

Height (cm)
Survival

(%)

Control

0
26.4
96.0

Doses (Gy)

150
20.8
96.0

200
20.6
94.0

250
17.1
90.0

300
12.4
90.0

350
9.6

74.0

Concentration of DES
(%) In 2 hours

0.1
21.8
86.4

0.2
14.3
83.3

0.3
13.8
80.0

2 3 . Mi generation

Seeds of 11847 - Bonita - Cuba variety were treated with gamma ray at range of doses
from 200 to 300 Gy and with DES in concentration 0.2 % in 2 hours. Treated seeds were sowed
on the field. Characters of physiology and yield in Mi generation were investigated in seedling,
flowering and harvest period. The results are showed in Table 4. The data showed that ratio of
mitosis, survival, height of plant, number of branches and fruits per plant, number of seeds per
fruit were decreased while number of sterile seeds per fruit was increased in treated cases when
comparison that with control case. Especially in treated cases with gamma ray, data of
physiology and yield characters was decreased but sterility was increased when dose increased
from 200 to 300 Gy.

Effect of gamma ray and DES caused these characters. These agents affected on genetic
and nutrient physiology system. They caused aberration in mitosis, meiosis of cells and
metabolism process of plant.
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Table 4. Data of physiology and yield characters in Mi generation

Data

Mitosis
(%)

Height
of plant

(cm)

Survival
(%)

Yield

Period

Seedling
Flowering
Hardest

Seedling
Flowering
Harvest

Number of branches per plant
Number of fruits per plant
Number of seeds per fruit

Number of sterile seeds per fruit

Control
0

3 J

17.8
40.9
44.9

95.0
93.1
91.6

7.7
93
5.1
0.4

Treatment doses
200
Gy
US

12.5
32.6
33.7

91.7
73.2
69.2

6.1
8.4
4.1
1 J

250
Gy
12

10.9
24.4
27.2

91.1
62.4
54.5

5 3
73
3.9
O

300
Gy
1.4

8.9
20.6
23.7

58.5
55.5
44.5

4.1
6.5
3.6
4.4

0.2%DES
in2h
1.4

15.2
37.9
37.6

95.0
84.2
80.7

6.8
8.7
4.6
0.8

2.4. M2 generation

Seeds of Mi generation were sowed on the field. Six spectrums and number of variants
as chlorophyll, early maturity, shape of leaf, fruit, plant and sterility were selected. They are
showed in Table 5. Among them the types of variants about early maturity, short with flowering
in short time are promise materials for further studies.

Mutation frequency obtained in treatment case with 300 Gy among above treatment
cases is largest but ratio of sterility is also largest.
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Table 5. Spectrum and number of variants In M2 generation

Spectrum of variants
Amount of seeds sowed
Amount of chlorophyll

variants
%

Amount of variants of leaf
shape

%
Amount of variants of fruit

shape
%

Amount of variants of early
maturity

%
Amount of variants of plant

%
Total of variants

%
Amount of sterility variants

%

Control
0

1100
0

0
0

0
0

0
0

0
0
0
0
0
§

0

Treatment doses
200
Gy

1690
19

1.1
17.6

1
141

83
14

0.8
213
12.6
404
23.9
35
2.1

250
Gy

1500
28

1.9
25

1.7
69

4.6
12

0.8
63
42
197
133
44
2.9

300
Gy
650
9

1.4
16

2 5
56

8.6
9

1.4
99

19.2
189
29.1
56
8.6

0.2%
DES/2h

1500
29

1.9
.28

1.9
139

9.0
15

1.0
128
8.5
335
223
54
3.6

Total
Cont.

1100
0

0
0

0
0

0
0

0
0
0
0
0
0
0

Treat

5340
85

1.6
86

1.6
401

7.5
50

0.9
503
9.4

1125
21.1
189
3.5

Conclusion
1- Variety - 1847 -Bonita -Cuba was selected as material for experiments of mutation

breeding.
2- Dry seeds of variety -1847 - Bonita - Cuba were treated with gamma ray at dose

range from 200 to 300 Gy and DES at concentration from 0.2 to 0.3 % in 2 hours,
mutation frequency can be high.

3- Dry seeds of variety-1847 - Bonita - Cuba were treated with dose range of gamma
ray increase from 200 to 300 Gy and concentration of DES increase from 0.2 to 0.3%.
In Mi generation ratio of germination and survival, the height, number of branches
and fruits per plant, number of seeds per fruit was decreased and ratio of sterility was
increased.

4- Six spectrums of variants as chlorophyll, early maturity, shape of leaf, fruit, plant
and sterility was obtained in M2 generation. Among them the types of variants about
early maturity, short with flowering in very short time are promise materials for
further studies.
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6. Program of 8th Mutation Breeding Workshop
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<PROGRAM>
Monday, October 9

8:30-9:00 REGISTRATION
OPENING SESSION
<9:00-9:40>

9:00-9:10 WELCOME ADDRESS
Vice Minister of Ministry of Science, Technology and
Environment (MOSTE) of Vietnam
Prof. Hoang Van Huay

9:10-9:20 REMARKS
Deputy Director, International Affairs and
Safeguards Division, Atomic Energy Bureau,
Science and technology Agency (STA) of Japan
Mr. Osamu Shimamoto

9:20-9:30 OPENING ADDRESS
Chairman of Vietnam Atomic Energy Commission
(VAEC)
Prof. Tran Huu Phat

9:30-9:40 FNCA Coordinator of Japan
Dr. Sueo Machi

9:40-9:55 BREAK

SESSION 1 "Current Development in Methodology for Plant
Mutation Breeding: Effective Use of Physical/Chemical
Mutagens"

(30 minutes presentation including question and answer)

<9:55-11:55> Chairperson: Dr. Siranut Lamseejan (Thailand)

9:55-10:25 (1.1) COUNTRY REPORT OF CHINA:
"Effective of Physical/Chemical Mutagens for Crop
Improvement and Germplasm Enhancement in China"
Dr. Liu Luxiang
Chinese Academy of Agricultural Sciences

10:25-10:55 (1.2) COUNTRY REPORT OF VIETNAM:
"Use of Physical/Chemical Mutagens in Plant Breeding
Program in Vietnam"
Prof. Dr. Tran Duy Quy, Prof. Dr. Nguyen Huu Dong.
Agricultural Genetics Institute (AGI).

10:55-11:25 (1.3) COUNTRY REPORT OF THE PHILIPPINES:
"Utilization of Induced Mutation Techniques in Rice
Improvement in the Philippines".
Mr. Apolinar B. Asencion.
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11:25-11:55 (1.4) COUNTRY REPORT OF KOREA:
"Methodology for Plant Mutation in the Republic of Korea"
Dr. Chul-Whan Kang
Rural Development Administration (RDA)

11:55-13:15 LUNCH
SESSION 1 (Cont.)

<13:15-15:15> Chairperson: Mr.Wang Zhidong (China)

13:15-13:45 (1.5) COUNTRY REPORT OF INDONESIA:
11 The Use of Physical/Chemical Mutagens for Crop
Improvements in Indonesia"
Dr. Soeranto Hoeman
Center for Research and Development of Isotopes and
Radiation Technology, National nuclear Energy Agency,
Jakarta, Indonesia.

13:45-14:15 (1.6) COUNTRY REPORT OF THAILAND
"Progress of Mutation Breeding in Thailand"
Mr. Watchara Pururivirojkul
Pathumthani Rice Research Center, Thanyaburi

14:15-14:45 (1.7) COUNTRY REPORT OF MALAYSIA:
"The Effective Use of Physical and Chemical Mutagens in
the Induction of Mutation for Crop Improvement in
Malaysia"
Mr. Abdul Rahin Harum.
Researcher Officer, Division of Agrotechnology and
Bioscience, MINT

14:45-15:15 (1.8) COUNTRY REPORT OF JAPAN:
"Report with y- field"
Dr. Shigeki Nagatomi
National Institute of Agrobiological Resources

15:15-15:35 BREAK

SESION 2 INVITED LECTURES
(20 minutes presentation including question and answer)

<15:35-16:35> Chairperson: Dr. Chul-Whag Kang (Korea)

15:35-15:55 (2.1) THE REPORT OF VIETNAM:
"The Use of Induced Mutation Combined with Crossing in
High Quality Rice Breeding "
Dr. Do Huu At.
AGI.

15:55-16:15 (2.2) THE REPORT OF VIETNAM:
"Improvement of Traditional Local Rice Varieties through
Induced Mutation Using Nuclear"
Prof. Dr. Pham Van Ro
Cuu Long Delta Rice Research Institute.
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16:15-16:35 (2.3) THE REPORT OF VIETNAM:
"Rice Improvement through Radiation-Induced Mutation for
Cultivation in South Vietnam"
Dr. Do Khac Thinh
Institute of Agriculture Science of South Vietnam.

16:35-16:50 BREAK

16:50-18:30 PRESS CONFERENCE

19:00 RECEPTION (BY MOSTE and VAEC)
Tuesday October 10

<9:00-10:40> SESSION 2 (Cont.)
Chairperson: Dr. Simon Manurung (Indonesia)

9:00-9:20 (2.4) THE REPORT OF VIETNAM:
"Induced of Mutation on Mulberry (Morus alba L.) by Using
in vitro Techniques in Combination with Gamma Irradiation"
Dr. Nguyen Van Vinh.
Institute of Nuclear Research, Da Lat.

9:20-9:40 (2.5) THE REPORT OF VIETNAM
"Twenty Year Results on Application of Induced Mutation
Breeding in Soybean(Glycine max (L.) Merr.) Breeding at
Agricultural Genetics lnstitute(AGI), Hanoi Vietnam".
Prof. Dr. Mai Quang Vinh
AGI.

9: 40-10:00 (2.6) THE REPORT OF JAPAN:
"Mutation Induction by Ion Beam in Plants ".
Dr. Atsushi Tanaka
Japan Atomic Energy Research Institute

10:00-10:20 (2.7) THE REPORT OF VIETNAM:
" Mapping of a Rice Thermosensitive Genie Male Sterility
Gene from a TGMS mutant line"
Prof. Dr. Vu Due Quang.
AGI.

10:20-10:40 (2.8) THE REPORT OF VIETNAM:
"Study of Effects of Gamma Rays and DES Inducing
Mutations on Black Bean Phaseolus Vulgaris".
Dr. Le Xuan Tham
Institute of Nuclear Research, Da Lat.

10:40-10:55 BREAK

10:55-12:00 (2.9) DISCUSION
Co-Chairpersons: Dr. Nguyen Manh Don (Vietnam)

Dr. Shigemitsu Tano (Japan)

12:00-13:30 LUNCH
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SESSIONS ROUND TABLE DISCUSSION(I)
"Mutation Breeding Database, Manual and MSR System"

<13:30-14:30> Co-Chairpersons: Dr. Nguyen Manh Don (Vietnam)
Dr. Shigemitsu Tano (Japan)

(3.1) MUTATION BREEDING DATABASE
Dr. Shigeki Nagatomi
National Institute of Agrobiological Resources
(3.2) MUTANT STOCK REPOSITORY
Dr. Etsuo Amano
Fukui Prefectural University.
(3.3) MUTATION BREEDING MANUAL
Dr. Florencio Isagani S. Medina III
Philippine Nuclear Research Institute

14:30-15:00 BREAK

SESSION 4 ROUND TABLE DISCUSSION(2)
"How to Promote Further the Regional Cooperation in the
Field of Application of Plant Mutation Breeding by
Radiation "

<15:00-17:00> Co-Chairpersons: Dr. Mohd Nazir Basiran (Malaysia)
Dr. Tamikazu Kume (Japan)

15:00-15:20 Keynote Address
FNCA Coordinator of Japan
Dr. Sueo Machi

15:20-17:00 Discussion

19:00 RECEPTION (BY Japan)

Wednesday October 11 |

TECHNICAL VISIT

7:00 Start from Hotel

7:15-8:45 Visit AGl

8:45-9:30 Visit Hanoi Irradiation Center
(The Cau Dien Irradiation Center)

9:30-12:30 move to Haiphong City

12:30-13:30 Lunch

13:30-15:30 Rice Selection Station

15:30-18:00 Go to Halong Bay
Stay one night in Haiong Bay

19:00 RECEPTION (BY MARD and AGl).
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Thursday October 12

TECHNICAL VISIT

8:00 Visit Vegetable Market at Halong Bay.

12:00-13:30 Lunch

13:30-18:00 Return to Hanoi.

Friday October 13 I

SESSION 5 ROUND TABLE D1SCUSSION(3)
"Conclusion-General Discussion"

<9:00-12:00> Co-Chairpersons: Dr. Florencio Medeina III (Philippines)
Dr. Etsuo Amano (Japan)

9:00-11:00 (5.1) "Regional Cooperation Plan for the Medium-Term
on Application of Radiation and Radlolsotopes to

Agriculture"
1. Mutation Breeding Database
2. Mutant Stock Repository
3. Mutation Breeding Manual
4. The General Discussion on Research Cooperation
5. Other Topics

11:00-11:30 (5-2) DRAFT AND DELIBERATION ON MINUTE

11:30-12:00 Adoption of the Minute

(5.3) CLOSING REMARKS

Remarks with Gratitude
Dr. Shigemitsu Tano (Japan)
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7. List of Participants in the 8th Mutation
Breeding Workshop
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CHINA
Mr. Wang Zhidong

Director of Science and Technology Division
Institute for Application of Atomic Energy
Chinese Academy of Agricultural Sciences

Dr. l iu Luxiang

Director, Department of Mutation Breeding
and Genetics of Crop Plants
Institute for Application of Atomic Energy
Chinese Academy of Agricultural Sciences

INDONESIA
Dr. Ir. Simon Manurung

Director, Center for Research and Development of Isotopes and
Radiation Technology (P3TIR), National Nuclear Energy Agency
(BATN)

Mr. Soeranto, Hoeman
Research Staff at plant breeding section
Center for Application of Isotopes and Radiation, Natinal
Atomic Energy Agency

KOREA
Dr.Chul-Whan Kang

Team leader, Oil Crops Research Industrial Crops Div
National Crops Experiment Station (NCES)
Rural Development Administration (RAD)

MALAYSIA
Dr. Mohd Nazir Basixan

Research Officer
Malaysian Institute for Nuclear Technology Research (MINT)

Mr. Abdul Rahim Harun
Research Officer
Division of Agrotechnology and Bioscience
Malaysian Institute for Nuclear Technology Research (MINT)

THE PHILIPPINES
Dr. Florencio Isagani S. Medina$V

Chief Science Research Specialist

Atomic Research Division
Philippine Nuclear Research Institute (PNRI)
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Mr. Apolinar B. Asencion
Senior Science Research Specialist
Mutation Breeding Section
Agricultural Research Group
Atomic Research Division
Philippine Nuclear Research Institute (PNRI)

THAILAND
Dr. Siranut Lamseejan

Head, Gamma Irradiation Service and Nuclear Technology
Research Center (GISC),
Kasetsart Universit

Mr. Watchara Purivirojkul
Agricultural Scientist (Breeder)
Pathumthani Rice Research Center, Thanyaburi,

VIETNAM
Dr. Tran Duy Quy

Director
Agricultural Genetics Institute (AGI)
Ministry of Agriculture and Rural Development (MARD)

Dr. Nguyen Huu Dong

Agricultural Genetics Institute (AGI)
Dr. Do Huu At.

Agricultural Genetics Institute (AGI)
Dr. Pham Van Ro

Cuu Long Delta Rice Research Institute
Dr. Do Khac Thinh

Institute of Agriculture Science of South Vietnam
Dr. Nguyen Van Vinh.

Institute of Nuclear Research, Da Lat
Dr. Mai Quang Vinh

Agricultural Genetics Institute (AGI)
Dr. Nguyen Van Dong

Agricultural Genetics Institute (AGI)
Mrs. Le Thi Dinh

Institute of Nuclear Research, Da Lat
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JAPAN
Dr. Shigemitsu Tano

Former Professor, The University of Tokyo
Dr. Sueo Machi

FNCA Coordinator of Japan
Asia Cooperation Center (ACC)
Japan Atomic Industrial Forum (JAIF)

Dr. Etsuo Amano

Director
Biological Resources Research and Development Center
Fukui Prefectural University

Dr. Shigeki Nagatomi
Head, Research Coordination
Dept. of Research Planning & Coordination,
National Institute of Agrobiological Resources (NIAR)

Dr. Tamikazu Kume
Head, Functional Materials Laboratory 1
Department of Materials Development Takasaki Radiation
Chemistry Research Establishment

Japan Atomic Energy Research Institute
Dr. Atsushi Tanaka

Plant Resource Laboratory

Department of Radiation Research for
Environment and Resources

Japan Atomic Energy Research Institute
Mr. Tsuyoshi Takei

Senior Staff
Asia Cooperation Center (ACC)
Japan Atomic Industrial Forum (JAIF)

Mr. Kazuo Watanabe
(Staff of Secretariat)
Takasaki Radiation Chemistry Research Establishment
Japan Atomic Energy Research institute

STA
Mr. Osamu Shimamoto

International Affairs and Safeguards Division,

Atomic Energy Bureau, Science and Technology Agency
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