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MUTATION BREEDING IN THE WORLD
AS SEEN IN THE DATABASES
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88-1, Futa-omote, Awara-cho, Sakai, Fukui, 910-4103

Introduction

Information of world situation in mutation breeding has been collected well in the Joint
FAO/TAEA Division in IAEA. The Division is composed of five Sections which relate to
agricultural application of atomic energy in the field of agriculture, from soil science to product
preservation, all related to agricultural activities in the world related to nuclear technologies.
Among them, Plant Breeding and Genetics Section relates to improvement of crop varieties using
mutation techniques. The Section has published their collected information on the improved
varieties by mutation techniques, and such mutant varieties, registered or released officially in
various countries in the world, now amounted over 2000 varieties. The information have been
constructed to a simple database and kept personally. Recently, the database of mutant varieties
has been officially opened from the IAEA in a form available on internet. The trends observed in
such databases suggested some interesting facts.

Presentation here also includes some information on the recent situation of GM crops in USA.
The method to analyze the genetic resources database of USA was kindly suggested by Dr. Karin
Nichterlein, IAEA, and Prof. Steve Ullrich, Wash. State Univ. According to their suggestions, the
US Genetic Resources Database was searchéd on internet system and two important trends were
seen. 1) Plant breeders use good genetic resources without recognizing the origin, thus they do not
care reporting to IAEA as indirect use of mutant line in their new variety; 2) The significant recent
trend in crop, having very rapid growth in planting area, may be GM (Genetically Modified) crops,
GM maize, GM soybean, GM cotton, GM tomato etc. in which crop species mutant varieties are
seldom, or not at all registered in the US genetic resources database. In case of maize, due to its
strange reaction to ionizing radiation, i.e. almost all radiation induced mutants were deletion
mutant and often accompanied with unfavorable survival and other defects (Stadler and Roman
1948, Mottinger 1970 and Amano 1972 and 1985), less mutant varieties reported may be
understandable, however, the plant can respond to chemical mutagen very well like other crop plants
(Amano 1968). In this paper, some perspectives found by examining the databases are reported.
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Activities in JAEA

The International Atomic Energy Agency (IAEA) is one of the organization in the United
Nations (UN). For agricultural sector, a joint division between Food and Agriculture Organization
of UN and IAEA has been organized, and Plant Breeding and Genetics Section promotes crop
improvement through mutation techniques. They had collected data on achievements of the
methodology as mutant varieties, officially registered and/or released. The collected data on such
mutant varieties have been published in their newsletters, “Mutation Breeding Newsletter” and
“Mutation Breeding Review”.

The database based on the IAEA publication

The published data of the mutant varieties were organized in a personal database in BASIC
language for PC, and updated when new issues came up. The primitive BASIC program can be
still operated on Wang BASIC on Windows 98 (also on Windows-Me), if MS-DOS is available.
The oldest mutant variety found in this database was cited from the Mutation Breeding Review
No.3, as follows :

Nicotiana tabacum L. Chlorina F1 Indonesia 1934 X-rays 1930

(Vorstenland) pale color high leaf quality IAEA 1974
The record is shown in order of academic name, variety name, country, released year, mutagen
used, treated year, original variety used in parenthesis, mutant character and reference. This might
be an exceptional example, appeared only several years after the reports by H. J. Muller (1927) and
L. J. Stadler (1928). Number of mutant varieties increased significantly after the World War II,
due to development of gamma irradiation sources and facilities produced by nuclear reactor and
related technology.

In the collection of mutant varieties, two types of definitions are often used, 1) direct use and
2) indirect use. The direct use means registration and/or release of mutant line directly as variety,
both in seed propagated (e.g. rice, barley ezc.) and vegetatively propagated (fruit tree, chrysanthemum
etc.) crops. Indirect use is for cross bred varieties using mutant line(s) as parent(s). It may be
understandable that if there were no such mutant induced by the mutagenic treatment, such
favorable variety would not be developed. The definition is also respected in Japan. The
achievements in Japan were reported by Dr. Isao YAMAGUCHI, somewhere in this Symposium
Proceedings.

Total number reported in the TAEA publications (Mutation Breeding Newsletter etc.)
amounted to about 1900 varieties, as of MBNL No.44, April 1999. Recently, the entire database
was opened to be viewed on an IAEA internet database. The total number was over 2200 varieties
as of January 2001. Each data records are shown as reported and may not show genetic details.
However, they give us some interesting scope of mutation work in the breeding of crop in each
country.

Some interesting features seen in the data
From the database based on the published data in MBNL and MBR by IAEA, key-word
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searching revealed a result shown in the Table 1.

Table 1. Plant cultivars derived from mutation induction or the use of induced mutants in cross breeding.
Data from Mutation Breeding Review (No.3, 1986,3) and Mutation Breeding Newsletter (up to
No. 44, 1999,4) were analysed by keyword searching.

1 1 1 1 1
Mutant Crops
No e T T T — ! Mutagen* 1
Country — of , %" Cereals ' Legume ! Ormamental ! Fruit ' Other Otber 1 Note¥*

Iovar, ! T 1 i

L1 10y Hord. Thd. Zea Other | Glyc. Phas. Other jChrys, Flower Leaf ; Arbo. Herb. | Fibre Ober! X G N rad Chem!
China 314 73117 1 8 23 4 23 0 26 0 7 0 3 2 8 22 9 218 17 2 3 las 14
India 253 42 35 14 4 0 5 0 335 46 57 0 1 9 13 31 28 145 7 S 26 chr 8
Russia(USSR) 209 2 6 28 36 12 12 9 4 30 17 7 1 9 4 4 30 1 5 0 S 86 las 1
Netherland 176 1 0 1 0 0 0 0 0 0 80 93 0 0 0 0 2 153 17 5 1 3
Germany 140 48 0 46 2 0 2 1 2 1 34 45 0 1 0 0 6 57 29 0 1 S
Japan 120 43 46 8 2 0 1 6 0 1 14 9 8 4 4 3 14 2 74 0 2 4 chr16
USA 105 51 23 11 3 0 11 0 6 1 120 8 2 0 0 19 10 29 17 2 6
France 42 14 5 15 1 0 0 0 0 0 0 14 0 7 0 0 0 0 24 0 0 4 chrl
Ttaly 35 9 1 0 15 0 0 0 2 6 0 0 0 5 4 0 2 7 8 5 0 7
Czech(CSSR) 34 25 027 0 3 0 1 1 1 0 1 0 0 0 0 o0 2 3 0 0 2 chr3
Brazil 34 3 27 0 2 0 0 0 2 0 3 0 0 0 0 0 0 0 31 0 0 0 chr26
UK 33 31 0 3% 0 0 0 0 0 0 0 1 0o 0 0 0 0 1 1 0 0 0
Bulgaria 30 6 0 4 6 8 0 3 0 1 1 1 0 1 3 0 3 2 14 0 0 1
Poland 30 17 0 1 0 0 0 0 1 21 6 1 0 0 0 0 1 4 9 0 0 0
Cote d'Ivoire 26 17 26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 chr9
Guyana 26 o 26 0 o0 o0 0 0 0 0 0 0 0 0 0 0 0 0 26 0 0 0 chr26
Sweden 26 20 02 o0 0 0 0 0 1 o 0 0 0 0 0 5 6 0 0 0 0
Pakistan 24 0 4 0 4 0 0 0 1 12 0 0 0 0 0 2 0 0 18 1 0 2
Vietnam 24 6 14 0 0 2 0 4 0 1 0 0 0 2 0 0 1 0 9 0 0 12
Belgium 22 1 0 1 0 0 0 0 0 1 7 8 3 0 0 0 2 16 10 0 0 2
Canada 22 12 0 2 0 0 0 0 1 0 0 4 0 8 0 2 4 7 2 1 1 2
Denmark 22 20 0 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
Iraq 22 2 2 7 6 0 0 0 0 2 0 0 0 0 0 0 5 0 17 3 0 0
Austria 20 17 0 12 6 0 0 0 0 1 0 0 0 1 0 0 0 1 2 0 0 0
Bangladesh 16 3 3 0 0 0 0 0 0 3 0 0 0 o0 1 3 6 2 6 0 0 2
Finland 11 6 0 4 1 o 6 0 0 O 0 O 0 0 0 0 O 2 3 0 0 0
Indonesia 11 1 6 0 0 0 0 3 0 1 6 0 0 0 0 0 1 1 9 0 0 0
Korea 11 2 2 1 0 0 0 2 0 0 0 0 0 0 0 0 6 4 1 2 0 3
Thailand 9 1 4 0 0 0 0 1 0 0 2 1 0 1 0 0 0 0 7 1 0 0
Austral ia 7 3 0O 0 o0 0 2 1 0 4 0 0O 0 0 0 0 O 0 0 0 o0 4
Argentin 6 0 0 0 1 o o0 o0 0 2 0 0 0 3 0 0 0 32 0 1 0
Estonia 6 5 ¢ 5 o o0 o0 o0 O O o0 0 o0 0 0 O 1 0o 0 0 0 1
Hungary 6 1 3 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 2 2 0 1 chr3
Cameroon 4 1 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 30 0 0
Myanmar 4 1 2 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 3 0 0 0
Burkina Faso 3 3 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Costa Rica 3 0 20 0 0 0 0 0 1 0 0 0 0 0 0 0 0 30 0 0
Egypt 3 0 o 0 o0 0 0 0 1 o 0 0 0 0 0 0 2 0o 3 0 0 0
Mongolia 3 2 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Nigeria 3 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Philippines 3 0 30 0 0 o0 o0 O O O O O O 0 0 O 0 3 1 0 0
Sri Lanka 3 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 3 0 0 0
Chile 2 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Greece 2 0 0 1 1 o o0 o0 o0 0 O 0 O 0 o0 0 O 0 1 1 0 0
Kenya 2 0 o 0 0 0 O 0 0 2 0 0 0 o0 O0 0 0 0 2 0 0 0
Norway 2 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Senegal 2 0 20 0 0O 0 0 o0 o0 O O 0 O 0 0 O 0 2 0 0 0 chr2
Ukraine 2 0 0 1 0 0 1 6o 0 o0 0 0 0 0 0 0 0 0 0 0 0 1
Algeria 1 0 0o 0 0 0 0 1 o 0 0 0 0 0 0 0 0 0 1 0 0 0
Guinea Bissau 1 0 1 0 0 0O 0 0 0 0 0O 0 0 0 0 0 0 0 1 0 0 0 chrl
Madagascar 1 1 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0o 0 0 0
Portugal 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Switzerland 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Togo 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ok

Total(cumultv) 1917 S64 372 267 177 49 44 55 24 156 212 269 20 48 27 36 164 318 810 64 18 178 chr95

Hokx

Total(real) 1903 564 341 265 177 49 43 58 24 156 211 265 20 48 27 36 152 318 810 64 18 176 chr 64

* : Mutagen : X : X-rays, G : Gamma-rays, N : Neutrons, Other rad. : In early phase data, some records were without details. Beta rays, electron beam
etc. are included here. Chem. : Chemical mutagen.
#* : chr : Chronic irradiation, las : Laser irradiation (These are included in G and Other rad. respectively).
##% : cumultv : Cumulative sum of each column (including duplication among countries).
#kk : real @ Actual biological numbers (without duplication).
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The data extends for almost half a century and international situation have changed in some
region. But it may still be safe to say that China was the top, followed by India, former USSR and
the Netherland. By unification of East and West Germanies, sum of the mutant variety numbers
exceeded that of Japan. As shown later, USA seems also overtaking Japan, if all the hidden mutant
varieties were reported. In case of former USSR and China, some records are short of genetic
information like treatment details. Another feature may be the use of laser as mutagen. It is
reported only from China and the former USSR. Scientific rationale should be discussed in other
occasion, but here it may be understood to reflect their high activities in this field. If we look a few
years back, it may be described that as a general trend China had made good effort mostly in food
crops, but recently some ornamental plants have been added, perhaps reflecting their well
stabilized status of the country. Compared to it, the Netherland, and also Belgium, paid their effort
mostly in ornamental crops until recent year, when an indirect use of mutant in their malting barley
appeared, one variety each. The second high activity was shown in India in very wide range of
crops, both in direct and indirect uses and also in wide range of mutagens used. Information for
each record was also well described in these cases.

Once there was an idea that if a hybrid line were used as the material to be treated by
mutagen, the gene-pool treated would be enlarged. It is not clear if they follow this idea or not, but
in China and in the former USSR in a few cases they treated hybrid materials. In case of self-
incompatible species or with a very special purpose, e.g. translocation induction, it may be
reasonable. However, if we consider the recessive form of a gene as an inactivated state, as
revealed in the recent gene models, hybridization may only narrow the gene-pool to be treated.
Furthermore, hybrid between recessive alleles of a locus may produce normal recombinant, e.g.
normal non-waxy (Wx) recombinant from a hybrid of different alleles of waxy mutants, e.g. wx"™*!
and wx,® efc. (Briggs, Amano and Smith 1965, Amano 1985). In normal practical cultivation, the
frequency of recombination may be negligible, but in the mutagenic experiment, occurrence of
such recombination phenomenon at 10~ may be significantly high and the result may be easily
confused as a dominant mutation.

Another genetic difficulty may be based on the strange nature of maize plant to the ionizing
radiation. As reported by Stadler e al. (1948), and supported by Mottinger (1970) and by Amano
(1968, 1972), seed of maize plant does respond to ionizing radiation, but only producing deletion
type mutation which is very often inferior in their survival of the homo-zygotes, perhaps due to
loss of neighboring gene(s). After irradiation, broken chromosome ends can heal, resulting into
deletion mutation. Or when pollen grain was irradiated, fertilized seeds often showed a mosaic
pattern known as the result of famous breakage-fusion-bridge (B-F-B) cycle, again suggesting
some kind of repair system in this plant species. Perhaps repair timing might be different from
other crop species. This strange reaction seems only seen after exposure to ionizing radiations.
The maize seeds reacted to chemical mutagen, e.g. ethyl methanesulfonate (EMS), very well, like
rice seeds. This strange behavior of maize might have suppress the work in the former western
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countries, but from the former communistic countries, almost 50 mutant varieties have been
reported. Among them, those from the former USSR and from Bulgaria were originated from
chemical mutagen treatment and seemed to be cases of reasonable and reliable mutations. In
another case, in Vietnam, combination of gamma-ray and a chemical mutagen was used suggesting
that they might be also a good case of real mutations.

Another feature in the list of the mutant varieties was that some countries, e.g. Cote d'Ivoire,
Cameroon, Guyana, Brazil efc., share the same mutant varieties developed by French breeders.
Therefore, in the total numbers of mutant varieties at the bottom of Table 1, two totals were shown,
one cumulative (including multiple appearances) and one real total (total number of biological or
genetic lines).

The review paper on the entire collection of mutant varieties in the Plant Breeding and
Genetics Section, IAEA, appeared in No. 12 of Mutation Breeding Review (M. Maluszynski et al.,
2000). A total of 2,252 mutant varieties were reviewed in annual accumulation trend, national and
area-wise analyses. The crop species reached to 175 entities which was much more than the
previous review report in 1995, when the number was 154 species (Maluszynski et al. 1995). The
list of the entire mutant varieties was shown in a list that extended to 71 pages in this issue,
Mutation Breeding Review No.12. Although the total number of mutant varieties listed were more
than 2200, at the time of presentation of this report, the IAEA’s database had some difficulties in
country-wise listings. So, here, only their internet address is shown as information sources.
Survey of mutant varieties

In 1999 and 2000, there was a project to examine economic effect of radiation techniques, in
industry, medical and agricultural sectors. In the survey work, I could have opportunities to meet
and discuss some matters with IAEA and US researchers. As an independent activity from our
Japanese project, the Plant Breeding and Genetics Section of TAEA is also collecting information
on the economic impact of mutant varieties in the world. While examining replies to their
questionnaire, they noticed that in the USA crop breeders uses many mutant varieties without
recognizing that their materials were originated by mutation techniques. This may be understood
as that the good varieties will be used regardless of their origin, suggesting good incorporation into
classical breeding system. At IAEA the ways to examine the US database on genetic resources
was suggested, and almost the same was also shown at the Washington State University. The
results of examining the database of genetic resources of the USA were significant in two ways.
1) Many registered mutant varieties (indirect uses) remained as “not-reported to IAEA”, in wheat,
barley, rice and oat as shown in the Figures 1 through 4. In case of rice, the major breeder Dr. N.
Rutger was still active and reported many of the mutant variety of rice developed in the USA as
shown in Fig. 3. But in other crops, many varieties remained not reported to IAEA.

2) Recent technologies to introduce external gene through transformation techniques opened a new
field of crop breeding, as the output is called genetically modified organism (GMO) or GM crops.
Internet information showed a very quick increase in the planted area of GM crops. By the search
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Pedigree Search on  http://www.ars-grin.gov/cgi-bin
Total 32 cultivars including the original 3 mutant lines which had been reported to IAEA.

Horizontal line:The left most group are original mutants, others being progenies. Column : Sister varieties.
Parenthesis:Second (multiple) appearance, Boxed:Reported to JAEA.

Original mutant line "Payne" 29 varieties
Century 4 institute lines
Bronco
Sierra 1, (but not this Sierra)
Cimarron Tascosa Fox
Pronto
Chanute
Santana 830
Yukon
Palo Duro
Blueboy 11 Treasure Zak
Orion
6 institute lines
Maverick
Texred
Exile
Cheney ke
2 institute lines
TAM 106
Collin
Amigo Century
Niobrara
Rowdy
Embrapa 16
Fleming
Embrapa 52
Buck Pucara
4 institute lines
Original mutant line "Lewis" 3 varieties
Lewis) Blazer
Orion

1 institute line

Original mutant line "Stadler" 6 varieties
Stoddard Ernie
Pike Clemens
(Ernie)
Kaskaskia

Fig. 1. Pedigree chart of wheat mutant cultivars in USA.
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Pedigree Search on  http://www.ars-grin.gov/cgi-bin
Total 106 cultivars including 3 dES induced mutant lines are listed here (Luther's Progeny excluded).
Horizontal line: The left most group are original mutants, others being progenies. Column : Sister varieties.

P hesis:Second (multiple) app Boxed:Reported to IAEA, Underlined:Introduced from Europe.
(Advance)
Diamant Ametyst %nl
K (Heris)
Primus
Favorit
Rapid
'?yamngf Carnival
Tum arnival
Gerlinde
(Cheri)
. Heriot
Nadja
it
eri
Skiff
Atlas Atlas 46
Atlas 54
Atlas 57
Atlas 68
Atsel X
Arivat Aristan
Arimar .
Briggs Kombar Columbia
Prato
Nurar Kombyne
EBanel)
Westbar)
Omer
Puebla
Weatbred Gustoe
Westbred 501
Bartel
Beecher
Bold
Bollo
Forrest Onslow
Morrell
Gem ISIBlazcr) -
ia
> Courlis
- . Corsaire
oppel
R Clqu"npmn 100
Glacier Unitan  Steptoe Teton
Colter
Walker
ELeduc)
AC Rosser)
uc 937
UC 960
UC 933
. Bringham
%Dxamond)
AC Lacombe)
Millennivm
Galt Klondike Johnston (AC Rosser)
acon
Heartland (AC Rosser)
(AC Lacombe)
. educ  Vivar
Diamond
Noble Trochu
Vivar
AC Lacombe
AC Harper
AC Rosser
Hypana
Shabet Ershabet
X Kaputar
Ogra Sigra
Pennco
Sussex Catlao
GA-Luttrell
Venus
Volvar Anson
(GA-Luttrell)
Westbar Azhul
Wysor
Safir
Karat
Zefir
Rubin
Heris

Fig. 2. Pedigree chart of barley mutant cultivars in USA.
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Pe(h?nee' Searchon http!//www.ars-grin.gov/cgi-bin
Total 27 cultivars inclu‘ging RD-6 an Kas%ou‘x’]jr Basmati cited from GRIN.

Horizontal line:The left most group are original mutants, others being progenies. Column : Sister varieties.

Parenthesis:Second (multiple) appearance, Boxed:Reported to IAEA.

1A-20
(Calmochi-10

(Calmochi 20
Calmochi 202

ICalpear
ICalrose 7

IDelmon
fitte

-10

M-102)
M-202
M-203
IM-204
IM-301
IM-302
M-401]

S-102
S-201)
S-301]
S2-Calpear]

[Valencia 8

Kashmir Basmati
RD-6

(Calmochi 202)
(5-102)

M7

(M-101)

(M-301)

(M-302) M-103
(S-201)

(8-301)

(M-102)
(M-202)

(M-203)
(Calmochi-101)
(L-205)
(M-204)

S-101

(S-301)
Mercury

Fig. 3. Pedigree chart of rice mutant cultivars in USA.
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Pedigree Search on http//www.ars-grin.gov/cgi-bin
Total 25 cultivars.

Horizontal lineThe left most group are original mutants, others being progenies.
Column ' Sister varieties.
Parenthesis:Second (multiple) appearance, Boxed:Reported to IAEA,

amo- Tam 0-312 Amby
Culogoa

Bated
Bobl
[Florad (Florida 500)

(Florida 501)
Elan

(Bates)

. Bates 89

(Bob)

(Ozark)
Ozark
Bay
@ Vigor Saturn

Altesse Jaune of Gembloux
Diane Anita
Junon

Jasper

Waldern

Alamo 86

Fig. 4. Pedigree chart of oat mutant cultivars in USA.
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Table 2. Trend of crop improvement method in USA.

Crop palnt ~ Breeders Major objective Method (gene) Reaction of farmers Reaction of consumers
Maize Companies Anti-corn boarer (BT gene) Will not accept Affected by outside, UK, Japan efc.
if market does not accept
Soybean  Companies Widen herbicide use (herbicide resistant gene)  Will not accept Affected by outside, UK, Japan etc.
if market does not accept
Cotton Companies Anti-ball worm (BT gene) Pleased the effects Doe's not mind, if not a food material
Tomato  Companies Longer shelf life (suppressor gene) Pleased the effects Dog's not mind?
Rice USDA Lodging resistant etc. ~ Mutation Good achievements Good results, so far
Anti-weed Selection from resources (Still under research) (Perhaps no problem)
Wheat USDA,University ~ Disease resistance Translocation No problem Good results, so far
(Induced or spontaneous) )
Barley University Metabolite control Mutation No problem Good results, so far
Companies Metabolite control Mutation No problem Good results, so far

USDA : United States Department of Agriculture
GM  : Genetic modification, in these cases gene introduction by transformation

in the US genetic resources database, a trend of differentiation into two separate streams among the
crop species became clear as shown in the Table 2.

Strangely, in maize, soybean, cotton and in tomato, there were no registered mutant variety at
all in the genetic resources database of the US, except for a few mutant lines in soybean for
research work. On the other hand, in rice, wheat, barley and oat, GM technologies seemed not to
be applied in breeding, but limited only for research work.

Another database available on internet

In this symposium, present state of mutant varieties in Japan was reported by Dr. Isao
YAMAGUCHI. The Institute of Radiation Breeding may continue to be the information pivot in this
field. It may be a complicated task to understand and screen the methodologies used to induce the
mutant gene, e.g. if the mutant was developed by irradiation, or simply by tissue culture
(somaclonal variation). But such information will be important both to see the trend of
methodology and to show achievement in developing practical varieties.

Apart from such resources database, recently a database was opened on internet. It is a kind
of encyclopedia type collection of information on radiation technologies, industrial, medical,
agricultural and radiation facility fields, each based on reliable paper(s). The numbers of items
totaled to more than 1,000, although in the mutation breeding field the number was less than 100.
In the record data cited, most of them are of crop plant. In the animal kingdoms, mammals, fishes,
insects etc., there are many research reports, but breeding by use of irradiation was very few,
except for a few in silk worm.

Presently the language used in this database is only Japanese, but original English title of the
papers based on and many tables and illustrations cited may be helpful even for foreigners. The
internet address is also shown in the information sources of this paper.
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Information Sources (as of July 2001)

http://www-infocris.iaea.org/MVD/ : Mutant variety database, IAEA
http://www.ars.grin.gov/cgi-bin : Genetic resources database, USA
http://www.enn.com/indepth/gmfood/index.asp : About GM crops, USA
http://www.irb.affrc.go.jp : Home page, Inst. Rad. Breed., Japan
http://www.rada.or.jp : Radiation Tech. database, Japan

Mutation Breeding Newsletter No.1(1972) ~ No.44 (April 1999)

: List of new mutant varieties

Mutation Breeding Review No.3 (1985) : List of mutant varieties
Mutation Breeding Review No.12 (2000) : List of mutant varieties
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