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RELEASE OF GENE SILENCING IN TRANSGENICS - A NEW ROLE FOR  
INDUCED MUTATIONS 

 
 
 Gene silencing (GS) is defined as loss of expression of previously expressed 
gene(s) [1].  In plants GS was found after several reports of non or unstable 
expression of transgenes in the recipient plants, in  spite of the physical presence of 
the introduced gene [2; 3].  Besides transgenes, silencing of homologous  host 
genes, referred as co-suppression, has been reported [4].  In non-transgenic plants, 
GS is implicated in epigenetic changes, and host plant responses to viral infections 
[5;6].  Expression of the gene could be blocked at the transcription level or by the 
degradation of RNA after trancription.  The latter is known as post-transcriptional 
gene silencing (PTGS).  Promoter methylation and chromatin structural changes are 
correlated with transcriptional gene silencing.  No changes in transcription rate but 
marked reduction in cytoplasmic RNA is observed in PTGS.  DNA methylation has 
also been observed in some instances of PTGS but not in others.  Transgene 
silencing is a source of instability, and a matter of concern, in the development of 
transgenic crops [7]. Earlier, mutants that enhance gene silencing [8] as well as for 
decreased methylation [9] were reported in Arabidopsis thaliana.  Recently, two 
reports [1; 4] on release of transgene silencing by induced mutations in Arabidopsis 
were published. Important features of Arabidopsis mutants that release or enhance 
GS, increase or decrease DNA methylation are summarised in Table 1. 

The presented works clearly demonstrated that using the standard methods of 
mutagenizing seeds (EMS and Nf treatments), mutants can be isolated to release 
transgene silencing, increase or decrease methylation of transgenes as well as of the 
resident genes in Arabidopsis.  Heritable, mutant phenotypes resulted from 
alterations in GS and hyper- or hypo-methylation of the genome.  It is likely that 
loci homologous to ddm, egs, sgs and som found in Arabidopsis exist in other 
plants. The importance of gene silencing in epigenetic alterations, plant host - viral 
interactions, defence responses, and of methylation and de-methylation in 
controlling gene expression during differentiation, flowering, flower development, 
and vernalization response [13] is challenging new area to identify mutants altering 
methylation pattern in crop plants.  At the same time, there may be many 
observations, made in earlier mutation, and in-vitro experiments that can now be 
analysed for GS and alterations in DNA methylation. 

 
Table 1. Induced mutants suppressing or enhancing gene silencing and increasing or 
 decreasing DNA methylation in Arabidopsis 
 

Mutant(s)- Symbol(s) and References 
Genetic stock/Mutagenesis Main characteristics of the mutant(s) 

sgs1, sgs2 (suppresser of gene silencing) [4] 
Transgenic, 35S-uidA silenced line   
  
EMS (ethyl methanesulphonate) 0.4% for 
16 h at room temperature, 500 seeds 
treated, seeds of 5 M1 plants harvested in 
bulk, seven mutants were isolated, six 
showed total release - one allele of sgs1, 

Release of PTGS; restoration of β-
glucuronidase (GUS) activity; GUS 
activity and uidA RNA increased 3500 
fold; uidA transcription rate increased 
only 3 fold; monogenic recessive; 
transgene methylation is reduced; 
methylation of centromeric repeats not 
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five alleles of sgs2.  In subsequent 
screening in progeny of 2,000 
mutagenised seeds, sgs2 mutants isolated 
at high frequency - indicating that sgs2 is 
highly mutable 

affected;  sgs mutants differ from ddm 
and som mutants; did not release 
transcriptional silencing of 35S-hpt 
(hygromycin phosphotransferase) trans-
gene; released co-suppression of host Nia 
(nitrate reductases) and 35S-Nia2 
transgenes; acts in trans to release PTGS 

som (somniferous) [1] 
Transgenic, silenced line with hpt gene 
 
EMS 0.3% for 12 h, 50,000 seeds; fast 
neutrons (Nf) 60 Gy, 75,000 seeds; M2 

seeds collected separately from each tray; 
1 mutant per 16,000 M2 plants - EMS; 
1 mutant per 5,700 M2 plants - Nf; eight 
putative mutants isolated  

Heritable, restoration of hygromycin 
resistance; transgene reactivation; DNA 
methylation of the reactivated hpt locus 
and at centromeric repeats reduced; 
reactivate transgenic, test locus in trans; 
some som mutants (som 1, 4 and 5) are 
allelic to ddm1 which cause DNA 
hypomethylation (group A); others are 
nonallelic with ddm1 and som mutants of 
group A; third group of mutants show 
slow resilencing after crossing to ddm1 
and the wild type 

egs1 and egs2 (enhancer of gene silencing) [8] 
Transgenic line with rolB gene of 
Agrobacterium rhizogenes impaired in 
shoot regeneration.  Shows inhibition of 
hypocotyl and internode elongation, 
pronounced growth retardation, altered 
flower morphology, and early senescence, 
very low frequency of shoot regeneration 
is observed. 
 
EMS 0.2% for 16 h at room temperature, 
M2 seeds bulk harvested, 70,000 M2 
seedlings from 11,000 M1 plants, five 
mutants of independent origin, isolated 
egs1 with three alleles 1, 2 and 3 egs2 
with two alleles 1 and 2 

Frequency of rolB gene silencing 
increased and timing altered; 99% rolB 
silencing by egs1-1; silencing at earlier 
developmental stage; silencing of rolB 
results in normal growth and 
differentiation in plants; silencing 
correlated with marked reduction in 
rolB transcripts in cytoplasm; nuclear 
transcription only moderately reduced; 
evidence supports PTGS; silenced state 
mitotically stable; silencing is reversed in 
the sexual progeny; recessive inheritance  
 

ddm1 (decrease in DNA methylation - hypomethylation) [9; 10; 11] 
Columbia ecotype 
 
EMS; 79 pools representing 2,000 plants 
followed by single plants, screening of 
pools for hypomethylated DNA using 
Southern blot analysis, three independent 
mutants isolated: ddm1-1 and ddm1-2 

Non tissue specific hypomethylation of 
genomic DNA from leaves, stems, flower 
buds and roots; hypomethylation of 
centromeric repeats, 5.8S, 18S, and 25S 
rDNA; 70% reduction in genomic 5 
methylcytosine levels; DNA methyl-
transferase activity similar to wild type; 
ddm1/ddm1 homozygotes show increase 
in the number of cauline leaves, altered 
leaf shape, delayed flowering and other 
developmental abnormalities; mitotic 
stability and meiotic heritability of 
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induced developmental abnormalities; re-
methylation of DNA sequences hypo-
methylated by ddm1 mutation is slow or 
nonexistant even in wild type (DDM1) 
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THE ROLE OF INDUCED MUTATIONS IN THE IMPROVEMENT OF COMMON BEANS 

(Phaseolus vulgaris  L.) 
 
 

An early bush type mutant of Phaseolus vulgaris L. was selected, already in 
1940s, after x-ray treatment of the variety ‘Michelite’, a viny type small-seeded 
common bean [2, 3]. The small, early bush type mutant developed at Michigan 
Agricultural Experiment Station was backcrossed to the parent Michelite and a 
large, early bush type was recovered. This type, and other bush type mutants of 
Michelite origin, were used in crosses with anthracnose resistant beans. After four 
generations of back-crosses and five generations of selections a large number of 
anthracnose resistant bush types were available and initially tested for their 
agronomic traits and canning quality in 1953. After a positive evaluation in multi-
location trials, the variety ‘Sanilac’ was released in 1956. In 1958, seeds of this 
variety were available to all bean growers. From 1960 to 1988 a large number of 
new and better bean varieties were developed using the x-ray induced bush type 
mutants or their derivatives in the pedigree (Table 1). ‘Seafarer’ (released in 1967), 
a very early variety with improved disease and virus resistance, was frequently used 
to develop varieties released in the 80s. In 1955, the parent Michelite was sown on 
95% of the 400,000 acres of small-seeded white beans (navy or pea beans) in 
Michigan [2]. In the next two decades after the release of the first mutant derived 
variety, most of the navy bean cultivation area in Michigan was covered by Sanilac 
and other bush varieties developed from the x-ray mutants of Michelite [1]. 

For the development of the currently grown navy bean varieties in North 
America, the white-seeded bush bean mutant ‘NEP-2’ was extensively used as cross 
parent in bean improvement programmes. NEP-2 was induced from the black-seeded 
variety ‘San Fernando’ through mutagenesis [4]. It was one of the various seed-coat 
colour mutants resulting from a mutation programme using EMS or gamma ray 
treatment at the Inter-American Institute of Agricultural Sciences in Turrialba, 
Costa Rica [14, 15]. It was found resistant to common mosaic virus, with good 
canning quality and good agronomic traits [16]. NEP-2, was released in the mid-
seventies [4]. Its use as cross parent in breeding programmes lead to the release of 
many, more productive bean varieties, with mainly upright short vine plant 
architecture in the 1980s and 90s (Table 2). Varieties such as ‘C-20’, ‘Laker’, 
‘Norstar, ‘Huron’ and ‘AC Skipper’ have derivatives of both mutants in their 
pedigree. Altogether, more than 40 mutant-derived varieties were released by 
incorporating one or two mutant types in bean breeding programmes in North 
America from 1956 until 1998. These varieties mainly belong to the group of small 
white-seeded beans, some to the related black and pinto bean groups. At present, the 
small white bean varieties ‘AC Hensall’, ‘Centralia’, ‘Stinger’ and ‘Crestwood’ are 
cultivated in Canada [9], whereas the varieties ‘Albion’, C-20, Crestwood, 
‘Mayflower’, ‘Norstar’, Seafarer, ‘Black Magic’ and ‘Black Hawk’ are grown in the 
small bean production areas of the USA [5, 6]. In Michigan, 40% of the 300,000 
acres of navy bean are covered by varieties developed from C-20 (J.D. Kelly, 
personal communication). 

‘IAPAR 57’ released in 1992, was the first variety with high tolerance to 
golden mosaic virus disease released in Brazil. It yields under high virus disease 
pressure two and half times more than susceptible varieties. It originated from the 
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cross of lines ‘MD 632’ x ‘BAC 32’. The virus disease tolerance of MD 632 derived 
from its mutant parent ‘TMD-1’ which was used in various cross-breeding 
programmes [18,19]. Tolerance of TMD-1 to golden mosaic virus disease was 
induced by EMS seed treatment of ‘Carioca’ [17]. 
 
Table 1. Bean varieties/lines deriving from x-ray induced bush mutants of Michelite 
 or their derivatives (compiled from references 4, 7, 8, 10, 11, 12, 13) 
 

Variety/line Parent contributing the 
bush type 

Year of release Breeding institution/company 

Navy beans (pea 
beans) 

   

Sanilac x-ray induced mutant of 
Michelite 

1956 Michigan State University 
(MSU) 

Seaway x-ray induced mutant of 
Michelite 

1960 MSU 

Gratiot x-ray induced mutant of 
Michelite and Sanilac 

1962 MSU 

Seafarer x-ray induced mutant of 
Michelite 

1967/1971 MSU 

Kentwood Sanilac 1973 Agriculture Canada (AC) 
Fleetwood Sanilac 1977 AC, University of Guelph 

(ACUC) 
C-20 (see table 2) Kentwood 1982/1984 MSU 
Harofleet Fleetwood 1983 ACUC 
Harokent Kentwood 1983 ACUC 
Midland Seafarer 1983 Asgrow Seed Company 
Northland Seafarer 1983 Asgrow Seed Company 
OAC Seaforth Seafarer 1983 ACUC  
Wesland Seafarer and Kentwood 1983 Asgrow Seed Company 
Laker (see table 2) Kentwood 1983/1984 MSU 
Mitchell Seafarer 1986 AC, Harrow, Ontario 
Neptune Seafarer 1986 MSU 
Suncrest Seafarer 1986 Gentech 
Centralia Harokent 1988 ACUC 
Stinger Seafarer 1988 Asgrow Seed Company 
Norstar (Tab. 2) Fleetwood 1993 North Dakota State University 
Huron (Tab. 2) Harokent 1994 MSU 
Newport Harokent 1995 MSU 
AC Skipper (Tab. 
2) 

Kentwood 1996 AC, Alberta 

AC Hensall OAC Seaforth 1997 AC, Ontario 
MSU x 80101 Kentwood  - MSU 
Albion Seafarer - - 
Dresden Fleetwood - - 
 
Pinto beans 

   

Ouray Sanilac 1971/1982 Colorado State University 
Arapaho Ouray 1995 Colorado State University 
 
Other beans 

   

73130-E2-B Kentwood - - 
NC Alberta Pink Swan Valley and 

Kentwood 
1998 AC, Alberta 



8 

Table 2. Bean varieties/lines deriving from the induced mutant variety NEP-2, 
released 1975 or their derivatives (compiled from references 4, 7, 8) 

 
Variety/line Parent contributing the 

‘NEP-2’ genotype 
Year of 
release 

Breeding institution/company 

Navy beans (pea 
beans) 

   

Swan Valley NEP-2 1981/1986 MSU 
C-20 (see table 1) NEP-2 1982/1984 MSU 
L-226-10 MSU N80051 and MSU 

N81009 
1983 MSU 

L-227-1 MSU N80051 and MSU 
 x 80101 

1983 MSU, University of Puerto 
Rico 

Laker (see table 1) NEP-2 1983/1984 MSU 
Mayflower C-20 1988/1989 MSU USDA/ARS 
Norstar (see table 1) C-20 1993 North Dakota State University 
Huron (see table 1) C-20 1994 MSU 
AC Skipper (see table 
1) 

Swan Valley 1996 AC, Alberta 

MSU N76012 NEP-2 - MSU 
MSU N80051 MSU N76012 - MSU 
MSU x80101 NEP-2 - MSU 
MSU N81009 NEP-2 - MSU 
 
Black beans 

   

Black Magic NEP-2 1981/1987 MSU USDA/ARS 
Domino NEP-2 1981/1987 MSU USDA/ARS 
Black Hawk Black Magic 1989/1990 MSU 
 
Pinto beans 

   

JM-126 NEP-2 1986 USDA/ARS Washington State 
University (WSU) 

Maverick Black Magic 1997 North Dakota State University  
Frontier Black Magic 1998 North Dakota State University  
 
Great Northern beans 

   

JM-24 NEP-2 1986 USDA/ARS WSU 
 
Other beans 

   

MSU Sel. #61627 NEP-2 - MSU 
MSU N80043 MSU Sel. #61627 - MSU 
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FAO/IAEA Division, A-1400 Vienna, Austria - Email: k.nichterlein@iaea.org) 
 
 
DEVELOPMENT OF A NEW JUTE (Corchorus. capsularis ) VARIETY ‘BINADESHIPAT-2’ 

THROUGH SODIUM AZIDE MUTAGENESIS 
 
 

Jute is the most important agricultural resource of Bangladesh for earning 
foreign currency [1]. In Bangladesh it is generally sown in April. Mustard and some 
pulses are harvested in February and although the land is available from early March 
for sowing jute, here is no variety which can be grown at that time. If jute is sown in 
early March it initiates flowering at a premature stage. Ultimately it reduces the 
fibre yield and quality. To overcome this, seeds of the widely cultivated variety 
CVL-1 were treated with 4, 6, 8, 10, 12, 14, 16, 18 and 20 mM concentrations of 
sodium azide (NaN3). Two thousand seeds were treated for each concentration and 
M1 generation was grown. Seeds were collected from each M1 plant and kept 
separately. Collected seeds were divided into three lots and sown in the fourth week 
of February and the first and second week of March.  In M2 only 200 individual 
plants were selected from the first March sowing, on the basis of late flowering 
(after 120 days) and plant growth. Strain C-278 (from treatment with 12 mM NaN3) 
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bred true in the subsequent generations and showed better performances in respect 
to flowering and fibre yield compared to its parent variety CVL-1. The strain was 
evaluated in preliminary, advanced, regional and farmers' field trials for its 
flowering behaviour and fibre yield. Agronomic and fibre quality characters are 
shown in Table 1. The strain C-278 showed taller plant height and higher base 
diameter than the parent variety. It produced 8.14% higher fibre yield than the 
variety CVL-1 (average of 15 on-station and 10 farmers` field trials). The strain C-
278 also has improved fibre quality. Finally, it was evaluated that the strain C-278 
(i) has no problem of early flowering when sown in the first week of March (ii) 
could be harvested in July when the land should be available for transplanting Aman 
rice (iii) has possibility to escape early floods in the low lying area and (iv) has also 
improved fibre quality. Finally, in 1997, the National Seed Board released the strain 
C-278 as an early sowing and high fibre yielding variety under the name 
'Binadeshipat-2'. 
 
Table 1.  Some agronomic and fibre quality characters of Binadeshipat-2 (C-278) 

along with its parent variety CVL-1 
 

Strain/                    Agronomic parameters Fibre quality parameters 
Variety Plant 

height 
(cm) 

Base 
diameter 

(cm) 

Fibre 
yield 
(t/ha) 

Elongation 
at break 

(%) 

Energy 
to break 

point 
(mj) 

Linear 
density 

(tex) 

Bundle 
strength 
(lbs/mg) 

Binadeshipat-2 
(C-278) 

317 1.94 2.79 1.29 0.275 2.25 11.18 

CVL-1 (parent) 288 1.82 2.58 0.98 0.129 2.03 10.85 
 

REFERENCES 
 
[1] Shamsuzzaman, K.M., R.N. Oram, K. Malafant, M.A.Q. Shaikh, A.D. Bhuya and 

R.K. Dutta, 1998. Fibre yield of mutants of white jute (Corchorus capsularis) with 
altered phenological development patterns. Field Crops Res. 18: 101-111. 

 
 
(Contributed by SHAMSUZZAMAN, K.M., C.S. SAHA, A.D. BHUYA, and M.A.K. AZAD, 
Bangladesh Institute of Nuclear Agriculture, P.O. Box 4, Mymensingh 2200, Email: 
bina@bdmail.net, Bangladesh) 
 
 

HIGH QUALITY TURFGRASS THROUGH GAMMA IRRADIATION 
 
 

In 1983, dormant stolons (each with two nodes) of the triploid (2n = 3x = 27) 
bermudagrass cultivar 'Midiron' [Cynodon dactylon (L.) Pers. x C. transvaalensis 
Butt-Davy] were treated with 80 Gy of 60Co gamma rays.  Sixty-six fine-textured 
mutants or sectors were selected as plants began to grow from the stolons.  After 12 
years of multi-location testing, mutant number 40 was released as 'Tift 94'.  Tift 94 
has the cold tolerance of Midiron but has improved turf quality under close mowing.  
It also shows non-preference resistance to mole crickets (Scapteriscus spp.) (Table 
1). 
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Table 1. Quality characteristics of Tift 94 turf bermudagrass 1 
 

Variety Quality2 Quality3 Mole 
cricket 

 14 Aug. 6 Oct. 16 July 19 Oct. damage
4 

Tift 94 8.0 8.0 8.0 8.5 1.0 
Midiron 6.0 5.5 2.5 2.5 5.4 
LSD (0.05) 1.6 1.6 1.9 2.4 2.3 

1 Ratings for quality: 1 = poor and 9 = best. 
2 Test established in 1983, ratings from 1991. Grass cut at 25 mm 3x per week. 
3 Test established in 1987, ratings from 1993. Grass cut at 12 mm 3x per week. 
4 Ratings for mole cricket: 1 = resistant and 9 = susceptible. 

 
 
(Contributed by HANNA,W.W., USDA-ARS, Costal Plain Experimental Station, Tifton, GA 
31793, USA) 
 

 
NEW SEEDED CENTIPEDEGRASS TURF THROUGH GAMMA IRRADIATION 

 
 

Seeds of common centipedegrass (Eremochloa ophiuroides) were recurrently 
irradiated with 12 Gy 60Co gamma rays. In each cycle, 1500 plants were spaced on 
0.3 m centers and allowed to interpollinate.  Seed was bulk-harvested in each cycle. 
4,500 plants from cycle 3 and 2,300 plants from cycle 5 were space planted on 0.3 m 
centers at Blairsville, GA.  Plants that survived -280C during the 1984-1985 winter 
were interpollinated. Seeds from these surviving plants become 'TifBlair', the first 
seeded centipedegrass cultivar with a known pedigree.  Compared to common 
centipedegrass, TifBlair is more cold tolerant, produces more and faster growing 
stolons, grows taller, produces larger seeds and grows more rapidly on a soil of pH 
4.3. 
 
 
(Contributed by HANNA,W.W., USDA-ARS, Costal Plain Experimental Station, Tifton, GA 
31793, USA) 
 
 

DEVELOPMENT OF MUNGBEAN VARIETY 'NIAB MUNG 98' INVOLVING  
INDUCED MUTANTS THROUGH CONVENTIONAL BREEDING 

 
 
 Genetic improvement of mungbean (Vigna radiata L. Wilczek) through 
induced mutations [1] has been in progress at the Nuclear Institute for Agriculture 
and Biology (NIAB), Faisalabad, Pakistan for the past two decades.  Breeding 
efforts have resulted in the development of high yielding and short duration mutants 
'NIAB MUNG' (NM) viz. NM 28, NM 13-1, NM 19-19, NM 20-21, and NM 121-25, 
released as varieties for direct utilization. Irradiation of F1 hybrids between CV 
6601 and VC 1973A has resulted in the development of NM 51 and NM 54. 
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 NIAB MUNG 98 was developed through hybridization [2] between an induced 
mutant variety NM 20-21 and an exotic AVRDC accession VC 1482E, by the 
pedigree method of selection. Yield evaluation of NIAB MUNG 98 along with 
parent varieties in different trials (screening nurseries, microplot, advanced, 
national, and adaptation) indicated that NIAB MUNG 98 produced 14% and 17% 
higher seed yield as compared to NM 51 and NM 20-21 respectively (Table 1). 
NIAB MUNG 98 has significantly higher number of pods and seed yield per plant 
(Table 2). It has also shown resistance against Cercospora Leaf Spot (CLS) and 
Mungbean Yellow Mosaic Virus (MYMV).  Based upon superb yield performance of 
NIAB MUNG 98, the variety was approved in November 1998, by the Provincial 
Seed Council for general cultivation in the Punjab Province. 
 
Table 1. Yield performance (kg/ha) of NIAB MUNG 98  
 
Trial Year Variety 
  NM 20-21 NM 51 NM 98 
Screening Nursery 1990 1664 - 1790 
 1991 1079 - 1654 
Microplot Trials 1992 1394 1624 2138 
 1993 1387 1789 2902 
Advanced Yield Trials 1994 - 1279 1529 
 1995 - 1785 1806 
National Trials 1995 - -   675 
 1996 - - 1244 
Adaptation Trials 1996 -   777 1049 
 1997 - 1292 1378 
 
 
Table 2. Seed yield and yield components in NIAB MUNG 98 in comparison with 

standard varieties 
 
Variety Pod/plant Pod length 

(cm) 
Seed/pod 1000 seed 

Wt. (g) 
Yield/plant 

(g) 
NM 98* 47.1 8.4 11.0 38.0 20.7 
NM 51 36.3 9.7 12.1 42.1 16.0 
NM 54 28.8 9.9 11.8 57.8 15.8 
NM 20-21 30.0 7.8 10.7 36.3 13.0 
NM 121-25 43.3 8.7 10.9 30.6 14.0 
      
LSD 5% 4.51 NS NS 0.42 1.94 
        1% 6.56 NS NS 0.61 2.81 
*/Plant height: 60cm, Resistant to Mungbean Yellow Mosaic Virus and Cercospora Leaf 
Spot diseases, matures 70-80 days. 
 
 

REFERENCES 
 

[1] Bahl, J.R., and P.K. Gupta. 1983. Promising mutants in mungbean. Vigna radiata L. 
Wilczek. Plant Breed. Abst. 53 (2): 165 

[2] Boling, M., D.A. Sander and R.S. Matlock.1961. Mungbean hybridization technique. 
Agron. J. 53: 54-55. 
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(Contributed by SIDDIQUE SADIQ, M., G. SARWAR, G. S. S. KHATTAK and M. 
SALEEM, Nuclear Institute for Agriculture and Biology, P.O. Box 128, Faisalabad, 
Pakistan) 
 
 
DEVELOPMENT OF HIGH YIELDING MUTANTS FROM AN ELITE RICE CULTIVAR 

'SWARNA PRABHA' 
 
 
Induced mutagenesis serves as an important tool for creating usable genetic 

variability in crop plants and significant achievements in crop improvement have 
been made through the mutation approach.  It also serves as a supplement to 
conventional breeding programmes to improve one or two specific characters in a 
well-adapted and acceptable elite cultivar. 

'Swarna Prabha' is a highly physiologically efficient rice cultivar and records 
stable yields in both wet and dry seasons. The photosynthetic rate is high (32-34mg 
CO2 dm-2 hr-1) and also, the reduction in both photosynthetic rate and stomatal 
conductance to CO2 was very low under low light conditions, which are prevalent in 
Eastern India during the wet season. The cultivar, however, possesses a weak culm 
(prone to lodging) and coarse grain. 

The mutation approach was followed to improve the cultivar through induced 
genetic changes for both grain type and stiffer culm. Dry seeds were subjected to 
gamma ray irradiation (250 Gy) and the M2 population was screened for mutants. 
Thirty mutants with alterations for grain characters (grain shape and test weight) 
were identified but semi-dwarf culm mutants could be only observed in M3 but not 
in M2 generation. In M2 generation, segregation was observed for panicle and grain 
characters. One hundred and sixty five selections were made in M3, of which 30 
were semi-dwarf. The M4 mutant lines were evaluated for stability of grain 
characters and culm stiffness.  It was observed that the alteration from coarse grain 
to fine has also resulted in weak culm in a few instances and all the short culm 
mutants showed very low productivity. 

Twentyseven M4 selections were evaluated for their photosynthetic rate and the 
mutants showed a wide range of values between 29.4 and 35.7 CO2 dm-2 hr-1 as 
against the parental value of 33.4. Four mutant lines surpassed the parental value. 
However, in the present study, no positive relationship was observed between the 
photosynthetic rate and grain yield. Further yield evaluation trials resulted in 
identification of two promising mutants, 'CRM 40' and 'CRM 41' from the twenty- 
seven selections. The mutants were submitted to the All India Coordinated Rice 
Improvement Programme for multilocational  Initial Evaluation Trial (IET). One of 
the mutants, CRM 40 - which recorded high yields in several regions, was promoted 
to the Advanced Variety Trial (AVT) in 1991.  The mutant recorded higher yields 
over the controls in different locations like Orissa, Bihar and Madhya Pradesh in 
both 1991 and 1992. On the basis of its relative performance, CRM 40 was 
recommended for release in two states, Orissa and Madhya Pradesh in 1993. 
Extensive trials conducted in farmer’s fields confirmed the results of the 
Coordinated trials as CRM 40 recorded high yields consistently in both irrigated 
medium lands and also in bunded uplands.  Based on its performance, CRM 40 was 
released as 'Radhi' by the State of Orissa in 1996 and was recommended for general 
cultivation in irrigated lands in both wet and dry seasons. 
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The mutant cultivar, Radhi, is tall in stature (~120 cm) with 7-8 panicle-
bearing tillers and matures in 120 days. It possess long bold grains with an average 
test weight of 25.45 g. It is resistant to brown planthopper (BPH) and moderately 
resistant to sheath blight and sheath rot.  The main advantage of this improved 
cultivar is its consistent yield output of more than 4 t/ha under very low inputs (N2~ 
40 kg/ha) and the fact that it outyields the parent variety by more than 0.5 t/ha in 
both dry and wet seasons.  

 
 

(Contributed by RAO, G.J.N. and N.P. SARMA*, Central Rice Research Institute, 
Cuttack-753 006, Orissa, Email: crri@crri.ori.nic.in; *Directorate of Rice Research, 
Rajendranagar, Hyderabad-500030, India) 
 
 

'NIAB MUNG 92' A HIGH YIELDING AND SHORT DURATION MUNGBEAN  
VARIETY 

 
 
 Induced mutations has played a significant role in the development of many 
crop varieties [2] and is instrumental in enhancing genetic variability. Induced 
mutations in mungbean at the Nuclear Institute for Agriculture and Biology (NIAB), 
Faisalabad, Pakistan have been successful in developing mutant varieties 'NIAB 
MUNG' (NM) in an endemic cytoplasmic genetic background i.e. NM 28, NM 13-1, 
NM 19-19, NM 20-21, NM 121-25, NM 51 and NM 54. 
 To introgress large seed size into an adapted germplasm, hybridization [1] 
between a mutant line NM 36 and an AVRDC accession VC 2768B was initiated. 
The breeding efforts resulted in the development of a high yielding and short 
duration mungbean variety - NIAB MUNG 92. This variety has higher yield 
potential (2 tons/ha) with inherent earliness and uniform maturity. It produced 45% 
and 24% higher seed yield as compared to NM 121-25 and NM 51 respectively 
(Table 1). 
 
Table 1. Yield performance of NIAB MUNG 92 in different sets of yield trials 
 
Varieties NIAB Farm 

Trials 
1991-94 

Multilocation 
Trials 

1992-94 

Average yield 
(kg/ha) 

Yield increase 
(%) 

NM 92 2164 1457 1811 - 
NM 121-25 1281 1206 1244 45 
NM 51 1609 1315 1462 24 
 

Plants of this variety have an attractive large seed size (56 g/1000 seeds) and 
are insensitive to photoperiod with determinate plant growth habit. The variety is 
also resistant to field shattering and amenable to mechanical harvest. The variety 
translocates higher amounts of photosynthates to the seeds, resulting in high harvest 
index (Table 2) as compared to other mungbean varieties.  Based on the superior 
yield performance of NIAB MUNG 92 the variety was approved in November 1996, 
by the Provincial Seed Council, for its general cultivation in the Punjab Province. 
Table 2. Morpho-physiological traits of NIAB MUNG 92. 
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Trait NIAB NUNG 92 NIAB MUNG 51 NIAB MUNG 121-25 
Days to flower 32 40 45 
Days to mature 58 68 71 
Plant height (cm) 53 80 81 
No. of pods/plant 38 38 37 
Harvest Index (%) 37 25 23 
1000 seed weight (g) 56 45 31 
Seed Protein (%)    25.3    24.9    25.1 
    
Reaction to diseases    
i)  Mungbean Yellow 
    Mosaic Virus 

Highly Resistant Highly Resistant Moderately Resistant 

ii) Cercospora Leaf 
    Spot 

Resistant Tolerant Moderately 
Susceptible 

 
 

REFERENCES 
 
[1] Boling, M., D.A. Sander, and R.S. Matlock. 1961. Mungbean hybridization 

technique. Agron. J. 53: 54-55 
[2] Micke, A. 1988. Genetic improvement of grain legumes using induced mutations. In: 

Improvement of Grain Legume Production Using Induced Mutation. IAEA. Vienna, 
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(Contributed by SIDDIQUE SADIQ, M., G. SARWAR, M. SALEEM and G. S. S. 
KHATTAK, Nuclear Institute for Agricultur and Biology (NIAB), Faisalabad - Pakistan) 
 
 

TWELVE NEW GROUNDNUT (Arachis hypogaea  L.) MUTATED GERMPLASM 
REGISTERED IN ICRISAT GENE BANK 

 
 

Groundnut or peanut (Arachis hypogaea L.), is an economically important 
principal oilseed and cash crop which is cultivated on a large scale throughout the 
world.  In India groundnut occupies 31.3% of the total cropped area under oilseeds 
(8.35 million hectares) and accounts for 36.1% of the total oil production (8.85 
million tons).  Many reasons are ascribed to the low productivity of this crop in 
developing countries. Early leaf spot (Cercospora arachidicola) and late leaf spot 
(Phaeoisariopsis personata) are the two most important fungal diseases of 
groundnut in India.  Individually, or in combination, the two diseases can cause 
more than 50% yield loss [1].  Groundnut is grown in Tamil Nadu only under 
rainfed conditions during the rainy season in red soils of poor fertility; the crop is 
usually subjected to drought conditions with consequent reduction in crop yields.  
Although India has achieved great success in cereal production, there is a large gap 
between the demand and supply of edible oils.  It is estimated that more than 32 
million tons of oilseeds are needed every year [2].  One possible way to increase 
oilseed production is to include efficient oilseed crops in existing cropping system. 
A number of attempts have been made to produce disease resistant, drought tolerant 
and productive characters through conventional breeding methods, but the lines 
developed either possessed only a moderate level of resistance or retained one or 
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oilseed production is to include efficient oilseed crops in existing cropping system. 
A number of attempts have been made to produce disease resistant, drought tolerant 
and productive characters through conventional breeding methods, but the lines 
developed either possessed only a moderate level of resistance or retained one or 
more undesirable features. Hence, there is an urgent need to produce and identify 
new cultivars combining high level disease resistance, early maturity, desirable pod 
and kernel features, besides increased yield and oil content in groundnut. Induced 
mutations could form a potent tool to develop new genes for various characters of 
groundnut, particularly various degrees of resistance to biotic and abiotic stresses, 
pod number, seed yield and oil content, without radically altering the genetic 
background of the cultivars under study. 

The seeds of important local cultivar VRI-2 (‘Virdhachalam 2’) with 48% oil 
content were selected for the present study. The seed materials were procured from 
Oilseed Research Station, Tamil Nadu Agricultural University, Virdhachalam. Well-
developed, uniform and dry seeds, standardised for moisture content at 13% (with 
glycerol), were irradiated with gamma rays from a 60Co source. The doses 
administrated were 50, 100, 150, 200, 250, 300, 350, 400, 450 and 500 Gy. The 
seeds were presoaked in distilled water for 8 h and were treated with various 
concentrations of ethyl methane sulphonate (EMS) and sodium azide (NaN3) 5, 10, 
15, 20, 25, 30, 35, 40, 45 and 50 mM which were prepared in a phosphate buffer 
solution of pH 6.0 and 3.0 respectively. Soon after the treatment, seeds were washed 
with running tap water for 4 h and sown on the experimental field along with 
respective controls. The unexposed dry seeds and seeds soaked in distilled water 
were served as control. Three hundred seeds for each treatment were sown on a field 
with 3 replicates each consisting of 100 seeds with a spacing of 30 cm between the 
rows and between plants during 1992. In M1 generation, groups of plants were 
harvested on a bulk basis, while in M2 generation single plants were selected and 
single progeny selection method was followed for improvement. One hundred and 
fifty normal looking plants from each dose/concentration were randomly selected 
and advanced to M3 generation during 1993. In M3, a group of 50 normal looking 
plants with visual observations for improvement in yield, oil and other economic 
characters were selected for each dose/concentration. Oil content was estimated by 
NMR analyser (TNAU, Coimbatore). Selected superior mutant progenies were 
evaluated in M4 and M5 during 1994-95 for yield, oil and other economic characters. 

Several mutants from M5 were isolated for various agronomic traits. Seeds of 
all these elite progenies showed an overall increase in oil percentage and seed yield 
over respective parents. Eighteen promising mutants were supplied to ICRISAT, 
Patancheru, India, during December 1995. Among them twelve mutants were 
registered as new germplasm by the ICRISAT Gene Bank (ICG15127 to ICG15138) 
(Table 1). 

Two mutant lines of high yield and oil content, one mutant of disease and one 
of drought resistance and six mutants for pod, kernel and improvement of other 
characters were identified.  The new mutant lines significantly outyielded over the 
parental variety and were superior in many agronomic traits. These elite lines are the 
potential candidates to introduce in the farming system of Tamil Nadu and other 
places of India. These germplasm are currently under advance evaluation trials in 
ICRISAT and other centres.  For further information and for small quantities of seed 
contact: Dr. A.K. Singh, Senior Scientist (Germplasm), ICRISAT, Patancheru-502 
324, AP, India (Fax:+91 40 241239; E-mail:ICRISAT@CGNET.COM). 
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Table 1. Description of new registered groundnut mutant lines and their yield and 
oil content  

 
ICRISAT 
identity 

Mutated character Pod yield (g) Oil content 
(%) 

VRI-2 
(Virdhachalam) 
ICG 15127 
ICG 15128 
ICG 15129 
ICG 15130 
ICG 15131 
ICG 15132 
ICG 15133 
ICG 15134 
ICG 15135 
ICG 15136 
ICG 15137 
ICG 15138 

 
 
High yield (500 Gy) 
Smooth surface pod (300 Gy) 
Deep constriction pod (EMS 20 mM) 
High oil content (250 Gy) 
Smaller size pod (EMS 30 mM) 
Disease resistance (NaN3 15 mM) 
High yield (EMS 25 mM) 
High oil content (EMS 5 mM) 
Bold pod (350 Gy) 
Drought resistant (400 Gy) 
Dwarf (NaN3 35 mM) 
Medium size pod (450 Gy) 

 
39.61 
60.20* 
48.40 
46.40 
62.20** 
48.60 
52.60* 
64.30** 
60.50** 
44.80 
57.80* 
61.60* 
63.80** 

 
48.28 
57.62** 
53.69* 
53.20 
58.10** 
54.56* 
55.50* 
52.48 
59.00** 
53.90* 
52.05 
52.80 
52.08 

* and ** significant at 5% and 1% level, respectively (t-test) 
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DECORATIVE PERICLINAL CHIMERAS OF Weigela praecox  (Lemoine) Bailey 

CREATED BY CHEMICAL MUTAGENESIS 
 
 
 Achlorophyllous mutations are remarkable results of plant mutagenesis.  They 
are very popular among gardeners as a component of ornamental periclinal chimeras 
with motley leaves (“variegata”, “marginata” and “media picta”).  The “aurea 
marginata” form of Weigela is well-known.  If the periclinal chimera is possible 
because of the apex structure, then the periclinal chimera with the reverse 
combination (“media picta”) is possible as well.  To make such periclinal chimeras 
we have received achlorophyllous mutations in the experiment with growing of 
seedlings from Weigela praecox seeds treated with chemical mutagens.  The 
solutions of N-methyl-N-nitrosourea (MNH) 0.02%, N-ethyl-N-nitrosourea (ENH) 
0.05%, dimethyl-N-nitrosourea (dMNH) (0.1%) and 18 hours treatment were used.  
The year-old seedlings with minor achlorophyllous spots on the leaves were noted in 
M1.  We cut the shoots above the leaves with such spots for the germination of new 
shoots from the lateral buds.  This process was repeated until chimeras became 
stable. 

Two chimeras “marginata” and 3 chimeras “media picta” were obtained in the 
result. Several achlorophyllous mutations were fixed as internal elements in apexes 
of periclinal chimeras of the type “chlorina media picta” which were described 
firstly as belonging to Weigela.  Because of availability of cells that are able to 
synthesis of the chlorophyll in the tunica of the apex, chimeras maintained a high 
viability of the wild genotype in combination with a high ornamentality of the 
motley leafed mutant.  Mutations had been received in 1990 and fixed as periclinal 
chimeras in 1992 - 1993.  These chimeras were multiplied by green cuttings in 1993 
- 1995. 

The best new form is a shrub up to 2 meters in height with opposite back-egg-
shaped leaves 6-8 cm in length and 3-6 cm in width.  Leaves are with a sparse 
pubescence, which is more pronounced on the lower surface.  Flowers are lilac-pink 
tube-bell.  Blooming is abundant.  This form propagates easily by green cuttings 
with one or several internodes. 

The 3 year old plants Weigela praecox “chlorina media picta”reach 0.5-0.7 m 
and at 4 years of age they bloom abundantly.  The colouring of their leaves is the 
main difference of this form.  In the middle part of all leaves there is an elongated 
light yellow-green spot of 2.5 - 4 cm with a clear boundary and curved edges.  The 
spot is brighter on young leaves.  The reddish colouring of one year shoots is the 
second peculiarity of this form.  Ornamental properties of the new form are not kept 
by seed propagation as in all chimeras.  New forms of Weigela praecox “chlorina 
media picta” differ from the wild genotype by a high ornamentality during the whole 
vegetation season, they are hardier than the known Weigela forms of the 
“marginata” type and can be widely used in greenbelt settings.  

We had also selected several new mutant forms of Pinus montana and Pinus 
sylvestris.  Cuttings and nursery products of new forms are proposed for exchange 
[1]. Our experience shows that new forms, created by the stabilisation of 
achlorophyllous mutations from M1 as a component of periclinal chimeras with 
motley leaves (“variegata”, “marginata” and “media picta”), increase the 
biodiversity of ornamental plants for greenbelt setting. 
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(Contributed by BENGUS, YU., Botanical Garden of Kharkov State University, 52 
Klochkovskaja st., 310022 Kharkov, Ukraine.  E-mail:  bensus@ilt.kharkov.ua) 
 
 

IN VITRO MUTAGENESIS IN SUGARCANE CALLUS CULTURE 
 
 

Tissue and cell culture are considered an important breeding tool for crop 
improvement. In vegetatively propagated species, mutagenesis combined with in 
vitro culture techniques may be the only method to improve existing cultivars. 
Tissue culture and mutagenesis were applied to increase variation in sugarcane by 
irradiation of dormant buds or cuttings and subsequent in vitro development of 
plants [1]. An alternative method, allowing mutagenic treatment of large numbers of 
individuals, is in vitro mutagenesis of somatic callus or cell suspension followed by 
regeneration and selection of desired mutants [2].  The study was designed to 
determine conditions for chemical and physical mutagenesis of sugarcane somatic 
callus.  Callus culture was established from shoot-explants of 8-week old, pot 
grown, sugarcane (Saccharum officinarum L.) plants. The BL4 clone was used, 
obtained from Dr. S.H. Siddique, Atomic Energy Agricultural Research Centre, 
Tandojam, Pakistan. The explants of the innermost 5-6 tightly furled leaves were 
placed on induction agar medium consisting of Murashige and Skoog [3] salts and 
vitamins, 4 mg/l 2,4-D and 20 g/l sucrose. The induction of callus took place in a 
dark room, at 280C.  After one month of culture, the actively growing callus tissues 
were separated from the explants and treated with physical or chemical mutagens. 
Two doses of gamma-rays (10 and 15 Gy) or 2 mM solution of N-nitroso-N-
methylurea (MNH) from Serva were applied for 2 and 3 hours.  After irradiation, 
part of the calli were directly transferred to fresh, non-irradiated medium (IC 
method). The remainder of the calli were kept on irradiated medium for 4 weeks as 
they were subcultured onto fresh medium just one day before irradiation (ICM 
method).  For each mutagen and dose tested, 10 samples of callus (about 1 g of fresh 
weight each) were placed on induction medium (one sample per petri-dish). After 
one-month culture on induction medium, the fresh-weight gain of every callus 
sample was measured and the culture was transferred onto regeneration medium in 
which 2,4-D was replaced by 2 mg/l kinetin; 2 mg/l IBA and 2 mg/l IAA. After 8-
week culture on regeneration medium, data on regeneration capacity of calli were 
recorded. Additionally, the frequency of shoots displaying chlorophyll deficiency 
(chlorophyll variants) among regenerants was estimated. 
 The inhibition of callus growth in relation to the control was observed in every 
treated culture and reduction in fresh-weight gain ranged from 42 to 91% (Table 1). 
The influence of both mutagens in all doses applied was also noticed at the level of 
plant regeneration. In the most harmful combinations (15 Gy - ICM and MNH 2 mM 
x 3 h) a 72% reduction in regeneration ability was observed.  An increase in the 
frequency of chlorophyll deficient variants was recorded after all doses of MNH or 
gamma-rays used. In all treated combinations a 1.5 - 8 fold increase over the control 
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in frequency of variants, was noticed. The highest frequency of chlorophyll-
deficient variants, up to 8.0%, was induced when callus and medium were exposed 
to 15 Gy gamma-rays. A similar frequency of chlorophyll shoots (7.8%) was 
observed in culture treated with 2 mM x 3 h of MNH. The most frequently observed 
variants were albino shoots but a few light-green or striped shoots were also 
noticed. It was noticed that after the same gamma-ray doses, the reduction in fresh-
weight gain of callus and number of regenerated shoots was higher when irradiated 
callus was cultured for a subsequent 4 weeks on irradiated medium (ICM) than when 
it was transferred onto fresh, non-irradiated medium (IC). The difference between 
these two regime treatments was also noticed in the frequency of chlorophyll 
variants, as 10 Gy of gamma-rays resulted in 3.3 and 5.0% and 15 Gy caused 5.0 and 
8.0% of chlorophyll deficient shoots in IC and ICM combinations, respectively.  
Hundreds of sugarcane plants regenerated from control and gamma-rays or MNH-
treated calli were planted in the field to estimate the frequency of variation in 
morphological characters. 
 
Table 1. The influence of gamma-rays and MNH treatment on callus and regene-

ration ability of sugarcane 
 
 
Treatment  

Dose Fresh-weight 
gain of                  
callus 

 (g) 

 Callus 
growth 

reduction 
(%) 

Regenerated 
shoots 
(No.) 

Regeneration 
ability 

reduction 
(%) 

Frequency of 
chlorophyll-

deficient 
variants (%) 

Gamma-rays (Gy) 
                                                                                  0 0.66 ± 0.35 0 1351 0 2.1 
IC 10 0.39 ± 0.18 42 847 27 3.3 
 15 0.16 ± 0.05 77 486 65 5.0 
 0 0.65 ± 0.12 0 925 0 1.0 
ICM 10 0.08 ± 0.02 88 350 62 5.0 
 15 0.05 ± 0.02 91 258 72 8.0 

MNH (mM x h) 
 0 0.54 ± 0.12 0 1092 0 0.9 
 2 x 2  0.15 ± 0.05 72 398 64 4.5 
 2 x 3 0.06 ± 0.02 89 305 72 7.8 
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IN VITRO INDUCED VARIATION FOR SELECTION OF VALINE RESISTANCE IN 
CALLUS CULTURE OF Arabidopsis thaliana  (L.) Heynh. 

 
 

Studies on selection of valine-resistant tobacco mutants indicated the high 
efficiency of recovery of such mutants [1].  The presented study has been designed 
to screen for mutants of Arabidopsis thaliana (L.) Heynh. in callus culture derived 
from mutagenised leaf-explants.  This system combines in vitro mutagenesis 
followed by selection of culture growing in the presence of a toxic concentration of 
valine. Two ecotypes of A. thaliana C-24 and RLD were used in the study. Culture 
of arabidopsis leaf-explants followed the regeneration system proposed by [2]. The 
protocol includes 5-7 day culture of explants in liquid induction medium and then 
culture on agar shoot regeneration medium. The culture was established from 
untreated (control) and mutagenised explants. N-nitroso-N-methylurea (MNH, 
Serva) was applied as a chemical mutagen. Small rosette-leaves or fragments of 
bigger leaves (0,5-1,0 cm2) excised from donor plants were incubated for 3h on the 
gyratory shaker in callus induction medium containing three concentrations of filter-
sterilised MNH (0,25; 0,5 and 1,0 mM) and thoroughly rinsed in the mutagen-free-
medium. For physical mutagenesis, gamma radiation (60Co, intensity 64 rad/sec) at 
two doses (15 and 30 Gy) was applied to plants growing on MS10 medium. On the 
same day the explants were excised from irradiated plants to start the culture.  
In spite of a very strong toxic effect of valine on germination and growth of A. 
thaliana plants, no distinct influence of 10 mM valine was noticed on callus-
formation ability of cultured leaf-explants (Table 1). The high efficiency of callus 
formation was observed in all combinations studied. Over 88 and 91% of explants, 
for C-24 and RLD respectively, developed callus tissue. The strong inhibitory effect 
of valine on shoot regeneration ability was more pronounced in culture derived from 
untreated explants than in culture of mutagenised explants.  The highest number of 
calli able to develop shoots (10.8%) was induced after gamma-irradiation with 15 
Gy. Among MNH doses applied the most efficient for both genotypes was 0.5 mM x 
3h which induced shoot regeneration in 6.4 and 5.7% of calli for C-24 and RLD 
genotype, respectively.  In total, 924 control and 2077 mutagen-treated explants 
were subjected to selection on valine-containing regeneration medium and 17 and 
294 shoots were regenerated, respectively (Table 2). The average frequency of 
regenerated shoots was much higher in cultures established from mutagenised 
explants and reached 14.2 shoots per 100 calli in comparison to 1.8 shoots in the 
control culture.  Although in total, over 300 shoots were regenerated on selection 
medium, a vast number of them failed to grow after transfer onto rooting medium. 
Only 28 of the regenerants selected on valine-medium developed seeds. Two fertile 
arabidopsis shoots were developed under valine selection without any mutagenic 
treatment, as a result of somaclonal variation. The phenomenon of somaclonal 
variation has been described as a source for in vitro regenerated mutants or variants 
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in many species [3] including A. thaliana [4]. However, the data obtained in the 
presented study on regeneration frequency in culture established from mutagenic 
treated explants has indicated a higher efficiency of selection and mutant/variant 
recovery when in vitro culture was combined with chemical or physical 
mutagenesis. 
 
 Table 1. Callus formation and shoot regeneration efficiency from untreated and 

mutagenised A. thaliana explants under selection on valine medium 
 
Genotype Dose of 

mutagen 
No. of 

explants 
Explants 

forming calli 
(%) 

Regenerating 
calli 

   No.          (%) 

Regenerated  
shoots (No.) 

C-24      - 488   88.3 ± 7.9     2             0.5  4 
RLD      - 436   91.2 ± 6.0     5             1.3 13 

        MNH (mM x 3 h) 
C-24      0.25 263   84.1 ± 6.6     8              3.6 25 
      0.5 448   78.2 ± 10.5   23              6.4           108 
      1.0 288   74.3 ± 8.8     4              1.9 16 
RLD      0.25 207   88.4 ± 5.6     5              2.1   8 
      0.5 345   81.7 ± 7.1   16              5.7 49 
      1.0 325   73.8 ± 7.6     6              2.5 17 

Gamma - rays (Gy) 
C-24    15 166   82.9 ± 8.6    16           10.8 26 
    30 163   64.1 ± 9.6      5             4.8 14 
RLD    15 186   84.5 ± 9.9      2             1.3 14 
    30 162   68.1 ±4.7      7             6.4 17 
 
Table 2. The effect of mutagenic treatment on regeneration ability of A. thaliana  

callus culture under selection on valine medium 
 

Culture No. of calli  
under 

selection 

No. of regenerated 
shoots 

   Total            Per  
    No.        100 calli 

Fertile R1 
plants 

    No.       (%) 

Untreated          924          17          1.8       2         11.8 
MNH-treated        1558        223        14.3     19           8.5 
Gamma-ray 
treated 

         519          71        13.7              7           9.9 

Mutagenised 
(Total) 

       2077        294        14.2     26           8.8 
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INDUCTION OF RESISTANCE TO BLAST DISEASE IN RICE CULTIVAR 'IR 50' 
 
The elite cultivar, 'IR 50' was developed at the International Rice Research 

Institute and was released in India for the State of Tamil Nadu in 1982. It is highly 
responsive to fertilizer, records high yields and possess good grain characters.  It 
matures in just more than 100 days and is ideal for both samba and navarai seasons 
in Tamil Nadu. The cultivar was shown to be highly susceptible to blast 
(Magnaportha grisea) causing extensive losses.  This generated the need for 
improved resistance to blast in this cultivar. One of the most promising techniques 
for producing disease resistant forms of plants is the use of mutagenic agents. 

With the objective of developing high yielding blast tolerant mutant lines from 
IR 50, the mutation approach was adopted. Gamma-rays from 60Co and chemical 
mutagens (ethyl methanesulphonate - EMS and sodium azide - NaN3) were 
employed on dry seeds for induction of mutations. The M1 generation was grown in 
1983.  In 1984, more than 100,000 plants were grown in M2 generation. One 
hundred and sixty eight M2 derived families were grown in M3 generation in 1985. 
For further evaluation in M4 and M5 generations, 128 M3 mutant lines were selected. 
Based on yield and other attributes, a total of 85 mutant lines were  finally selected. 
All selected mutants resemble the parent for both agronomic and quality 
characteristics. 

The evaluation of these mutant lines for their level of tolerance to blast disease 
was conducted at the Central Rice Research Institute (CRRI) over a number of years 
under both artificial and natural conditions. These mutant lines showed varied levels 
of tolerance to blast in comparison to the parent cultivar.  To confirm these findings 
the mutants were tested at different 'hot spot' locations of blast like Hazaribag in 
Bihar,  Maruteru in Andhra Pradesh and Jagdalpur in Madhya Pradesh.  In addition, 
they were also screened under greenhouse conditions at the Directorate of Rice 
Research, Hyderabad.  Experimental data from all these centers support the earlier 
finding that variation for tolerance to blast exists in these mutant lines. 

The mutant lines were further evaluated under artificial screening at CRRI and 
highly tolerant individual plants with individual scores of 1 and 2 as against the 
parent score of 7 to 9 (in the IRRI disease score scale of 1 to 9) were selected.  After 
seed multiplication, yield evaluation trials were conducted on fourteen different 
individual plant derived lines. The field evaluation data on the selected fourteen 
mutant lines i.e. CRM 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54 and 58 
indicate that all these mutant lines will yield either at par to the parent, or higher. 

The mutants were further tested for their suitability in the replacement of the 
parent variety in the State of Assam. In the yield evaluation and adaptation trials 
conducted at Kokilabari Farm, Assam, the mutants performed consistently giving a 
yield of over 3 t/ha.  Further evaluation of CRM mutant lines over a four year period 
at Regional Agricultural Research Station, Assam Agricultural University, Diphu, 
Assam revealed that three mutants ‘CRM 49’, ‘CRN 51’ (after sodium azide 
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treatment - 0.001 M), and ‘CRM 53’ (after EMS treatment - 0.66%) consistently 
yielded double that of the parent (1.25 t/ha for parent).  Further, in the trials 
conducted at the Zonal Agricultural Research Station of Indira Gandhi Krishi Viswa 
Vidyalaya, Jagdalpur, the CRM mutants performed well on both the yield and the 
disease scores.  Based on the performance of these mutants, the Government of 
Assam is proposing the release of three mutants namely, CRM 49, 51 and 53 and 
wishes to replace the parent cultivar IR 50 with these high yielding and blast 
tolerant mutants. 
 
 
(Contributed by SARMA, N.P.*, G.J.N. RAO and K.V.S.R.K. ROW, Central Rice 
Research Institute, Cuttack-753 006, Orissa, Email: crri@crri.ori.nic.in; *Directorate of 
Rice Research, Rajendranagar, Hyderabad-500030, India) 
 
 

RESULTS AND PROSPECTS OF THE USE OF MUTANTS IN SUNFLOWER 
BREEDING 

 
 
 Modern agriculture requires a significant yield increase of farm crops. In the 
case of sunflower, this problem may be solved by developing varieties and hybrids 
with new plant architecture, tolerant to high density conditions. Some mutants were 
developed to solve this problem by long-term breeding through chemical 
mutagenesis (1980-1995). Among them were mutants M-2006, M-2007, M-2008, 
which are characterized by a short leaf petiole, ranging from 1.3 to 5.8 cm, and with 
increased tolerance to high plant density (80-150 thousand plants/hectare).  In the 
mutant M-1991 the petiole is absent completely. 
 Super-early, cold tolerant, sunflower mutants (M-1700, M-1925, M-1927) 
which are resistant to high density growing conditions (100-120 thousand 
plants/hectare) and with a vegetation period of 45-75 days are of great interest for 
northern regions throughout the world.  Their usage makes it possible to obtain two 
yields per season. Other mutants (M-1584, M-1155, M-1624, M-1967) are very 
important for sunflower breeding. They possess a unique combination of dwarfness 
(35-140 cm) and large seed size (50-53% increase). 
 The above-mentioned, as well as other valuable mutants, have compact growth 
habit, short petiole, small leaves, dwarf and erect growth and are resistant to lodging 
and stalk breakage. They give an increment yield up to 10 t/ha under high density 
plant stands. Promising mutants were tested in various agroecological zones of Ural, 
Novosibirsk, Moscow, Byelorussia and Kuban. Results of the two mutants trial 
performed in 1995 on the Ust-Labinsk (Krasnodar Territory) testing plot are 
presented in Table 1. Mutants M-1925 and M-1927 were tested in 35x35 cm sowing 
density, and plant stand was 100 thousand plants/ha. 
 Through the application of chemical mutagens we have succeeded in changing 
the ratio of vegetative and generative organs biomass to the total biomass (Table 2). 
In this way we contributed to solving some significant problems of sunflower 
breeding. 
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Table 1. Performance of new sunflower mutants in advance trials  
 

Mutant, hybrid Vegetation 
period (days) 

Plant height 
(cm) 

Seed yield 
(t/ha) 

Oil content 
(%) 

M-1925   62 140 2.39 51.5 
M-1927   70 121 3.08 51.8 
Cargil 187 114 133 3.60 49.0 
Cargil 207 114 175 3.82 49.2 
Zemundo 1213 117 196 4.45 48.9 
Yubileiny 60 124 213 3.65 53.6 
Rodnick (st)   82 149 3.38 52.0 
LSD 0.05     0.28    1.2 
 
 
Table 2. The ratio of vegetative and generative organs biomass to the total biomass 

(dry matter content) 
 

Mutant, variety Seeds Stalk Leaf Calathide Leaf petiole 
M-1927 35.8 29.3 15.6 16.2 0.0 
M-1991 39.0 30.8 16.7 13.5 0.0 
Rodnick (st) 29.2 31.6 12.2 23.5 3.5 
 
 
(Contributed by KALAIJUN, A.A.,  Seed Company “Mutant”, Krasnodar, Russia) 
 

 
MODIFICATION OF A RAPID SCREENING METHOD OF RICE MUTANTS FOR NaCl 

TOLERANCE USING LIQUID NUTRIENT CULTURE 
 

The isolation or identification of mutants requires an efficient screening 
method.  The screening technique must be reliable and able to evaluate large 
amounts of mutated material.  Salinity screening under field conditions is often 
inaccurate and difficult due to strong environmental effects.  The screening method 
developed by the International Rice Research Institute (IRRI) for selecting salt 
tolerance at the seedling stage was evaluated in the greenhouse of the FAO/IAEA 
Laboratory, Seibersdorf, Austria. 

The set-up developed at IRRI includes styrofoam floats (36.5 x 26.5 cm) 
having 100 circular holes (10 x 10 milimeters) and a nylon net bottom, placed on 
top of a rectangular 18 litre plastic tray. However, the set-up with styrofoam can be 
washed only a few times, is not very stable and can screen only a limited number of 
seedlings. After 2-3 times of use, the seedling float becomes contaminated with 
algae and needs to be replaced. 

Modifications were done to make this screening method applicable to evaluate 
a large mutated plant population. The set-up includes PVC (polyvinylchloride) 
plates (56 x 36 cm) with 24 rectangular holes (6 x 7 cm) and a nylon net bottom, 
placed on top of  a rectangular 25 litre plastic tray. The plastic seedling plate can be 
used unlimited times and is easy to handle. It is washable with any detergent and 
even with a hard brush to remove algae or other contamination. The plastic plate is 
hard and stable and it can carry heavy weight. It can accommodate more than 30 
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seedlings per hole (total of more than 700 seedlings) as compared to 1-2 seedlings 
per hole with the old set-up (total of 100-200 plants).  

Using the modified set nine different varieties of known levels of tolerance 
(Susceptible: 'IR29', 'PP2462-11', 'Taipei 309' and 'Wagwag'; Moderate: 'IR58430-
6B-14-1-2', 'IR51500-AC-11-1' and 'IR63731-1-1-4-3-2' and Tolerant: 'Nona Bokra' 
and 'Pokkali') (Table 1) were tested in five different salinity levels (electrical 
conductivity - EC 2, 6, 8, 10 and 12 dS/m) to determine the optimum salinity level 
and best time for scoring injury symptoms. Seeds were pre-germinated for two days 
then sown on the seedling plate on the tray filled with distilled water.  Salinity was 
introduced after three days by adding NaCl to the nutrient solution described by 
Yoshida et al. [2] up to the desired EC.  The pH was maintained daily at 5.5 by 
adding 1N of NaOH or HCl. 

Salinity injury rating was based on visual symptoms (1- tolerant and 9 - 
sensitive) at seedling stage, according to the modified Standard Evaluation System 
of IRRI Gregorio et al (1997). Salinity injury was scored four times: 5, 7, 9 and 12 
days after salinization. The screening was done in the greenhouse with day/night 
temperatures of 30/20 0C and relative humidity of at least 50% during the day.  The 
experiments were repeated three times using ten seedlings of each variety per 
replication. 

Salinity tests of EC 6 dS/m showed very low salt injury even after 12 days.  
The varietal differences, were observed 9 days after salinization at EC 8 dS/m. The 
sensitive check IR 29 had an average score of 6.6 which could be classified as 
moderate. 

At EC 10 dS/m and 12 days after salinization, a clear distinction of the three 
categories (tolerant, moderate and susceptible) of the varieties tested was 
established. Results showed that the optimum salinity level for screening rice in the 
greenhouse of the FAO/IAEA Laboratory, Seibersdorf, should be EC 10 dS/m and 
that visual symptom scoring be done starting 12 days after salinization. 

Most varieties were severely injured at EC 12 dS/m within 10 days of salinity 
stress, except the two tolerant checks Pokkali and Nona Bokra. After 20 days at this 
salinity level, all varieties had died, including the tolerant varieties.  Thus EC 12 
dS/m was too high for isolating the moderately tolerant lines. 

Our results, using plastic plates, were similar and confirm the results obtained 
at IRRI using styrofoam floats. Moreover, our method offers the screening of large 
numbers of seedlings in a short time and it is cheap in the long run.  Presently this 
technique is being used for screening advanced mutated populations of rice for 
selection of mutants at the seedling stage. This technology is being transferred to 
National Programmes in FAO/IAEA Member States through scientists participating 
in our training programme. 

 
Note: 10 dS/m is approximately 6.4 gm/l NaCl. 
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Table 1. Rating of different rice varieties at various salinity levels and time of 
rating using the Standard Evaluation System of IRRI (1= no symptoms, 9 = 
dead seedlings) 

  
Variety 
 

Days after 
salinization 

Salinity levels (dS/m) 
 

 

   2  6  8  10  12 
IR 29   5  1.2* 2.3 3.1 3.6 4.7 
susceptible   7  1.5 4.3 5.6 5.7 7.8 

   9  1.6 5.8 6.6 6.9 8.5 
 12 1.6 7.3 7.7 7.8 9.0 

       Wagwag   5  1.1 2.3 2.3 2.8 3.3 
susceptible   7  1.2 3.0 3.9 4.2 6.0 

   9  1.4 3.9 4.7 5.3 7.9 
 12 1.4 5.0 7.1 7.3 8.9 

       Taipei 309   5  1.0 1.2 1.8 3.0 3.6 
susceptible   7  1.0 1.7 5.2 5.3 6.3 

   9 1.0 2.3 7.2 7.5 8.0 
 12 1.0 3.4 7.5 9.0 9.0 

       PP2462-11   5 1.0 1.1 1.3 1.8 3.0 
susceptible   7 1.0 1.2 1.8 2.3 4.4 

   9 1.0 1.3 3.1 3.2 5.6 
 12 1.0 2.4 3.9 4.3 7.9 

       IR58430-6B-14-1-2   5 1.0 1.0 1.0 1.5 1.5 
moderate   7 1.0 1.2 2.2 2.4 3.5 

   9 1.0 1.8 3.3 3.4 4.9 
 12 1.0 2.4 4.1 5.0 6.6 

       IR51500-AC11-1   5 1.0 1.8 2.5 2.8 4.5 
moderate   7 1.0 3.3 3.4 3.6 5.7 

   9 1.3 4.0 4.2 4.5 7.3 
 12 1.6 4.4 5.6 5.8 8.4 

       IR63731-1-1-4-3-2   5 1.0 1.0 1.5 1.6 1.9 
moderate   7 1.0 1.7 2.2 2.6 3.4 

   9 1.0 1.7 2.4 3.2 4.4 
 12 1.0 2.7 4.0 4.4 5.3 

       Nona Bokra   5 1.0 1.0 1.0 1.0 1.4 
tolerant   7 1.0 1.1 1.6 1.9 2.3 

   9 1.0 1.2 1.8 2.2 3.2 
 12 1.0 1.6 2.5 3.0 3.8 

       Pokkali   5 1.0 1.0 1.2 1.2 1.4 
tolerant   7 1.0 1.3 1.5 1.8 2.2 

   9 1.0 1.5 1.8 2.1 3.4 
 12 1.0 1.6 2.5 2.8 3.7 
             *Average score from 30 seedlings 
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HIGH FREQUENCY OF MUTATIONS AFTER MUTAGENIC TREATMENT OF 
BARLEY SEEDS WITH NaN3 AND MNH WITH APPLICATION OF INTER-INCUBATION 

GERMINATION PERIOD 
 

N-methyl-N-nitrosourea (MNH) and sodium azide (NaN3) belong to the most 
potent chemical mutagenic agents.  The high mutagenic effect of MNH can be 
significantly increased by application of 5-32 hours of germination prior to the 
treatment of pre-soaked seeds [1], and even further, by application of double 
treatment with inter-incubation germination period (iig) between them [2].  

Sodium azide, a respiration inhibitor is metabolized in vivo to a powerful 
chemical mutagen in many plant species, including barley, rice, maize and soybean 
[3]. The mutagenic effect of sodium azide greatly depends on the pH of treatment 
solutions and similar to the MNH, can be further increased by pre-germination of 
barley seeds prior to NaN3 treatment [4].  In the experiments presented below the 
efficiency of single, double and combined treatment of sodium azide and MNH in 
barley was compared.  Seeds of barley variety 'Aramir' were pre-soaked in distilled 
water for 8 hours and mutagenically treated either with MNH or sodium azide for 3 
hours.  Sodium azide treatment was carried out in a phosphate buffer at pH = 3.  In 
combinations with double treatment, seeds after the first treatment, were rinsed 
several times in tap water and germinated on trays with filter paper for 6 hours 
before a second 3 hour treatment with mutagen. 

The highest frequency of chlorophyll mutations was observed after combined 
treatment with 1.5 mM NaN3 followed by 0.7 mM MNH with 6 hour inter-
incubation germination period between treatments (Tab. 1). In this combination 
6.4% of chlorophyll mutations in M2 was obtained, with a fertility reduction of M1 
plants lower than after the double treatment with MNH. 

Similarly, a very high frequency of point mutations was observed for other 
barley genotypes after combined treatment with NaN3 and MNH.  On an average, 
5.6% chlorophyll seedlings were found in M2 derived from this treatment for 6 
barley varieties tested and about 30-50% of M1 plants carried a chlorophyll mutation 
(Tab. 2).  It should be noted that the reduction of M1 plant fertility did not exceed 
55%, which makes this combination a very efficient treatment for induction of point 
mutations in barley. It was proven that the combined treatment of NaN3 and MNH 
yielded a wide spectrum of gene mutations in many barley genotypes, including 
dwarf and semi-dwarf characters, changes in root system development and structure. 
Also, mutants with an increased level of tolerance to Al+3 toxicity were selected [5] 
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and high frequency of DH barley mutants were obtained using this procedure and 
anther culture [6]. 

 
Table 1. Mutagenic effect of single, double and combined treatments with MNH 

and sodium azide applied on barley seeds variety 'Aramir' 
 

Treatment M1 
seedlings 

emergence 
reduction 

(%) 

M1 plant 
height 

reduction 
(%) 

M1 plant  
fertility 

reduction 
(%) 

M2 

seedlings 
tested 

(No.) 

M2 
chlorophyll 

mutants 
(%) 

0.7 mM MNH 27.9 9.1 29.2 5083 1.5 
0.7 mM MNH - 6h 
  iig - 0.7 mM MNH 

27.6 27.2 84.5 4501 4.0 

.12 
0.75 mM Na N3  

17.3 4.2 48.5 4732 3.8 

0.75 mM NaN3 - 6h 
  iig - 0.75 mM Na N3 

32.5 4.7 48.8 4677 4.2 

0.75 mM NaN3 - 6h  
  iig- 0.7 mM MNH 

18.9 6.0 62.4 3932 4.5 

1.0mM NaN3 - 6h 
  iig - 0.7 mM MNH 

22.6 12.4 76.7 4427 6.4 

 
The following protocol can be recommended as a highly efficient method of 

mutagenic treatment in barley: 
• pre-soaking of seeds in distilled water - 8h 
• treatment with 1.5 mM sodium azide (pH=3, phosphate buffer) - 3h 
• inter-incubation germination period (seeds on trays with wet filter paper) - 6h 
• treatment with 0.7 mM N-methyl-N-nitrosourea (MNH) - 3h. 
 
Table 2. The frequency of chlorophyll mutations after combined treatment of NaN3 

and MNH in different barley varieties 
 
Genotype M1 plants 

tested (No.) 
M1 plants 
carrying 

chlorophyll 
mutations (%) 

M2 
seedlings 

tested (No.) 

M2 chlorophyll 
mutants (%) 

Apex      710 51.0    14,195  6.3 
Bielik      732 47.0    11,102 5.4 
Dema    3220 35.0    43,673 5.2 
Grosso      980 28.6      9,219 5.3 
Lot      740 52.0    14,001 6.3 
Rudzik    1617 39.0      9,457 5.0 
average  42.0  5.6 
 
 
 
 



30 

REFERENCES 
 

[1] Maluszynski, M. and J. Maluszynska, 1977. Increasing the mutagenic efficiency of 
MNUA and MH on treatment of barley seeds at different stages of germination. 
Acta Biologica.  4: 37-50. 

[2] Maluszynska, J. and M. Maluszynski, 1983. MNUA and MH mutagenic effect after 
double treatment of barley seeds in different germination periods. Acta Biologica. 
11: 238-248. 

[3] Owais, W. M. and A. Kleinhofs, 1988. Metabolic activation of the mutagen azide in 
biological systems. Mutat.Res. 197: 313-323. 

[4] Kleinhofs, A., C. Sander, R. A. Nilan, and C. F. Konzak, 1974.  Azide mutagenicity - 
mechanism and nature of mutants produced. In: Polyploidy and Induced Mutations 
in Plant Breeding.  IAEA, Vienna. pp.195-199. 

[5] Nawrot, M., M. Maluszynski, and I. Szarejko, 1997. Selection for aluminum tolerant 
mutants in barley (Hordeum vulgare L.). MBNL. 43: 17-18. 

[6] Szarejko, I., J. Guzy, J. Jimenez Davalos, A. Roland Chavez, and M. Maluszynski, 
1995.  Production of mutants using barley DH systems. In: Induced Mutations and 
Molecular Techniques for Crop Improvement.  IAEA, Vienna. pp.517-530. 

 
 
(Contributed by SZAREJKO, I. and M. MALUSZYNSKI*, Department of Genetics, 
University of Silesia, Jagiellonska 28, 40-032 Katowice, Poland, Email: 
szarejko@us.edu.pl; *Plant Breeding and Genetics Section, Joint FAO/IAEA Division, A-
1400 Vienna, Austria - Email: m.maluszynski@iaea.org) 



 

 
L

IS
T

 O
F

 N
E

W
 M

U
T

A
N

T
 C

U
L

T
IV

A
R

S 

 
T

he
 P

la
nt

 B
re

ed
in

g 
an

d 
G

en
et

ic
s 

Se
ct

io
n 

of
 t

he
 J

oi
nt

 F
A

O
/I

A
E

A
 D

iv
is

io
n 

un
de

rt
ak

es
 t

he
 c

ol
le

ct
io

n 
an

d 
di

ss
em

in
at

io
n 

of
 i

nf
or

m
at

io
n 

on
 

co
m

m
er

ci
al

ly
 u

se
d 

ag
ri

cu
lt

ur
al

 a
nd

 h
or

ti
cu

lt
ur

al
 c

ul
ti

va
rs

 d
ev

el
op

ed
 t

hr
ou

gh
 t

he
 u

ti
li

za
ti

on
 o

f 
in

du
ce

d 
m

ut
at

io
ns

. 
 

T
hi

s 
li

st
 d

oe
s 

no
t 

cl
ai

m
 t

o 
be

 c
om

pp
re

he
ns

iv
e.

  I
ts

 c
on

te
nt

 i
s 

st
ri

ct
ly

 b
as

ed
 o

n 
in

fo
rm

at
io

n 
tr

an
sm

it
te

d 
by

 b
re

ed
er

s 
th

em
se

lv
es

 a
nd

/o
r 

ot
he

r 
in

st
it

ut
io

ns
 i

nv
ol

ve
d.

  L
is

ti
ng

 o
f 

a 
cu

lt
iv

ar
 d

oe
s 

no
t 

im
pl

y 
it

s 
re

co
m

m
en

da
ti

on
 b

y 
FA

O
/I

A
E

A
. 

 N
am

e 
of

 c
ul

ti
va

r 
C

ou
nt

ry
 a

nd
 d

at
e 

of
 r

el
ea

se
 

M
ut

ag
en

ic
 t

re
at

m
en

t 
M

ai
n 

ch
ar

ac
te

r 
 

 
(o

r 
ap

pr
ov

al
) 

[p
ar

en
t 

va
ri

et
y]

 
im

pr
ov

ed
 

 
N

am
e 

of
 p

ri
nc

ip
al

 w
or

ke
r(

s)
 

or
 c

ro
ss

 w
it

h 
m

ut
an

t 
 

 
an

d 
in

st
it

ut
e 

or
 w

it
h 

m
ut

an
t 

de
ri

ve
d 

va
ri

et
y  

 

 A
gr

op
yr

on
 c

ri
st

at
um

 L
. G

ae
rt

ne
r 

(c
re

st
ed

 w
he

at
gr

as
s)

 

 
 

C
D

-I
I 

U
SA

, 1
99

6 
cr

os
s 

vi
go

ur
 

 
A

sa
y,

 K
. 

Fo
ra

ge
 &

 R
an

ge
 R

es
. L

ab
. 

co
lc

hi
ci

ne
 i

nd
uc

ed
 t

et
ra

pl
oi

d 
fr

om
 

'H
Y

C
R

E
ST

' x
 n

at
ur

al
 t

et
ra

pl
oi

d 
 

 
U

ta
h 

St
at

e 
U

ni
v.

 
 

 
 

L
og

an
, U

T
 8

43
22

-6
30

0 
 

 

A
ra

ch
is

 h
yp

og
ae

a 
L

. 
 

(g
ro

un
dn

ut
) 

 
 

81
30

 
C

hi
na

, 1
98

8 
cr

os
s 

se
ed

 q
ua

li
ty

 
 

Q
iu

 Q
in

gs
hu

 e
t 

al
.  

SP
R

I,
 L

ai
xi

, S
ha

nd
on

g 
26

66
01

 
F 1

 (L
uh

ua
 4

 x
 R

P1
) 

x 
R

P1
 (

tr
ea

te
d 

w
it

h 
ga

m
m

a 
ra

ys
, 2

50
 G

y)
 

yi
el

d 

H
ua

yu
 1

6 
C

hi
na

, 1
99

6 
cr

os
s 

yi
el

d 
 

Q
iu

 Q
in

gs
hu

 e
t 

al
. 

 
se

ed
 q

ua
li

ty
 

 
SP

R
I,

 L
ai

xi
, S

ha
nd

on
g 

26
66

01
 

 
 

L
uh

ua
 1

3 
C

hi
na

, 1
99

1 
cr

os
s 

yi
el

d 
 

Q
iu

 Q
in

gs
hu

 e
t 

al
. 

SP
R

I,
 L

ai
xi

, S
ha

nd
on

g 
26

66
01

 
[F

1(
C

ha
ng

da
 6

 x
 M

A
 1

43
) 

x 
B

ai
sh

a 
10

16
] 

x 
L

uh
ua

 6
 

se
ed

 s
iz

e 

L
uh

ua
 1

5 
C

hi
na

, 1
99

4 
cr

os
s 

se
ed

 q
ua

li
ty

 
 

Q
iu

 Q
in

gs
hu

 e
t 

al
. 

SP
R

I,
 L

ai
xi

, S
ha

nd
on

g 
26

66
01

 
F 2

(7
89

6 
x 

R
un

ne
r)

 x
 I

rr
ad

ia
te

d 
R

un
ne

r 
(2

50
 G

y 
ga

m
m

a 
ra

ys
) 

ea
rl

in
es

s 



 

T
G

-2
2 

In
di

a,
 1

99
4 

cr
os

s 
yi

el
d 

 
M

ou
li

, C
ha

nd
ra

, B
A

R
C

, N
A

B
D

 
R

ob
ou

t-
33

-1
 x

 T
G

-1
7  

 
 

T
ro

m
ba

y,
 M

um
ba

i 
 

 

T
G

-2
6 

In
di

a,
 1

99
6 

cr
os

s 
yi

el
d 

 
M

ou
li

, C
ha

nd
ra

 e
t 

al
. 

c/
o 

B
A

R
C

-N
A

B
D

 
JL

-2
4 

(g
am

m
a 

ra
ys

, 1
98

3)
 x

T
G

-2
3 

(T
G

S-
2 

x 
 

se
m

i-
dw

ar
fn

es
s 

 
T

ro
m

ba
y,

 M
um

ba
i 

T
G

-1
(x

-r
ay

s,
 1

95
8)

) 
 

T
K

G
-1

9A
 

In
di

a,
 1

99
6 

cr
os

s 
se

ed
 s

iz
e 

 
M

ou
li

, C
ha

nd
ra

 
T

G
-1

7 
x 

T
G

-1
 

 
 

B
A

R
C

 
 

 
 

N
uc

l.
 A

gr
. B

io
t.

 D
iv

 
 

 
 

T
ro

m
ba

y,
 M

um
ba

i 
 

 

 
 

 
 

A
ve

na
 s

at
iv

a 
L

. 
(o

at
) 

 
 

B
ay

 
U

SA
, 1

99
5 

cr
os

s 
di

se
as

e 
re

si
st

an
ce

 
 

Fo
rs

be
rg

, K
äp

pl
er

, D
ür

st
 

D
ep

t.
 o

f 
A

gr
on

om
y 

H
az

el
/6

/H
ol

de
n/

 I
rr

. 4
 (

th
N

 
ir

ra
di

at
ed

)/
G

ar
la

nd
/2

/ 
 

yi
el

d 

 
U

ni
v.

 o
f 

W
is

co
ns

in
 

M
ad

is
on

 
6x

 a
m

ph
ip

lo
id

/2
C

Ia
v 

69
36

/3
/G

ar
la

nd
/5

/N
ob

le
 

 

B
el

le
 

U
SA

, 1
99

5 
cr

os
s 

di
se

as
e 

re
si

st
an

ce
 

 
Fo

rs
be

rg
, K

äp
pl

er
, D

ür
st

 
D

on
/7

/A
sc

en
sa

o/
Fa

ye
tt

e/
4/

C
li

nt
la

nd
/3

/G
ar

la
nd

/ 
lo

dg
in

g 
re

si
st

an
ce

 

 
U

ni
v.

 o
f 

W
is

co
ns

in
 

M
ad

is
on

 
H

aw
ke

ye
/ 

Ir
r.

 4
 (

th
N

 
ir

ra
di

at
ed

/V
ic

to
ri

a/
5/

G
oo

df
ie

ld
) 

 

yi
el

d 

G
em

 
U

SA
, 1

99
6 

cr
os

s 
di

se
as

e 
re

si
st

an
ce

 
 

Fo
rs

be
rg

, K
äp

pl
er

, D
ür

st
 

D
ep

t.
 o

f 
A

gr
on

om
y 

M
O

 0
76

8/
6/

H
ol

de
n/

 I
rr

. 4
 (

th
N

 
ir

ra
di

at
ed

)/
G

ar
la

nd
/2

/ 
 

yi
el

d 

 
U

ni
v.

 o
f 

W
is

co
ns

in
 

6x
 a

m
ph

ip
lo

id
/s

*C
ia

v 
69

36
/3

/G
ar

la
nd

/5
/F

ro
ke

r/
. 

 

 
 

 
 



 

N
am

e 
of

 c
ul

ti
va

r 
C

ou
nt

ry
 a

nd
 d

at
e 

of
 r

el
ea

se
 

M
ut

ag
en

ic
 t

re
at

m
en

t 
M

ai
n 

ch
ar

ac
te

r 
 

 
(o

r 
ap

pr
ov

al
) 

[p
ar

en
t 

va
ri

et
y]

 
im

pr
ov

ed
 

 
N

am
e 

of
 p

ri
nc

ip
al

 w
or

ke
r(

s)
 

or
 c

ro
ss

 w
it

h 
m

ut
an

t 
 

 
an

d 
in

st
it

ut
e 

or
 w

it
h 

m
ut

an
t 

de
ri

ve
d 

va
ri

et
y  

 

 B
ra

ss
ic

a 
na

pu
s 

L
. 

 (r
ap

es
ee

d)
 

 
 

A
ba

si
n-

95
 

Pa
ki

st
an

, 1
99

5 
ga

m
m

a 
ra

ys
, 1

40
0 

G
y 

ea
rl

in
es

s 
 

Sy
ed

 A
nw

ar
 S

ha
h 

[T
ow

er
] 

yi
el

d 
 

PA
E

C
-N

IF
A

, P
.O

. B
ox

 4
46

, P
es

ha
w

ar
 

 
ad

ap
ta

bi
li

ty
 

B
in

as
ha

ri
sh

a-
3 

B
an

gl
ad

es
h,

 1
99

7 
ga

m
m

a 
ra

ys
, 8

00
 G

y 
oi

l 
co

nt
en

t 
 

R
ah

m
an

, A
., 

D
as

, M
.L

. 
 

ea
rl

in
es

s 
 

B
IN

A
, P

.O
.B

ox
 4

, M
ym

en
si

ng
h 

 
 

B
in

as
ha

ri
sh

a-
4 

B
an

gl
ad

es
h,

 1
99

7 
ga

m
m

a 
ra

ys
, 8

00
 G

y 
oi

l 
co

nt
en

t 
 

R
ah

m
an

, A
., 

D
as

, M
.L

. 
 

ea
rl

in
es

s 
 

B
IN

A
, P

.O
.B

ox
 4

, M
ym

en
si

ng
h 

 
 

 

C
ap

si
cu

m
 a

nn
uu

m
 L

. 
(p

ep
pe

r)
 

 
 

G
or

no
or

ia
ho

vs
ka

 k
ap

ia
 

B
ul

ga
ri

a,
 1

99
7 

cr
os

s 
ea

rl
in

es
s 

 
T

.C
hr

is
to

v,
 S

.D
as

ka
lo

v 
et

 a
l.

 
V

eg
et

ab
le

 R
es

ea
rc

h 
St

at
io

n 
Z

la
te

n 
m

ed
al

 m
s-

8 
(g

am
m

a 
ra

ys
,1

35
 G

y-
19

73
) 

x 
 

yi
el

d 

 
G

. O
ri

ah
ov

it
za

 
G

O
-2

01
B

 
 

 
In

st
it

ut
e 

of
 G

en
et

ic
s 

 
 

 C
hr

ys
an

th
em

um
 s

p.
 

(c
hr

ys
an

th
em

u
m

) 
 

 
R

ak
ti

m
a 

In
di

a,
 1

99
8 

ga
m

m
a 

ra
ys

 
fl

ow
er

 c
ol

ou
r 

 
D

at
ta

, S
.K

. J
ug

ra
n,

 H
.M

. 
[S

hy
am

al
] 

 
R

ep
in

 R
os

a 
B

ra
zi

l,
 1

99
6 

ga
m

m
a 

ra
ys

, 8
 G

y 
fl

ow
er

 c
ol

ou
r 

 
L

at
ad

o,
 R

. 
 

 
 

R
ad

io
ge

ne
ti

cs
 S

ec
ti

on
 

 
 

 
C

E
N

A
-U

SP
 

 
 

 
C

ai
xa

 P
os

ta
l 

96
 

 
 

 
 

 
 



 

C
ic

er
 a

ri
et

in
um

 L
. 

(c
hi

ck
pe

a)
 

N
IF

A
-9

5 
Pa

ki
st

an
, 1

99
5 

ga
m

m
a 

ra
ys

, 2
00

 G
y 

bl
ig

ht
 r

es
is

ta
nc

e 
 

PA
E

C
-N

IF
A

, P
es

ha
w

ar
 

[l
in

e 
61

51
] 

 

C
it

ru
s 

li
m

on
 L

. B
ur

m
. 

(l
em

on
) 

 
 

E
ur

ek
a 

22
 I

N
T

A
 

A
rg

en
ti

na
, 1

98
7 

x-
ra

ys
, 1

0 
G

y 
fr

ui
t 

se
t 

 
Z

ub
rz

yc
ki

, H
. 

[F
ro

st
 E

ur
ek

a]
 

fr
ui

t 
qu

al
it

y 
 

IN
T

A
-B

el
la

 V
is

ta
, C

C
.#

5,
C

ol
 3

 d
e 

A
br

il
 

 
 

 
34

32
 B

el
la

 V
is

ta
 

 
 

 C
it

ru
s 

si
ne

ns
is

 L
. O

sb
ec

k 
 (o

ra
ng

e)
 

 
 

V
al

en
ci

a 
2 

IN
T

A
 

A
rg

en
ti

na
, 1

98
7 

x-
ra

ys
, 2

0 
G

y 
fr

ui
t 

se
t 

 
Z

ub
rz

yc
ki

, H
. 

[V
al

en
ci

a 
L

at
e]

 
fr

ui
t 

qu
al

it
y 

 
IN

T
A

-B
el

la
 V

is
ta

, C
C

.#
5,

C
ol

 3
 d

e 
A

br
il

 
 

 
 

34
32

 B
el

la
 V

is
ta

 
 

 
 C

or
ch

or
us

 c
ap

su
la

ri
s 

L
. 

(j
ut

e)
 

 
 

B
in

ad
es

hi
pa

t-
2 

B
an

gl
ad

es
h,

 1
99

7 
N

aN
3,

 1
2m

M
 

fi
br

e 
yi

el
d 

 
Sa

ha
, C

.S
. 

[C
V

L
-1

] 
 

 
B

IN
A

, P
.O

. B
ox

 4
, M

ym
en

si
ng

h 
 

 

 C
yn

od
on

 s
p.

 

 (b
er

m
ud

a 
gr

as
s)

 
 

 

T
if

t 
94

 
U

SA
, 1

99
5 

ga
m

m
a 

ra
ys

, 8
0 

G
y 

le
af

 q
ua

li
ty

 
 

H
an

na
, W

.W
. 

[M
id

ir
on

] 
in

se
ct

 r
es

is
ta

nc
e 

 
U

ni
ve

rs
it

y 
of

 G
eo

rg
ia

 
 

 
 

D
ep

t.
of

 C
ro

p&
So

il
 S

c 
 

 
 

G
ri

ff
in

,G
A

 3
02

23
17

97
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



 

N
am

e 
of

 c
ul

ti
va

r 
C

ou
nt

ry
 a

nd
 d

at
e 

of
 r

el
ea

se
 

M
ut

ag
en

ic
 t

re
at

m
en

t 
M

ai
n 

ch
ar

ac
te

r 
 

 
(o

r 
ap

pr
ov

al
) 

[p
ar

en
t 

va
ri

et
y]

 
im

pr
ov

ed
 

 
N

am
e 

of
 p

ri
nc

ip
al

 w
or

ke
r(

s)
 

or
 c

ro
ss

 w
it

h 
m

ut
an

t 
 

 
an

d 
in

st
it

ut
e 

or
 w

it
h 

m
ut

an
t 

de
ri

ve
d 

va
ri

et
y  

 

 E
re

m
oc

hl
oa

 o
ph

ui
ro

id
es

 
H

ac
k 

 (c
en

ti
pe

de
gr

as
s)

 

 
 

T
if

bl
ai

r 
U

SA
, 1

99
5 

ga
m

m
a 

ra
ys

, 1
20

 G
y 

vi
go

ur
 

 
H

an
na

, W
.W

. 
 

qu
al

it
y 

 
U

ni
ve

rs
it

y 
of

 G
eo

rg
ia

 
 

 
 

D
ep

t.
of

 C
ro

p&
So

il
 S

c 
 

 
 

G
ri

ff
in

,G
A

 3
02

23
17

97
 

 
 

E
us

to
m

a 
gr

an
di

fl
or

um
 

(e
us

to
m

a)
 

 
 

Pu
rp

le
 F

an
ta

sy
 

Ja
pa

n,
 1

99
6 

ga
m

m
a 

ra
ys

 c
hr

on
ic

, 0
.2

5 
- 

1.
5 

G
y 

fl
ow

er
 s

iz
e 

 
N

ag
at

om
i,

 S
. 

[P
as

te
l 

M
ur

as
ak

i]
 

 
 

In
st

.o
f 

R
ad

ia
ti

on
 B

re
ed

. 
 

 
 

N
IA

R
-M

A
A

F 
 

 
 

O
hm

iy
a-

m
ac

hi
,I

ba
ra

ki
 

 
 

Pu
rp

le
 R

ob
in

 
Ja

pa
n,

 1
99

6 
ga

m
m

a 
ra

ys
 c

hr
on

ic
, 0

.2
5 

- 
1.

5 
G

y 
fl

ow
er

 c
ol

ou
r 

 
N

ag
at

om
i,

 S
 

[P
as

te
l 

M
ur

as
ak

i]
 

fl
ow

er
 s

iz
e 

 
In

st
.o

f 
R

ad
ia

ti
on

 B
re

ed
. 

 
 

 
N

IA
R

-M
A

A
F 

 
 

 
O

hm
iy

a-
m

ac
hi

,I
ba

ra
ki

 
 

 

R
ed

 R
ob

in
 

Ja
pa

n,
 1

99
6 

ga
m

m
a 

ra
ys

 c
hr

on
ic

, 0
.2

5 
- 

1.
5 

G
y 

fl
ow

er
 s

iz
e 

 
N

ag
at

om
i,

 S
. 

[M
or

ge
n 

R
ot

] 
fl

ow
er

 c
ol

ou
r 

 
In

st
.o

f 
R

ad
ia

ti
on

 B
re

ed
. 

 
 

 
N

IA
R

-M
A

A
F 

 
 

 
O

hm
iy

a-
m

ac
hi

,I
ba

ra
ki

 
 

 

G
ly

ci
ne

 m
ax

 L
. 

(s
oy

be
an

) 
 

 
H

ei
no

ng
 3

4 
C

hi
na

, 1
98

8 
cr

os
s 

yi
el

d 
 

W
. W

an
g 

 
H

ei
no

ng
 1

6  
x 

T
ok

ac
hi

no
ga

ha
 

pr
ot

ei
n 

co
nt

en
t 



 

 
So

yb
ea

n 
In

st
it

ut
e 

 
 

 
H

A
A

S 
 

 

H
ei

no
ng

 3
5 

C
hi

na
, 1

99
0 

cr
os

s 
yi

el
d 

 
W

. W
an

g 
 

H
ei

no
ng

 1
6 

x 
T

ok
ac

hi
no

ga
ha

 
pr

ot
ei

n 
co

nt
en

t 
 

So
yb

ea
n 

In
st

it
ut

e 
 

 
 

H
A

A
S,

 H
ei

lo
ng

ji
an

g 
 

 

H
ei

no
ng

 4
1 

C
hi

na
, 1

99
7 

cr
os

s 
se

ed
 s

iz
e 

 
W

. W
an

g 
 

So
yb

ea
n 

In
st

it
ut

e 
H

a-
C

o7
3-

89
55

 (
ga

m
m

a 
ra

ys
 i

nd
uc

ed
 

m
ut

an
t 

of
 F

en
gs

ha
n)

 x
 H

a9
0-

98
25

 
pr

ot
ei

n 
co

nt
en

t 

 
H

A
A

S,
 H

ei
lo

ng
ji

an
g 

 (
th

N
 i

nd
uc

ed
 m

ut
an

t)
 

di
se

as
e 

re
si

st
an

ce
 

M
-1

03
 

V
ie

tn
am

, 1
98

6 
ga

m
m

a 
ra

ys
, 5

0 
G

y 
an

d 
 E

I,
 0

.0
1%

 
yi

el
d 

 
T

ra
n 

D
in

h 
L

on
g 

 
lo

dg
in

g 
re

si
st

an
ce

 
 

V
ie

tn
am

 A
gr

. S
ci

. I
ns

t.
 

 
gr

ai
n 

qu
al

it
y 

 
T

ha
nh

 T
ri

, H
an

oi
 

 
 

Su
i 

N
on

g 
12

 
C

hi
na

, 1
99

6 
ga

m
m

a 
ra

ys
, 1

20
 G

y 
yi

el
d 

 
L

ui
 D

ec
ha

ng
, J

ia
n 

C
he

nx
i 

Su
ih

ua
 A

gr
ic

. R
es

. I
ns

ti
tu

te
 

[F
6 

(S
ui

ji
o 

83
-4

32
 x

 (
H

ei
he

 4
 x

 T
e 

76
04

))
] 

 

 
H

A
A

S,
 H

ei
lo

ng
ji

an
g 

 
 

 H
or

de
um

 v
ul

ga
re

 L
. 

 (b
ar

le
y)

 
 

 

A
kd

en
iz

 M
-Q

-5
4 

T
ur

ke
y,

 1
99

8 
ga

m
m

a 
ra

ys
, 1

50
 G

y 
dr

ou
gh

t 
to

le
ra

nc
e 

 
M

.I
. C

ag
ir

ga
n 

[Q
ua

nt
um

] 
co

ld
 t

ol
er

an
ce

 
 

A
kd

en
iz

 U
ni

ve
rs

it
y 

 
 

 
Z

ir
aa

t 
Fa

ku
lt

es
i 

 
 

 
P.

O
.B

ox
 5

10
, A

nt
al

ya
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

   

 
 

 



 

N
am

e 
of

 c
ul

ti
va

r 
C

ou
nt

ry
 a

nd
 d

at
e 

of
 r

el
ea

se
 

M
ut

ag
en

ic
 t

re
at

m
en

t 
M

ai
n 

ch
ar

ac
te

r 
 

 
(o

r 
ap

pr
ov

al
) 

[p
ar

en
t 

va
ri

et
y]

 
im

pr
ov

ed
 

 
N

am
e 

of
 p

ri
nc

ip
al

 w
or

ke
r(

s)
 

or
 c

ro
ss

 w
it

h 
m

ut
an

t 
 

 
an

d 
in

st
it

ut
e 

or
 w

it
h 

m
ut

an
t 

de
ri

ve
d 

va
ri

et
y  

 

 
 

 
 

K
or

m
ov

y 
U

kr
ai

ne
, 1

99
7 

E
I,

 0
.0

05
%

 
yi

el
d 

 
O

. Z
ay

at
s,

 M
. P

av
li

sh
in

 
 

 
 

In
st

. o
f 

A
gr

ic
. a

nd
 A

ni
m

al
 B

io
lo

gy
 

 
 

 
29

20
84

 O
br

os
hy

no
v 

 
 

 
Pu

st
om

yt
y 

di
st

ri
ct

, L
vi

v 
R

eg
io

 
 

 

K
os

m
os

 
Po

la
nd

, 1
97

7 
cr

os
s 

se
m

i-
dw

ar
fn

es
s 

 
Sl

ab
on

sk
i,

 A
. 

Pa
ll

as
 x

 F
ir

lb
ec

k 
U

ni
on

 
 

 H
um

ul
us

 l
up

ul
us

 L
. 

 (h
op

) 
 

 

Sa
nt

ia
m

 
U

SA
, 1

99
8 

cr
os

s 
oi

l 
qu

al
it

y 
 

J.
 H

en
ni

ng
 &

 A
. H

au
no

ld
 

U
SD

A
-A

R
S 

&
 T

SA
R

C
 

T
et

tn
an

ge
r 

x 
U

SD
A

 2
16

18
M

 
(=

H
al

le
rt

au
er

 m
it

te
lf

rü
h 

yi
el

d 

 
 

x 
U

SD
A

 2
13

81
M

) 
 

U
lt

ra
 

U
SA

, 1
99

5 
cr

os
s 

yi
el

d 
 

H
au

no
ld

, A
. 

O
re

go
n 

St
at

e 
U

ni
ve

rs
it

y 
H

al
le

rt
au

er
 m

it
te

lf
rü

h 
(c

ol
ch

ic
in

e 
in

du
ce

d 
te

tr
ap

lo
id

) 
x 

Sa
az

er
 (

di
pl

oi
d)

 
 

 
D

ep
t.

 C
ro

p&
So

il
 S

ci
. 

 
 

 
C

or
va

ll
is

, O
R

 
 

 
 L

en
s 

cu
li

na
ri

s 
M

ed
ik

. 
(l

en
ti

l)
 

 
 

M
ut

an
t 

17
 M

M
 

B
ul

ga
ri

a,
 1

99
9 

ga
m

m
a 

ra
ys

, 4
0 

G
y 

se
ed

 s
iz

e 
 

M
ih

o 
Il

ie
v 

M
ih

ov
 

 
po

d 
si

ze
 

 
In

st
. f

or
 w

he
at

 &
 s

un
fl

ow
er

 
 

 
 

D
ou

br
ou

dj
a 

 
 

 
G

en
. T

os
he

vo
 9

52
0 

 
 

 
 

 
 



 

L
in

um
 u

si
ta

ti
ss

im
um

 L
. 

(f
la

x)
 

L
in

ol
a 

98
9 

C
an

ad
a,

 1
99

6 
cr

os
s 

 
oi

l 
qu

al
it

y 
 

D
ri

bn
en

ki
, J

.C
.P

. 
U

ni
te

d 
G

ra
in

 G
ro

w
er

s 
L

td
. 

M
cG

re
go

r/
Z

er
o  

(m
ut

an
t f

ro
m

 
'G

le
ne

lg
')/

/C
PI

84
49

5/
3/

M
cG

re
go

r 
 

 

 
L

in
ol

a 
B

re
ed

in
g 

Pr
og

 
 

 
 

M
or

de
n,

 M
an

it
ob

a 
 

 

 M
an

ih
ot

 e
sc

ul
en

ta
 L

. 
C

ra
nt

z 

 (c
as

sa
va

) 

 
 

T
ek

ba
nk

ye
 

G
ha

na
, 1

99
7 

ga
m

m
a 

ra
ys

, 2
5 

G
y 

co
ok

in
g 

qu
al

it
y 

 
O

. S
af

o 
K

an
ta

nk
a 

[I
su

ni
ka

ki
ya

n]
 

vi
go

ur
 

 
D

ep
t.

 o
f 

C
ro

p 
Sc

ie
nc

e 
 

 
 

U
ni

v.
 o

f 
Sc

i 
&

 T
ec

h.
 K

um
as

i 
 

 
 

 
 

 

M
en

th
a 

ar
ve

ns
is

 L
. 

(p
ep

pe
rm

in
t)

 
 

 
T

N
-8

 
V

ie
tn

am
, 1

99
5 

ga
m

m
a 

ra
ys

 
oi

l 
qu

al
it

y 
 

Ph
an

 P
ha

i 
[N

V
-7

4]
 

di
se

as
e 

re
si

st
an

ce
 

 
 

 
pe

st
 r

es
is

ta
nc

e 
M

us
a 

sp
. 

(b
an

an
a)

 
 

 
N

ov
ar

ia
 

M
al

ay
si

a,
 1

99
3 

ga
m

m
a 

ra
ys

, 6
0 

G
y 

ea
rl

in
es

s 
 

F.
 N

ov
ak

 &
 C

. M
ak

 
[G

ra
nd

 N
ai

ne
] 

fr
ui

t 
qu

al
it

y 
 O

ry
za

 s
at

iv
a 

L
. 

(r
ic

e)
 

 
 

A
-2

01
 

U
SA

, 1
99

6 
cr

os
s 

se
m

i-
dw

ar
fn

es
s 

 
T

se
ng

, S
.T

., 
M

cK
en

zi
e,

 
C

C
R

R
F 

&
 C

A
E

S 
&

 U
SD

A
-A

R
S 

L
-2

02
/P

I 
45

79
20

//
L

-2
02

 (
PI

 4
57

92
0 

is
 a

 
se

m
i-

 d
w

ar
f 

m
ut

an
t 

fr
om

 'B
as

m
at

i 
37

0'
) 

 

 
B

ig
gs

, C
al

if
or

ni
a 

 
 

B
in

ad
ha

n 
6 

B
an

gl
ad

es
h,

 1
99

8 
ga

m
m

a 
ra

ys
, 3

00
 G

y 
yi

el
d 

 
B

IN
A

 
[F

2 
of

 (
Ir

at
om

 2
4 

x 
D

ul
ar

)]
 

 
 

P.
O

. B
ox

 4
, M

ym
en

si
ng

h 
 

  



 

N
am

e 
of

 c
ul

ti
va

r 
C

ou
nt

ry
 a

nd
 d

at
e 

of
 r

el
ea

se
 

M
ut

ag
en

ic
 t

re
at

m
en

t 
M

ai
n 

ch
ar

ac
te

r 
 

 
(o

r 
ap

pr
ov

al
) 

[p
ar

en
t 

va
ri

et
y]

 
im

pr
ov

ed
 

 
N

am
e 

of
 p

ri
nc

ip
al

 w
or

ke
r(

s)
 

or
 c

ro
ss

 w
it

h 
m

ut
an

t 
 

 
an

d 
in

st
it

ut
e 

or
 w

it
h 

m
ut

an
t 

de
ri

ve
d 

va
ri

et
y  

 
 

 
 

 

C
il

os
ar

i 
In

do
ne

si
a,

 1
99

6 
cr

os
s 

yi
el

d 
 

M
ug

io
no

 
N

at
. A

to
m

ic
 E

ne
rg

y 
A

ge
nc

y 
SM

 2
68

/P
sJ

 (
m

ut
an

t 
fr

om
 'S

er
at

us
 

M
al

am
i' 

(2
00

 G
y 

ga
m

m
a 

ra
ys

))
 x

 I
R

 3
6  

 

 
Ja

ka
rt

a 
 

 

IR
I 

30
7 

K
or

ea
, 1

97
0 

th
N

, 1
5 

x 
10

12
 

se
m

i-
dw

ar
fn

es
s 

 
K

A
E

R
I 

[P
al

kw
en

g]
 

 
 

 
 

 
K

ha
o 

Ja
o 

H
aw

m
 P

it
sa

nu
lo

k 
1 

T
ha

il
an

d,
 1

99
8 

cr
os

s 
 

 
R

ic
e 

R
es

 I
ns

ti
tu

te
 

cr
os

s 
w

it
h 

m
ut

an
t 

of
 L

eu
an

g 
aw

n 
 

 
 

C
ha

tu
ch

ak
 

(L
A

29
-7

3-
N

FU
-1

4-
3-

1-
1)

 
 

L
af

it
te

 
U

SA
, 1

99
5 

cr
os

s 
se

m
i-

dw
ar

fn
es

s 
 

L
in

ds
co

m
be

,J
od

ar
i,

B
ol

li
ch

 
M

er
cu

ry
/K

os
hi

hi
ka

ri
 

ea
rl

in
es

s 
 

L
SU

 -
 R

ic
e 

R
es

. S
tn

. 
 

 
 

P.
O

. B
ox

 1
42

9 
 

 
 

C
ro

w
le

y,
L

A
 7

05
27

14
29

 
 

 

O
lt

en
it

a 
R

om
an

ia
, 1

99
2 

ga
m

m
a 

ra
ys

, 3
50

 G
y 

lo
dg

in
g 

re
si

st
an

ce
 

 
A

li
on

te
, G

. 
[K

ra
sn

od
ar

 4
24

] 
ea

rl
in

es
s 

 
IC

C
PT

 R
es

ea
rc

h 
In

st
it

ut
e 

 
yi

el
d 

 
Fu

nd
ul

ea
, C

al
ar

as
i 

 
 

Pu
sa

-N
R

-5
50

-1
-2

 (
JD

-8
) 

In
di

a,
 1

99
7 

cr
os

s 
se

m
i-

dw
ar

fn
es

s 
 

IA
R

I 
D

ul
ar

 m
ut

an
t 

x 
N

-2
2 

m
ut

an
t 

yi
el

d 
 

N
ew

 D
el

hi
 

 
 

 Pu
sa

-N
R

-5
51

-4
-2

0 
(J

D
-6

) 
In

di
a,

 1
99

7 
cr

os
s 

se
m

i-
dw

ar
fn

es
s 

 
IA

R
I 

D
ul

ar
 m

ut
an

t 
x 

N
-2

2 
m

ut
an

t 
yi

el
d 

 
N

ew
 D

el
hi

 
 

 



 

Pu
sa

-N
R

-5
55

-2
8 

(J
D

-1
0)

 
In

di
a,

 1
99

7 
cr

os
s 

se
m

i-
dw

ar
fn

es
s 

 
IA

R
I 

D
ul

ar
 m

ut
an

t /
N

-2
2/

PN
R

 3
51

/M
ut

an
t 

17
 

yi
el

d 
 

N
ew

 D
el

hi
 

 
 

Pu
sa

-N
R

-5
55

-5
 (

JD
-3

) 
In

di
a,

 1
99

8 
cr

os
s 

yi
el

d 
 

IA
R

I 
D

ul
ar

 m
ut

an
t/

N
-2

2/
PN

R
 3

51
/M

ut
an

t 
17

 
 

 
N

ew
 D

el
hi

 
 

 

Pu
sa

-N
R

-5
71

 
In

di
a,

 1
99

0 
cr

os
s 

se
m

i-
dw

ar
fn

es
s 

 
IA

R
I 

N
ew

 D
el

hi
 

M
W

 1
0 

m
ut

an
t  

x 
PM

R
 3

51
 (

T
ai

na
n 

3 
m

ut
an

t/
 B

as
m

at
i 

37
0)

 
ea

rl
in

es
s 

S-
10

2 
U

SA
, 1

99
6 

cr
os

s 
ea

rl
in

es
s 

 
M

cK
en

zi
e,

 J
oh

ns
on

,  
C

al
pe

ar
l/

C
al

m
oc

hi
-1

01
//

C
al

pe
ar

l 
gl

ut
in

ou
s 

en
do

sp
er

m
  

 
C

al
if

or
ni

a 
C

oo
p.

R
ic

e 
R

es
ea

rc
h 

Fo
un

da
ti

on
 

 
 

 
B

ig
gs

, C
a 

95
91

7 
 

 

V
N

D
95

-2
6 

V
ie

tn
am

, 1
99

5 
ga

m
m

a 
ra

ys
, 2

00
 G

y 
ea

rl
in

es
s 

 
T

hi
nh

, D
.K

., 
N

am
, T

.T
.H

. 
[I

R
 9

72
9]

 
gr

ai
n 

qu
al

it
y 

 
In

st
. o

f 
A

gr
ic

. S
ci

. S
.V

i 
 

yi
el

d 
 

12
1N

gu
ye

n 
B

in
h 

K
hi

em
 

 
 

 
D

is
t.

1 
H

oc
hi

m
in

h 
C

ty
 

 
 

 P
yr

us
 p

yr
if

or
ia

 N
ak

ai
 

 (j
ap

an
es

e 
pe

ar
) 

 
 

G
ol

d 
N

ij
is

se
ik

i 
Ja

pa
n,

 1
99

3 
ga

m
m

a 
ra

ys
 c

hr
on

ic
, 0

.1
2-

0.
15

 G
y 

di
se

as
e 

re
si

st
an

ce
 

 
Sa

na
da

, T
. 

[N
ij

is
se

ik
i]

 
 

 
Fr

ui
t 

T
re

e 
R

es
ea

rc
h 

St
at

io
n 

 
 

 
M

A
FF

, T
su

ku
ba

, I
ba

ra
ki

 3
05

 
 

 
K

ot
ob

uk
i 

Sh
in

su
i 

Ja
pa

n,
 1

99
6 

ga
m

m
a 

ra
ys

 c
hr

on
ic

, 8
0 

G
y 

 
di

se
as

e 
re

si
st

an
ce

 
 

Y
os

hi
ok

a,
 T

. 
[S

hi
ns

u]
 

 
 

In
st

it
ut

e 
of

 R
ad

ia
ti

on
 B

re
ed

in
g 

 
 



 

 N
am

e 
of

 c
ul

ti
va

r 
C

ou
nt

ry
 a

nd
 d

at
e 

of
 r

el
ea

se
 

M
ut

ag
en

ic
 t

re
at

m
en

t 
M

ai
n 

ch
ar

ac
te

r 
 

 
(o

r 
ap

pr
ov

al
) 

[p
ar

en
t 

va
ri

et
y]

 
im

pr
ov

ed
 

 
N

am
e 

of
 p

ri
nc

ip
al

 w
or

ke
r(

s)
 

or
 c

ro
ss

 w
it

h 
m

ut
an

t  
 

 
an

d 
in

st
it

ut
e 

or
 w

it
h 

m
ut

an
t 

de
ri

ve
d 

va
ri

et
y  

 
 Se

sa
m

um
 i

nd
ic

um
 L

. 
(s

es
am

e)
 

 
 

Se
od

un
kk

ae
 

K
or

ea
, 1

99
7 

N
aN

3,
 2

m
M

 -
 3

 h
rs

. 
di

se
as

e 
re

si
st

an
ce

 
 

K
an

g,
 C

.W
. 

[D
an

ba
ec

kk
ae

] 
yi

el
d 

 
R

D
A

, 2
09

 S
eo

du
n-

D
on

g,
 S

uw
on

 4
41

-1
00

 
 

 

Su
w

on
 1

55
 

K
or

ea
, 1

99
8 

ga
m

m
a 

ra
ys

, 2
00

 G
y 

oi
l 

qu
al

it
y 

 
K

an
g,

 C
.W

. 
 

yi
el

d 
 

N
C

E
S,

 S
uw

on
 

 
 

So
rg

hu
m

 b
ic

ol
or

 L
. 

(s
or

gh
um

) 
 

 
D

je
m

an
 

M
al

i,
 1

99
8 

ga
m

m
a 

ra
ys

, 1
00

 G
y 

gr
ai

n 
co

lo
ur

 
 

A
. B

re
ta

ud
ea

u 
 [

C
SM

 2
28

] 
gr

ai
n 

yi
el

d 
 

In
st

it
ut

 P
ol

yt
ec

hn
iq

ue
 R

ur
al

 d
e 

K
at

ib
ou

go
u 

 
 

 
K

ou
li

ko
ro

,  
B

P 
06

 
 

 

D
je

m
an

in
 

M
al

i,
 1

99
8 

ga
m

m
a 

ra
ys

, 1
00

 G
y 

gr
ai

n 
co

lo
ur

 
 

A
. B

re
ta

ud
ea

u 
 

[C
SM

 2
28

] 
gr

ai
n 

yi
el

d 
 

In
st

it
ut

 P
ol

yt
ec

hn
iq

ue
 R

ur
al

 d
e 

K
at

ib
ou

go
u 

 
 

 
K

ou
li

ko
ro

,  
B

P 
06

 
 

 

Fa
m

be
 

M
al

i,
 1

99
2 

ga
m

m
a 

ra
ys

, 3
00

 G
y 

lo
dg

in
g 

re
si

st
an

ce
 

 
A

. B
re

ta
ud

ea
u 

 
[C

SM
 3

88
] 

gr
ai

n 
yi

el
d 

 
In

st
it

ut
 P

ol
yt

ec
hn

iq
ue

 R
ur

al
 d

e 
K

at
ib

ou
go

u 
 

 
 

K
ou

li
ko

ro
,  

B
P 

06
 

 
 

G
no

m
e 

M
al

i,
 1

99
8 

ga
m

m
a 

ra
ys

, 3
00

 G
y 

lo
dg

in
g 

re
si

st
an

ce
 

 
A

. B
re

ta
ud

ea
u 

 
[I

PS
 0

00
1]

 
gr

ai
n 

yi
el

d 
 

In
st

it
ut

 P
ol

yt
ec

hn
iq

ue
 R

ur
al

 d
e 

K
at

ib
ou

go
u 

 
 

 
K

ou
li

ko
ro

,  
B

P 
06

 
 

 

G
no

um
an

in
 

M
al

i,
 1

99
8 

ga
m

m
a 

ra
ys

, 1
00

 G
y 

gr
ai

n 
co

lo
ur

 



 

 
A

. B
re

ta
ud

ea
u 

 
[C

SM
 2

28
] 

gr
ai

n 
yi

el
d 

 
In

st
it

ut
 P

ol
yt

ec
hn

iq
ue

 R
ur

al
 d

e 
K

at
ib

ou
go

u 
 

 
 

K
ou

li
ko

ro
,  

B
P 

06
 

 
 

Sa
dj

e 
M

al
i,

 1
99

8 
ga

m
m

a 
ra

ys
, 3

00
 G

y 
ea

rl
in

es
s 

 
A

. B
re

ta
ud

ea
u 

 
[I

PS
 0

00
1]

 
sh

or
tn

es
s 

 
In

st
it

ut
 P

ol
yt

ec
hn

iq
ue

 R
ur

al
 d

e 
K

at
ib

ou
go

u 
 

 
 

K
ou

li
ko

ro
,  

B
P 

06
 

 
 

So
fi

n 
M

al
i,

 1
99

8 
ga

m
m

a 
ra

ys
, 2

50
 G

y 
ea

rl
in

es
s 

 
A

. B
re

ta
ud

ea
u 

 [
C

SM
 3

88
] 

lo
dg

in
g 

re
si

st
an

ce
 

 
In

st
it

ut
 P

ol
yt

ec
hn

iq
ue

 R
ur

al
 d

e 
K

at
ib

ou
go

u 
 

 
 

K
ou

li
ko

ro
,  

B
P 

06
 

 
 

T
ie

dj
an

 
M

al
i,

 1
99

8 
ga

m
m

a 
ra

ys
, 1

00
 G

y 
pa

ni
cl

e 
si

ze
 

 
A

. B
re

ta
ud

ea
u 

  
[C

SM
 2

28
] 

gr
ai

n 
si

ze
 

 
In

st
it

ut
 P

ol
yt

ec
hn

iq
ue

 R
ur

al
 d

e 
K

at
ib

ou
go

u 
 

 
 

K
ou

li
ko

ro
,  

B
P 

06
 

 
 

 Sy
ri

ng
a 

vu
lg

ar
is

 L
. 

 (l
il

ac
) 

 
 

Pr
ai

ri
e 

Pe
ti

te
 

U
SA

, 1
99

5 
th

N
 

dw
ar

fn
es

s 
 

L
in

dg
re

n,
 D

.T
. 

 
le

af
 m

or
ph

ol
og

y 
 

U
ni

v.
 o

f 
N

eb
ra

sk
a,

 W
C

R
E

C
/H

or
ti

cu
lt

ur
e 

 
 

 
R

ou
te

 4
/B

ox
 4

6A
 

 
 

 T
ri

ti
cu

m
 a

es
ti

vu
m

 L
. 

 (w
he

at
) 

 
 

B
ak

ht
aw

ar
-9

2 
Pa

ki
st

an
, 1

99
4 

ga
m

m
a 

ra
ys

 
di

se
as

e 
re

si
st

an
ce

 
 

N
IF

A
 

 
yi

el
d 

D
ar

kh
an

-3
5 

M
on

go
li

a,
 1

99
2 

cr
os

s 
pr

ot
ei

n 
co

nt
en

t 
 

 
M

S-
77

 (
m

ut
an

t 
fr

om
 'S

ar
ru

vr
a'

) 
x 

M
ir

on
ov

sk
aj

a 
ja

ro
va

ya
 

yi
el

d 

 
 

 
   



 

N
am

e 
of

 c
ul

ti
va

r 
C

ou
nt

ry
 a

nd
 d

at
e 

of
 r

el
ea

se
 

M
ut

ag
en

ic
 t

re
at

m
en

t 
M

ai
n 

ch
ar

ac
te

r 
 

(o
r 

ap
pr

ov
al

) 
[p

ar
en

t 
va

ri
et

y]
 

im
pr

ov
ed

 
 

N
am

e 
of

 p
ri

nc
ip

al
 w

or
ke

r(
s)

 
or

 c
ro

ss
 w

it
h 

m
ut

an
t 

 
 

an
d 

in
st

it
ut

e 
or

 w
it

h 
m

ut
an

t 
de

ri
ve

d 
va

ri
et

y  
 

 
 

 
 

D
ar

kh
an

-4
9 

M
on

go
li

a,
 1

99
5 

cr
os

s 
yi

el
d 

 
 

m
ut

an
t 

of
 'O

rk
ho

n'
. 

 
K

ha
ra

-8
6 

M
on

go
li

a,
 1

98
6 

ga
m

m
a 

ra
ys

, 1
00

 G
y 

ea
rl

in
es

s 
 

 
[O

rk
ho

n]
 

yi
el

d 
N

is
ht

e-
95

 
Pa

ki
st

an
, 1

99
5 

  
 

 
N

IF
A

 
 

 
 

P.
O

.B
ox

 4
46

, P
es

ha
w

ar
 2

50
00

 
 

 

T
at

ar
a 

Pa
ki

st
an

, 1
99

6 
ga

m
m

a 
ra

ys
, 1

40
0 

G
y 

dr
ou

gh
t 

to
le

ra
nc

e 
 

Sy
ed

, A
.S

. 
 

di
se

as
e 

re
si

st
an

ce
 

 
N

IF
A

 
 

se
m

i-
dw

ar
fn

es
s 

 
P.

O
.B

ox
 4

46
, P

es
ha

w
ar

 2
50

00
 

 
 

X
in

on
g-

M
ai

 2
 

C
hi

na
, 1

99
3 

ga
m

m
a 

ra
ys

, 2
00

 G
y 

ea
rl

in
es

s 
 

L
iu

 Z
ho

ng
qi

 
[7

7 
Z

ho
ng

 2
88

2]
 

di
se

as
e 

re
si

st
an

ce
 

 
C

ro
p 

re
se

ar
ch

 I
ns

ti
tu

te
 

 
 

 
Si

ch
ua

n 
A

c.
 A

gr
. S

ci
 

 
 

 
C

he
ng

du
 6

10
06

6 
 

 

 V
ig

na
 r

ad
ia

ta
 (

L
.)

 W
il

. 

 (m
un

gb
ea

n)
 

 
 

N
IA

B
 M

un
g 

92
 

Pa
ki

st
an

,  
cr

os
s 

di
se

as
e 

re
si

st
an

ce
 

 
M

al
ik

, I
.A

. 
N

IA
B

 M
un

g 
36

 x
 V

C
 2

76
8B

 
ea

rl
in

es
s 

 
N

IA
B

 
 

 
 

P.
O

. B
ox

 1
28

, F
ai

se
la

ba
d 

 
 

N
IA

B
 M

un
g 

98
 

Pa
ki

st
an

,  
cr

os
s 

se
ed

 s
iz

e 
 

M
. S

id
di

qu
i 

N
IA

B
 M

un
g 

20
-2

1 
(m

ut
an

t)
 x

 V
C

 1
48

2E
 

yi
el

d 
 

N
IA

B
, P

.O
. B

ox
 1

28
, F

ai
se

la
ba

d 
 

di
se

as
e 

re
si

st
an

ce
 

 





45 

SELECTED PAPERS RELATED TO THE USE OF MUTATION TECHNIQUES IN 
GENETICS AND PLANT BREEDING 

 
Aggarwal, R. K., D. S. Brar, S. Nandi, N. Huang and G. S. Khush, 1999. Phylogenetic relationships 

among Oryza species revealed by AFLP markers. Theor.Appl.Genet. 98: 1320-1328 
Ahloowalia, B. S., 1996.  Micropropagation and improvement of vegetatively propagated crops. In: 

Agricultural Biotechnology. 2nd Asia Pacific Conference. Chopra, V.L., R.P. Sharma and 
M.S. Swaminathan (Eds.) Oxford & IBH Publishing Co. PVT. LTD., New Delhi, Calcutta. 
pp.79-90 

Akagi, H., Y. Yokozeki, A. Inagaki and T. Fujimura, 1996. Microsatellite DNA markers for rice 
chromosomes.  Theor.Appl.Genet. 93: 1071-1077 

Appel, M., D. U. Bellstedt and P. M. Gresshoff, 1999. Differential display of eucariotic mRNA: 
meeting the demands of the new millennium? J.Plant Physiol. 154: 561-570 

Arriola, P. E., 1997. Risks of escape and spread of engineered genes from transgenic crops to wild 
relatives. AgBiotech News and Information. 9(7): 157N-160N 

Ashikari, M., J. Wu, M. Yano, T. Sasaki and A. Yoshimura, 1999. Rice gibberellin-insensitive dwarf 
mutant gene Dwarf 1 encodes the α-subunit of GTP-binding protein. 
Proc.Natl.Acad.Sci.USA. 96: 10284-10289 

Banerji, B. K., A. K. Dwivedi and S. K. Datta, 1996. Gamma irradiation studies on rose and 
chrysanthemum. J.Nuclear Agric.Biol. 25(2): 63-67 

Belarmino, M. M., T. Abe and T. Sasahara, 1996. Asymetric protoplast fusion between sweet potato 
and its relatives, and plant regeneration . Plant Cell Tiss.Org.Cult. 46: 195-202 

Bennetzen, J. L., E. A. Kellogg, M. Lee and J. Messing, 1998. A plant genome initiative. The Plant 
Cell. 10: 488-493 

Bennetzen, J. L. and E. A. Kellogg, 1997. Do plants have a one-way ticket to genomic obesity? The 
Plant Cell. 9(9): 1509-1514 

Berna, G., P. Robles and J. L. Micol, 1999. A mutational analysis of leaf morphogenesis in 
Arabidopsis thaliana. Genetics. 152: 729-742 

Bertin, P., J.-P. Busogoro, J.-P. Tilquin, J.-M. Kinet and J. Bouharmont, 1997. Field performances of 
rice somaclones at low temperature: effects of callus chilling treatment. Crop Sci. 37: 1943-
1950 

Bishop, B. E., 1996. Mendel's opposition to evolution and to Darwin. J.Hered. 87(3): 205-213 
Bohn, M., H. F. Utz and A. E. Melchinger, 1999. Genetic similarities among winter wheat cultivars 

determined on the basis of RFLPs, AFLPs, and SSRs and their use for predicting progeny 
variance. Crop Sci. 39: 228-237 

Bozorgipour, R. and J. W. Snape, 1997. An assessment of somaclonal variation as a breeding tool for 
generating herbicide tolerant genotypes in wheat (Triticum aestivum L.). Euphytica. 94: 335-
340 

Caetano-Anolles, G. and R. N. Trigiano, 1997. Nucleic acid markers in agricultural biotechnology. 
AgBiotech News and Information. 9(10): 235N-242N 

Chakrabarti, S. N., 1996. PNR 546, the promising aromatic rice variety, developed with combined use 
of nuclear and genetic tool. J.Nuclear Agric.Biol. 25(2): 118-121 

Chen, M., P. SanMiguel, A. C. De Olivera, S.-S. Woo, H. Zhang, R. A. Wing and J. L. Bennetzen, 
1997. Microcolinearity in sh2-homologous regions of the maize, rice, and sorghum genomes. 
Proc.Natl.Acad.Sci.USA. 94: 3431-3435 

Cheng, M., J. E. Fry, S. Pang, H. Zhou, C. M. Hironaka, D. R. Duncan, T. W. Conner and Y. Wan, 
1997. Genetic transformation of wheat mediated by Agrobacterium tumefaciens. Plant 
Physiol. 115: 971-980 

Cote, F. X., R. Domergue, S. Monmarson, J. Schwendiman, C. Teisson and J. V. Escalant, 1996. 
Embryogenic cell suspension from male flower of Musa AAA cv. Grand nain. Physiol.Plant. 
97: 285-290 



46 

Delwiche, S. R., K. S. McKenzie and B. D. Webb, 1996. Quality characteristics in rice by Near-
Infrared Reflectance Analysis of whole-grain milled samples. Analytical Techniques and 
Instrumentation. 73(2): 257-263 

Dolezel, J., 1997. Application of flow cytometry for the study of plant genomes. J.Appl.Genet. 38(3): 
285-302 

Dribnenki, J. C. P., A. G. Green and G. N. Atlin, 1996. LinolaTM 989 low linolenic flax. Can.J.Plant 
Sci. 76: 329-331 

Dubinina, L. G., 1996. Structural aberrations of chromosomes induced by gamma rays and cross-
adaptation in Crepis capillaris. Russian J.Genet. 32(3): 322-326 

Duncan, R. R., 1996. Breeding and improvement of forage sorghums for the tropics. Adv.Agron. 57: 
161-185 

Falk, K. C., G. Rakow and  R. K. Downey, 1998. The utilization of heterosis for seed yield in hybrid 
and synthetic cultivars of summer turnip rape. Can.J.Plant Sci. 78: 383-387 

Fluminhan, A. and T. Kameya, 1996. Behaviour of chromosomes in anaphase cells in embryogenic 
callus cultures of maize (Zea mays L.). Theor.Appl.Genet. 92: 982-990 

Gill, K. S., K. Arumuganathan and J.-H. Lee, 1999. Isolating individual wheat (Triticum aestivum) 
chromosome arms by flow cytometric analysis of ditelosomic lines. Theor.Appl.Genet. 98: 
1248-1252 

Greene, T. W. and L. C. Hannah, 1998. Enhanced stability of maize endosperm ADP-glucose 
pyrophosphorylase is gained through mutants that alter subunit interactions. 
Proc.Natl.Acad.Sci.USA. 95: 13342-13347 

Gresshoff, P. M., J. Stiller, Q. Jiang, A. Hussain, D. Lohar, C. A. Vasile, I. L. Anderssen, C. Zaharia, 
M. Appel, K. Harada, I. Searle, M. Bhattacharrya, K. Meksem, D. Lightfoot, M. Spencer, B. 
Aroll and A. Men, 1999. Functional genomics and genetic analysis of nodulation and lateral 
root development of soybean and Lotus japonicus. Symbiosis (Rehovot). ((in press)) 

Grzesik, H., 1995. Studies on dwarf mutants of winter triticale (X Triticosecale Witt.). Part II. Effect 
of heterosis in F1 hybrids of winter triticale (in Polish with English summary)  
Badania nad karlowatymi mutantami pszenzyta ozimego (X Triticosecale Witt.). Czesc II. 
Efect heterozji mieszancow F1 pszenzyta ozimego . Hod.Rosl.Aklim.Nasien. 39(3): 21-39 

Guo, Y.-D. and S. Pulli, 1996. High-frequency embryogenesis in Brassica campestris microspore 
culture. Plant Cell Tiss.Org.Cult. 46: 219-225 

Hallden, C., M. Hansen, N.-O. Nilsson, A. Hjerdin and T. Söll, 1996. Competition as a source of 
errors in RAPD analysis. Theor.Appl.Genet. 93: 1185-1192 

Hamilton, C. M., A. Frary,  C. Lewis and S. D. Tanksley, 1996. Stable transfer of intact high 
molecular weight DNA into plant chromosomes. Proc.Natl.Acad.Sci.USA. 93: 9975-9979 

Hancock, J. F., 1997. The colchicine story. HortSci. 32(6): 1011-1012 
Hansen, N. J. P. and S. B. Andersen, 1998. Efficient production of doubled haploid wheat plants by in 

vitro treatment of microspores with trifluralin or AMP. Plant Breed. 117: 401-405 
Harper, G., J. Osuji, J. S. Pat Heslop-Harrison and R. Hull,  1999. Integration of banana streak 

badnavirus into the  Musa genome: molecular and cytogenetic evidence. Virology. 255: 207-
213 

Haseloff, J., K. R. Siemering, D. C. Prasher and S. Hodge, 1997. Removal of cryptic intron and 
subcellular localization of green fluorescent protein are required to mark transgenic 
Arabidopsis plants brightly. Proc.Natl.Acad.Sci.USA. 94: 2122-2127 

Hashmi, G., R. Huettel, R. Meyer, L. Krusberg and F. Hammerschlag, 1997. RAPD analysis of 
somaclonal variants derived from embryo callus cultures of peach. Plant Cell Rep. 16: 624-
627 

He, P., S. G. Li, Q. Qian, Y. Q. Ma, J. Z. Li, W. M. Wang, Y. Chen and L. H. Zhu, 1999. Genetic 
analysis of rice grain quality. Theor.Appl.Genet. 98: 502-508 

Hirochika, H., K. Sugimoto, Y. Otsuki, H. Tsugawa and M. Kanda, 1996. Retrotransposons of rice 
involved in mutations induced by tissue culture. Proc.Natl.Acad.Sci.USA. 93: 7783-7788 



47 

Hoffman, T., J. S. Schmidt and X. Zheng, 1999. Isolation of ethylene-insensitive soybean mutants that 
are altered in pathogen susceptibility and gene-for-gene disease resistance. Plant Physiol. 119: 
935-949 

Huyghe, C., 1998. Genetics and genetic modification of plant architecture in grain legumes: a review. 
Agronomie. 18: 383-411 

Inagaki, M., 1997. Technical advances in wheat haploid production using ultra-wide crosses. JIRCAS 
J. 4: 51-62 

Inagaki, M. N., G. Varughese, S. Rajaram, M. van Ginkel and A. Mujeeb-Kazi, 1998. Comparison of 
bread wheat lines selected by doubled haploid, single-seed descent and pedigree selection 
methods. Theor.Appl.Genet. 97(550): 556 

Ivandic, V., S. Malyshev, V. Korzun, A. Graner and A. Börner, 1999. Comparative mapping of a 
gibberellic acid-insensitive dwarfing gene (Dwf2) on chromosome 4HS in barley. 
Theor.Appl.Genet. 98: 728-731 

Jähne-Gärtner, A. and H. Lörz , 1999.  Protocols for anther culture of barley. In: Methods in 
Molecular Biology, Vol. 111: Plant Cell Culture Protocols. Hall, R.D. (Ed.) Humana Press 
Inc., Totowa, NJ. pp.269-279 

Jiang, J., S. H. Hulbert, B. S. Gill and D. C. Ward, 1996. Interphase fluorescence in situ hybridization 
mapping: a physical mapping strategy for plant species with large complex genomes. 
Mol.Gen.Genet. 252: 497-502 

Joyce, T. A., M. T. Abberton, T. P. T Michaelson-Yeates and J. W. Forster, 1999. Relationships 
between genetic distance measured by RAPD-PCR and heterosis in inbred lines of white 
clover (Trifolium repens L.). Euphytica. 107: 159-165 

Kaemmer, D., D. Fischer, R. L. Jarret, F.-C. Baurens, A. Grapin, D. Dambier, J.-L. Noyer , C. Lanaud, 
G. Kahl and P. J. L. Lagoda, 1997. Molecular breeding in the genus Musa: a strong case for 
STMS marker technology. Euphytica. 96: 49-63 

Kalendar, R., T. Grob, A. Regina, A. Suoniemi and A. Schulman, 1999. IRAP and REMAP: two new 
retrotransposon-based DNA fingerprinting techniques. Theor.Appl.Genet. 98: 704-711 

Kamijima, O., T. Tanisaka and T. Kinoshita, 1996. Gene symbols for dwarfness. RGN. 13: 19-25 
Kasha, K. J., 1999. Biotechnology and world food supply. Genome. 42: 642-645 
Kiyosue, T., N. Ohad, R. Yadegari, M. Hannon, J. Dinneny, D. Wells, A. Katz, L. Margossian, J. J. 

Harada, R. B. Goldberg and R. L. Fischer, 1999. Control of fertilization-independent 
endosperm development by the MEDEA polycomb gene in Arabidopsis. 
Proc.Natl.Acad.Sci.USA. 96: 4186-4191 

Leister, D., J. Kurth, D. A. Laurie, M. Yano, T. Sasaki, A. Graner and P. Schulze-Lefert, 1999. RFLP- 
and physical mapping of resistance gene homologues in rice (O. sativa) and barley (H. 
vulgare). Theor.Appl.Genet. 98: 509-520 

Li, X., Z. Cheng and H. Yu, 1996. Chromosome location of a gene for aroma in rice. CRRN. 4(2): 5-6 
Liu, J. and J.-K. Zhu, 1997. An Arabidopsis mutant that requires increased calcium for potassium 

nutrition and salt tolerance. Proc.Natl.Acad.Sci.USA. 94: 14960-14964 
Lu, Y. M., C. L. Wang, M. Shen and Q. F. Chen, 1999. Effect of γ-irradiation on the formation of calli 

and regeneration of green plants in rice anther culture. Acta Agric.Zhejiangensis. 9(3): 123-
216 

Lysak, M. A., M. Dolezelova, J. P. Horry, R. Swennen and J. Dolezel, 1999. Flow cytometric analysis 
of nuclear DNA content in Musa. Theor.Appl.Genet. 98: 1344-1350 

Maluszynski, M., B. Ahloowalia, A. Ashri, K. Nichterlein and L. van Zanten, 1999.  Induced 
mutations in rice breeding and germplasm enhancement. In: Proceedings of the 19th Session 
of the International Rice Commission.  FAO, Rome. pp.194-204 

Manjarrez-Sandoval, P., T. E. Jr. Carter, D. M. Webb and J. W. Burton, 1997. Heterosis in soybean 
and its prediction by genetic similarity measures. Crop Sci.  37: 1443-1452 

Martinez, C. P., F. Correa Victoria, M. C. Amezquita, E. Tulande, G. Lema and R. S. Zeigler, 1996. 
Comparison of rice lines derived through anther culture and the pedigree method in relation to 
blast (Pyricularia grisea  Sacc.) resistance. Theor.Appl.Genet. 92: 583-590 



48 

McCully, M. E., 1999. Roots in soil: unearthing the complexities of roots and their rhizospheres. 
Annu.Rev.Plant Physiol.Plant Mol.Biol. 50: 695-718 

Mekbib, F., S. H. Mantell and V. Buchanan-Wollaston, 1997. Callus induction and in vitro 
regeneration of tef [Eragrostis tef (Zucc.) Trotter] from leaf. J.Plant Physiol. 151: 368-372 

Meyers, B. C., D. B. Chin,  K. A. Shen, S. Sivaramakrishnan, D. O. Lavelle, Z. Zhang and R. W. 
Michelmore, 1998. The major resistance gene cluster in lettuce is highly duplicated and spans 
several megabases. The Plant Cell. 10: 1817-1832 

Micke, A., 1999.  Mutations in plant breeding. In: Breeding in Crop Plants. Mutations and In Vitro 
Mutation Breeding. Siddiqui, B.A. and S. Khan (Eds.) Kalyani Publishers, Ludhiana. pp.1-19 

Mizukami, Y. and H. Ma, 1997. Determination of Arabidopsis floral meristem identity by 
AGAMOUS. The Plant Cell. 9: 393-408 

Moieni, A., K. Lokos-Toth and A. Sarrafi, 1997. Evidence for genetic control and media effect on 
haploid regeneration in the anther culture of hexaploid wheat (Triticum aestivum L.). Plant 
Breed. 116: 502-504 

Molina-Cano, J. L., A. Sopena, J. S. Swanston, A. M. Casas, M. A. Moralejo, A. Ubieto, I. Lara, A. 
M. Perez-Vendrell and I. Romagosa, 1999. A mutant induced in the malting barley cv 
Triumph with reduced dormancy and ABA response. Theor.Appl.Genet. 98: 347-355 

Nassar, N. M. A. and M. Freitas, 1997. Prospects of polyploidizing cassava, Manihot esculenta 
Crantz, by unreduced microspores. Plant Breed. 116: 195-197 

Nemoto, Y., N. Kawakami and T. Sasakuma, 1999. Isolation of novel early salt-responding genes 
from wheat (Triticum aestivum L.) by differential display. Theor.Appl.Genet. 98: 673-678 

Neuteboom, L. W., J. M. Y. Ng, M. Kuyper, O. R. Clijdesdale, P. J. J. Hooykaas and B. J. van der 
Zaal, 1999. Isolation and characterization of cDNA clones corresponding with mRNAs that 
accumulate during auxin-induced lateral root formation. Plant Mol.Biol. 39: 273-287 

Nguyen, H. T., R. C. Babu and A. Blum, 1997. Breeding for drought resistance in rice: physiology 
and molecular genetics considerations. Crop Sci. 37: 1426-1434 

Noguchi, K., M. Yasumori, T. Imai, S. Naito, T. Matsunaga, H. Oda, H. Hayashi, M. Chino and T. 
Fujiwara, 1997. bor1-1, an Arabidopsis thaliana mutant that requires a high level of boron. 
Plant Physiol. 115: 901-906 

Nwachukwu, E. C., A. Sonnino and E. N. A. Mbanaso, 1996. Influence on NAA concentration and of 
explant source on plantlet regeneration in white guinea yam Discorea rotundata Poir. 
J.Genet.and Breed. 50: 181-184 

Ohad, N., L. Margossian, Y-C. Hsu, C. Williams, P. Repetti and R. L. Fischer, 1996. A mutation that 
allows endosperm development without fertilization. Proc.Natl.Acad.Sci.USA. 93: 5319-5324 

Okole, B. N. and F. A. Schulz, 1997. Selection of Mycosphaerella fijiensis-resistant cell lines from 
micro-cross sections of banana and plantain. Plant Cell Rep. 16: 339-343 

Ortiz, R., 1997. Secondary polyploids, heterosis, and evolutionary crop breeding for further 
improvement of the plantain and banana (Musa spp. L.) genome. Theor.Appl.Genet. 94: 1113-
1120 

Ozeki, Y., E. Davies and J. Takeda, 1997. Somatic variation during long term subculturing of plant 
cells caused by insertion of a transposable element in a phenylalanine ammonia-lyase (PAL) 
gene. Mol.Gen.Genet. 254: 407-416 

Pages, L., 1999. Root system architecture: from its representation to the study of its elaboration. 
Agronomie. 19: 295-304 

Pakniyat, H., W. T. B. Thomas, P. D. S. Caligari and B. P. Forster, 1997. Comparison of salt tolerance 
of GPert and non-GPert barleys. Plant Breed. 116: 189-191 

Palukaitis, P. and M. J. Roossinck, 1996. Spontaneous change of a benign satellite RNA of cucumber 
mosaic virus to a pathogenic variant. Nature Biotech. 14: 1264-1268 

Panaud, O., X. Chen and S. R. McCouch, 1996. Development of microsatellite markers and 
characterization of simple sequence length polymorphism (SSLP) in rice (Oryza sativa). 
Mol.Gen.Genet. 252: 597-607 

Paruvangada, V. G. and T. M. Davis, 1999. A dominant, host plant mutation conferring ineffective 
nodulation in the chickpea-Rhizobium symbiosis. J.Hered. 90(2): 297-299 



49 

Prina, A. R., 1996. Mutator-induced cytoplasmic mutants in barley: genetic evidence of activation of a 
putative chloroplast transposon. Journal of Heredity. 87(5): 385-389 

Puonti-Kaerlas, J., 1997. Recent advances in cassava biotechnology. AgBiotech News and 
Information. 9(11): 259N-266N 

Rajcan, I., K. J. Kasha, L. S. Kott and W. D. Beversdorf, 1999. Detection of molecular markers 
associated with linolenic and erucic acid levels in spring rapeseed (Brassica napus L.). 
Euphytica. 105: 173-181 

Rao, M. V. P., S. E. Pawar and D. C. Joshua, 1996. Use of radiation in the genetic improvement of 
crop plants. Science and Agriculture. 62(7-8): 166-170 

Rivkin, M. I., C. E. Vallejos and P. E. McClean, 1999. Disease-resistance related sequences in 
common bean. Genome. 42: 41-47 

Sadowski, J., P. Gaubier, M. Delseny and C. F. Quiros, 1996. Genetic and physical mapping in 
Brassica diploid species of a gene cluster defined in Arabidopsis thaliana. Mol.Gen.Genet. 
251: 298-306 

Sakai, T., H. J. Liu, M. Iwabuchi, J. Kohno-Murase and J. Imamura, 1996. Introduction of a gene 
from fertility restored radish (Raphanus sativus) into Brassica napus by fusion of X-irradiated 
protoplasts from a radish restorer line and iodacetoamide-treated protoplasts from 
cytoplasmic male-sterile cybrid of B. napus. Theor.Appl.Genet. 93: 373-379 

Samoylov, V. M. and K. C. Sink, 1996. The role of irradiation dose and DNA content of somatic 
hybrid calli in producing asymmetric plants between an interspecific tomato hybrid and 
eggplant. Theor.Appl.Genet. 92: 850-857 

Sanda, S. L. and R. M. Amasino, 1996. Ecotype-specific expression of a flowering mutant phenotype 
in  Arabidopsis thaliana. Plant Physiol. 111: 641-644 

SanMiguel, P., A. Tikhonov, Y.-K. Jin, N. Motchoulskaia, D. Zakharov, A. Melake-Berhan, P. S. 
Springer, K. J. Edwards, M. Lee, Z. Avramova and J. L. Bennetzen, 1996. Nested 
retrotransposons in the intergenic regions of the maize genome. Science. 274: 765-768 

Sharma, A. N., P. S. Bhatnagar and R. N. Singh, 1996. Radiation-induced variability for stem-fly 
(Melanagromyza sojae) resistance, yield and maturity in soybean (Glycine max). Indian 
J.Agr.Sci. 66(8): 497-501 

Shi, L., T. Zhu, M. Morgante, J. A. Rafalski and P. Keim, 1996. Soybean chromosome painting: a 
strategy for somatic cytogenetics. J.Hered. 87: 308-313 

Simons, G., T. van der Lee, P. Diergaarde, R. van Daelen, J. Groenendijk, A. Frijters, R. Büschges, K. 
Hollricher, S. Töpsch, P. Schulze-Lefert, F. Salamini, M. Zabeau and P. Vos, 1997. AFLP-
based fine mapping of the Mlo gene to a 30-kb DNA segment of the barley genome. 
Genomics. 44: 61-70 

Singh, D. P., 1997. Tailoring the plant type in pulse crops. Plant Breeding Abstracts. 67(9): 1213-
1220 

Slijepcevic, P., Y. Xiao, I. Dominguez and A. T. Natarajan, 1996. Spontaneous and radiation-induced 
chromosomal breakage at interstitial telomeric sites. Chromosoma. 104: 596-604 

Staginnus, C., P. Winter, C. Desel, T. Schmidt and G. Kahl, 1999. Molecular structure and 
chromosomal localization of major repetitive DNA families in chickpea (Cicer arietinum L.) 
genome. Plant Mol.Biol. 39: 1037-1050 

Stipic, M. and B. Campio,  1997. An improved protocol for androgenesis in cauliflowers (Brassica 
oleracea var. botrytis). Plant Breed. 116: 153-157 

Stober, A. and D. Hess, 1997. Spike pretreatments, anther culture conditions, and anther culture 
response of 17 German varieties of spring wheat (Triticum aestivum L.). Plant Breed. 116: 
443-447 

Sybenga, J., 1996. Recombination and chiasmata: few but intriguing discrepancies. Genome. 39: 473-
484 

Taylor, C. B., 1997. Promoter fusion analysis: an insufficient measure of gene expression. The Plant 
Cell. 9: 273-275 

Taylor, S. L., 1997. Assessment of the allergenicity of genetically modified foods. AgBiotech News 
and Information. 9(10): 229N-234N 



50 

Teraishi, M., Y. Okumoto, H. Hirochika, A. Horibata, H. Yamagata and T. Tanisaka, 1999. 
Identification of a mutable slender glume gene in rice (Oryza sativa L.). Mol.Gen.Genet. 261: 
487-494 

Trick, H. N. and G. W. Bates, 1996. Bromodeoxyuridine combined with UV light and gamma 
irradiation promotes the production of asymmetric somatic hybrid calli. Plant Cell Rep. 15: 
986-990 

Truco, M. J., J. Hu, J. Sadowski and C. F. Quiros, 1996. Inter- and intra-genomic homology of the 
Brassica genomes: implications for their origin and evolution. Theor.Appl.Genet. 93: 1225-
1233 

Uozu, S., H. Ikehashi, N. Ohmido, H. Ohtsubo, E. Ohtsubo and K. Fukui, 1997. Repetitive sequences: 
cause for variation in genome size and chromosome morphology in the genus Oryza. Plant 
Mol.Biol. 35: 791-799 

van Blokland, R., M. ten Lohuis and P. Meyer, 1997. Condensation of chromatin in transcriptional 
regions of an inactivated plant transgene: evidence for an active role of transcription in gene 
silencing. Mol.Gen.Genet. 257: 1-13 

van der Biezen, E. A., H. J. J. Nijkamp and J. Hille, 1996. Mutations at the Asc locus of tomato confer 
resistance to the fungal pathogen Alternaria alternata f. sp. lycopersici. Theor.Appl.Genet. 
92: 898-904 

Velasco, L., B. Perez-Vich and J. M. Fernandez-Martinez, 1999. Nondestructive screening for oleic 
and linoleic acid in single sunflower achenes by near-infrared reflectance spectroscopy. Crop 
Sci. 39: 219-222 

Vollmann, J., A. Damboeck,  S. Baumgartner and P. Ruckenbauer, 1997. Selection of induced 
mutants with improved linolenic acid content in camelina. Fett/Lipid.  99(10): 357-361 

Vrinten, P., T. Nakamura and M. Yamamori, 1999. Molecular characterization of waxy mutations in 
wheat.  Mol.Gen.Genet. 261: 463-471 

Vuong, T. D., C. D. Nickell and J. E. Harper, 1996. Genetic and allelism analyses of hypernodulation 
soybean mutants from two genetic backgrounds. Crop Sci. 36: 1153-1158 

Williams, C. E., S. Yanagihara, S. R. McCouch, D. J. MacKill and P. C. Ronald, 1997. Predicting 
success of indica/japonica crosses in rice, based on a PCR marker for the S-5" allele at a 
hybrid-sterility locus. Crop Sci. 37: 1910-1912 

Yamamoto, T., Y. Kuboki, S. Y. Lin, T. Sasaki and M. Yano, 1998. Fine mapping of quantitative trait 
loci Hd-1, Hd-2 and Hd-3, controlling heading date of rice, as single Mendelian factors. 
Theor.Appl.Genet. 97: 37-44 

Zhao, J., D. H. Simmonds and W. Newcomb, 1996. High frequency production of doubled haploid 
plants of Brassica napus cv. Topas derived from colchicine-induced microspore 
embryogenesis without heat shock. Plant Cell Rep. 15: 668-671 

 



51 

 
NEW BOOKS 

 
Managing Agricultural Biotechnology: Addressing Research Program Needs and Policy 

Implications, 1999. Cohen, J.I. (Ed.), CAB International, Wallingford, pp. 340. 
 
Global Plant Genetic Resources for Insect-Resistant Crops, 1999. Clement, S.L. and S.S. 

Quisenberry, (Eds.), CRC Press, Boca Raton, pp. 320. 
 
Common Bean Improvement in the Twenty-First Century, 1999. Singh, S.P. (Ed.), Kluwer 

Academic Publishers, Dordrecht, pp. 420.  
 
Plant Nutrition - Molecular Biology and Genetics, 1999. Gissel-Nielsen, G. and A. Jensen, (Eds.) 

Kluwer Academic Publishers, Dordrecht, pp. 439. 
 
Mutation Breeding. Theory and Practical Applications, 1998. van Harten, A.M. Cambridge 

University Press, Cambridge, pp. 367 
 
Computer Applications in Biotechnology 1998, 1998. Yoshida, T. and S. Shioya (Eds.), Pergamon,  

pp. 212. 
 
Molecular Biology of Woody Plants, Vol. 1. 1999. Jain, S.M. and S.C. Minocha (Eds.), Kluwer 

Academic Publishers, Dordrecht, pp. 544. 
 
Somatic Embryogenesis in Woody Plants, Vol. 4. 1998. Jain, S.M., P.K. Gupta and R.J. Newton 

(Eds.), Kluwer Academic Publishers, Dordrecht, pp. 560. 
 
Somatic Embryogenesis in Woody Plants, Vol. 5. 1999. Jain, S.M., P.K. Gupta and R.J. Newton 

(Eds.), Kluwer Academic Publishers, Dordrecht, pp. 352. 
 
 
FROM THE IAEA: 
 
In Vitro Mutation Breeding of Bananas and Plantains, 1995. Amano, E. and R.L. Jarret (Eds.), 

IAEA-TECDOC-800, IAEA, Vienna, pp. 86. (cost free distribution to Institute Libraries) 
 
Improvement of Root and Tuber Crops in Tropical Countries of Asia by Induced Mutations, 

1995. Amano, E. and A. Ashri (Eds.), IAEA-TECDOC-809, IAEA, Vienna, pp. 118. (cost 
free distribution to Institute Libraries) 

 
Induced Mutations and Molecular Techniques for Crop Improvement, 1995. Proceedings of an 

FAO/IAEA International Symposium on the Use of Induced Mutations and Molecular 
Techniques for Crop Improvement. IAEA, Vienna, pp. 748. (priced publication) 

 
Use of Mutation Techniques for Improvement of Cereals in Latin America, 1996. Ashri, A., C. 

Bollich and M. Maluszynski (Eds.), IAEA-TECDOC-859, IAEA, Vienna, pp. 168. (cost free 
distribution to Institute Libraries) 

 
Improvement of Basic Food Crops in Africa through Plant Breeding, including the Use of 

Induced Mutations, 1997. Ahloowalia, B.S. (Ed.), IAEA-TECDOC-951, IAEA, Vienna, pp. 
145. (cost free distribution to Institute Libraries) 

 



52 

Application of DNA Based Marker Mutations for Improvement of Cereals and other Sexually 
Reproduced Crop Plants, 1998, Weck, E. and A. Ashri (Eds.), IAEA-TECDOC-1010, 
IAEA, Vienna, pp. 125. (cost free distribution to Institute Libraries) 

 
Use of Novel DNA Fingerprinting Techniques for the Detection and Characterization of Genetic 

Variation in Vegetatively Propagated Crops, 1998. Weck, E. and A. Ashri (Eds.), IAEA-
TECDOC-1047, IAEA, Vienna, pp. 134. (cost free distribution to Institute Libraries) 



53 

Reports from meeting: 
 
Improvement of Basic Food Crops in Africa Through Plant Breeding, Including the Use of 

Induced Mutations, 1997. Report of the Third Research Co-ordination Meeting of 
FAO/IAEA/ITALY Co-ordinated Research Programme, Nairobi, Kenya, 20-24 September 
1993. IAEA, Vienna, 1997, pp. 89. (cost free distribution to Institute Libraries) 

 
In vitro Techniques for Selection of Radiation-Induced Mutants Adapted to Adverse 

Environmental Conditions, 1997. Report of the Second FAO/IAEA Research Co-ordination 
Meeting, Cairo, Egypt, 15-19 April 1996. IAEA, Vienna, 1997, pp. 81. (cost free distribution 
to Institute Libraries) 

 
Induced Mutations for Sesame Improvement, 1997. Report of the Second FAO/IAEA Research 

Co-ordination Meeting, Antalya, Turkey, 9-13 September 1996. IAEA, Vienna, 1997, pp. 
120. (cost free distribution to Institute Libraries) 

 
Improvement of New and Traditional Industrial Crops by Induced Mutations and Related 

Biotechnology, 1998. Report of the Second FAO/IAEA Research Co-ordination Meeting, 
Giessen, Germany, 30 June - 4 July 1997. IAEA, Vienna, 1998, pp. 86. (cost free distribution 
to Institute Libraries) 

 
Radioactively Labelled DNA Probes for Crop Improvement, 1998. Report of the Second 

FAO/IAEA Research Co-ordination Meeting, San José, Costa Rica, 20-24 January 1997. 
IAEA, Vienna, 1998, pp. 93. (cost free distribution to Institute Libraries) 

 
Cellular Biology and Biotechnology including Mutation Techniques for Creation of New and 

Useful Banana Genotypes, 1998. Report of the Second FAO/IAEA Research Co-ordination 
Meeting, Kuala Lumpur, Malaysia, 13-17 October 1997, IAEA, Vienna, 1998, pp. 122. (cost 
free distribution to Institute Libraries) 

 
Evaluation of Cereal Crop Mutants, 1999. Report of the Second Working Group Meeting on “Rice 

Multilocation Trials”, Montevideo, Uruguay, 23-27 March 1998, INIA/IAEA, Vienna, 1999, 
pp. 57. (cost free distribution to Institute Libraries) 

 
Mutational Enhancement of Genetic Diversity in Rice, 1999. Report of the Project Formulation 

Meeting, Bangkok, Thailand, 8-12 February 1999, IAEA, Vienna, 1999, pp. 163. (cost free 
distribution to Institute Libraries) 

 
 
 
 



54

 
TO THE READER 
 
 
 This month, the fourth issue of the PLANT BREEDING AND GENETICS NEWSLETTER will also be 
published.  The Newsletter will inform you about current activities of the FAO/IAEA sub-programme on plant 
breeding and genetics which is implemented by the Plant Breeding and Genetics Section of the Joint FAO/IAEA 
Division of Nuclear Techniques in Food and Agriculture (Vienna) in close collaboration with the Plant Breeding 
Unit of the FAO/IAEA Agriculture and Biotechnology Laboratory (Seibersdorf).  The Newsletter (PBGN) is 
published every 6 months so that you have more information about current and planned activities of the FAO/IAEA 
Plant Breeding and Genetics sub-Programme. It is expected that in the near future, it will also be available on the 
Joint Division's home pages on the Internet.  I would like to emphasize, however, that this Newsletter does not 
replace the MUTATION BREEDING NEWSLETTER.  In fact, the MBNL will continue to publish scientific 
papers related to the application of mutation techniques in plant breeding and genetics.  Requests for inclusion on the 
mailing list of the PBGN should be sent to the address indicated on the back cover. 
 

Miroslaw MALUSZYNSKI 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LAST BUT NOT LEAST 
 
 This Newsletter is distributed free of charge.  To have your name added to our mailing list, please send 
your request to the address shown on the back cover.  In addition to your full name, the request should indicate the 
detailed name of your institute, university or plant breeding station.  Please note that if a copy is available in your 
library, a duplicate cannot be sent. 
 All published papers are reviewed. Please submit your contribution to the Mutation Breeding Newsletter by 
1 June and 1 December of each year.  Authors are kindly requested to take into account that readers want to learn 
about new findings and new methods but would also like to see the most relevant data on which statements and 
conclusions are based.  Conclusions should be precise and distinguish facts from speculations.  The length of 
contributions should not exceed 2-3 double-spaced typewritten pages including tables.  We regret that for technical 
reasons photographs cannot be accepted.  References to publications containing a more detailed description of 
methods for evaluation of findings are welcome but should generally be limited. 
 

Miroslaw MALUSZYNSKI 
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