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Abstract

The scope of induced mutations in sesame {Sesamum indicum L.) breeding is reviewed. So far in Egypt,
India, Iraq, Rep. of Korea, and Sri Lanka, 14 officially released varieties have been developed through induced
mutations: 12 directly and 2 through cross breeding (one using the 'dt45' induced mutant from Israel). For
another variety released in China there are no details. The induced mutations approach was adopted primarily in
order to obtain genetic variability that was not available in the germplasm collection. The mutagens commonly
applied have been gamma rays, EMS and sodium azide. Sesame seeds can withstand high mutagen doses, and
there are genotypic differences in sensitivity between varieties. The mutants induced in the above named
countries and others include better yield, improved seed retention, determinate habit, modified plant architecture
and size, more uniform and shorter maturation period, earliness, resistance to diseases, genie male sterility, seed
coat color, higher oil content and modified fatty acids composition. Some of the induced mutants have already
given rise to improved varieties, the breeding value of other mutants is now being assessed and still others can
serve as useful markers in genetic studies and breeding programmes.

1. INTRODUCTION

Although sesame {Sesamum indicum L.) is an ancient oil crop, it is still at an early stage in its
breeding history. More focused breeding efforts were undertaken only in recent decades, and even
these only in very few research stations. This is mainly because sesame is a crop of developing
countries where research funds are scarce and continuous long-term breeding efforts are difficult. In
addition, sesame is not mandated to any of the international research institutes of the CGIAR.

The two most commonly used breeding approaches in sesame are selection (mostly from local
landraces) and pedigree; introduction, backcross and induced mutations are less common. This is
shown for the officially released improved cultivars for China, India, Rep. of Korea and Venezuela in
Table I [1].

The induced mutations approach was adopted in the breeding projects because certain much
desired traits, such as good seed retention and resistance to certain diseases have not been found in the
extensive germplasm collections. Three FAO Expert Consultations [2,3,4] recommended that induced
mutations be used to enhance the genetic variability of sesame and to select for characters that can be
easily identified in large segregating populations, e.g. seed retention, modified plant architecture and
size, modified growing period, and resistance to diseases and pests. Some of these research efforts
have been included in the current Co-ordinated Research Project of the Joint FAO/IAEA Division and
in previous ones.

Often, but not always, the induced mutations approach was a component of a comprehensive
breeding programme. So far, 14 officially released cultivars have been developed through the use of
induced mutations in Egypt, India, Iraq, Rep. of Korea and Sri Lanka, as shown in Table II: 12 direct
and 2 through hybridization, one involving the 'dt45' mutant induced in Israel (Mutant varieties data
base, Plant Breeding and Genetics Section, Joint FAO/IAEA Division, L. van Zanten, pers. commun.).
Another mutant variety was released in China (Table I) but no details are available. 'Ahnsan',
released in the Rep. of Korea with improved disease resistance in 1985, continues to be a major
cultivar there: it was grown in 1996 on 30% of the sesame area (ca. 15,000 ha) and in 1997 on
12,450 ha 26% of the area (C.W. Kang, pers. commun.). 'UMA' and 'USHA' are important in Orissa
State in India, while the remaining cultivars cover small areas.
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FIG.l. Homozygous determinate dt45/dt45 segregants from crosses of mutant x different
indetreminate varieties (a-more branched; b-uniculm; c-less branched).

2. DIFFERENTIAL Mj RESPONSES

Sesame seeds have been treated with radiations (mainly gamma-rays) and chemical mutagens
[mainly ethyl methane sulfonate (EMS), and recently also with sodium azide, NaN3]. Sesame seeds
proved less sensitive physiologically to the various mutagenic agents, therefore higher doses can be
used [5]; but higher doses may also cause simultaneously undesirable mutations which may mask the
desired mutants. Several authors reported genotypic differences in sensitivity to the mutagens. Ashri
[5] reported that whereas some cultivars gave good Mj germination after treatments with 0.4% and
0.5% EMS solutions for 24 h, 'Oro' gave only 15% germination and about 65% of the M] plants were
sterile and stunted. Ashri [5] also demonstrated genotypic sensitivity differences to gamma-rays.
Layrisse et al. [6] tested seven Venezuelan cultivars for their gamma-rays LDJQ. Even for the most
sensitive cultivars the LD50 was 630 Gy which is quite high, and for the more resistant one it was 800
Gy. Pathirana [7] also reported differences in cultivar tolerance to seed irradiation; 'Ml3 ' was much
more tolerant to gamma-rays than 'M12', although both were very tolerant. Kamala [8] found widely
different sensitivity levels between cultivars. Four Chinese cultivars tested by Li et al. [9] for
sensitivity to gamma radiation proved very tolerant to high doses, but there were differences between
them depending on seed coat color; the LD50 for three white-seeded varieties was 800-900 Gy and for
the black-seeded one it was 1000 Gy.

3. SELECTION PROCEDURES

Murty and Oropeza [10] tested three selection procedures following gamma irradiation of seeds of six
sesame cultivars. They concluded that single plant selection from M2 rows was best. The authors
recommended that where possible M2 progeny rows should be used. However, where budgets and/or
labor are limited, harvesting the M, plants in bulk and growing the M2 populations in bulks by
cultivars and treatments is a good alternative. In this approach it is not possible though to ascertain the
number of mutation events that occurred. Thus, if two or more identical mutant plants appear in a
given M2 bulk, it is impossible to determine whether they resulted from one or more mutation events.
This was the case when the 'dt45' mutation was discovered; there were four determinate plants in one
bulk M2 population. It is reasonable to assume that they all originated from a single mutation event
but it was not possible to verify it at the time. Such resolution could perhaps be achieved by checking
the mutants' DNA markers, but this would not be called for usually. For quantitative traits it is
generally recommended to make the selections in the M3 generation (M. Maluszynski, A. Micke, pers.
commun.).
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TABLE I. NUMBERS OF OFFICIALLY RELEASED IMPROVED SESAME CULTIVARS DEVELOPED BY DIFFERENT BREEDING METHODS BY
1994 IN CHINA AND IN TWO DIFFERENT PERIODS IN INDIA, R. OF KOREA AND VENEZUELA (1980s AND 1990s).

Country

China

India

R. of Korea

Venezuela

Number of released cultivars
Introduction

only

-

-

-

1

1

-

-

Selection
Introduction

-

-

-

1

1

5

7

from
Local

materials
17

18

28

3

3

-

-

Hybridization
Pedigree Backcross

18

6

25

6

8

5 2

6 2

Induced
mutations

I1

1

3

1

5

-

-

Unknown
method

-

-

18

-

-

-

3

Total

36

25

73

12

18

12

18

Reference

[37]

[38]

[39]

[33]

[24,25] C.W. Kang - pers. comm.

[40]

[41]

Laser treatment.



4. INDUCED MUTANT TRAITS

Pioneering investigations on induced mutations in sesame were conducted by Kobayashi
[11,12] who found both morphological and developmental mutants. Generally, a wide range of
mutants was found [13], as in other crops. Some of the induced mutations have proven their
agronomic value and were released as varieties (direct or through cross breeding) as noted above and
shown in Table II, some are under advanced breeding tests, others can be useful as markers, and still
others can be used in physiological, genetic and molecular studies. Mutations of more relevance to
sesame breeding are discussed below.

Good non-shattering plants can be obtained only through an induced or spontaneous mutation or
perhaps by transgenic manipulations, since the trait is not available in the germplasm collection,
except for id. The id allele for indehiscence discovered by Langham [14] in Venezuela was a
spontaneous mutant. However, because of its many undesirable side effects, including reduced yields
due to poor seed set and susceptibility to diseases, it was not incorporated successfully into any
commercial variety, despite intensive efforts. It is encouraging that recently Cagirgan [15,16] induced
three such mutants whose breeding value and affinity to the id allele are now under study in Turkey.
In Thailand, Wongyai et al. [17] reported a delayed shattering mutant and Maneekao et al. [18] found
semi-shattering mutants. On the other hand, the author was not successful in obtaining mutants with
good seed retention in very large M2 populations of several sesame varieties treated with gamma rays
and EMS.

A monogenic recessive determinate growth habit mutant, termed 'dt45', with a very unique
plant architecture and with clustered capsules was induced by Ashri with gamma-rays (500 Gy) in the
Israeli cultivar 'No. 45' [19,20]. Typically, 5-7 capsules are arranged at the tips of the main stem and
the branches, and the internodes are telescoped, giving smaller plants. Both branched and uniculm
lines have been bred with this trait. In this mutant, the apical flowers are often 6-parted instead of the
standard 5-parted condition in the corolla lobes and anthers, which is the case in the other flowers on
the same plants. Also, the 6-parted apical flowers are bell shaped and symmetrical, while the other, 5-
parted flowers on these same plants have a lip and are asymmetrical. Flowers such as these apical
ones have not been described before. The resulting apical capsules are often quadricarpellate while
the other capsules on the same plants are bicarpellate. Like the source cultivar, the mutant has large
seeds [19, 21, 22], which contain the same oil and protein contents as the original cultivar [23, Ashri
(unpublished)]. The mutant was bred into diverse genetic backgrounds and distributed by the author
to researchers in many countries, including the participants in this and other RCMs. 'Pungsan',
released in the Rep. of Korea in 1996, resulted from incorporation of the dt45 allele into a locally
adapted cultivar [24, 25]. Wongyai [26] crossed 'dt45' with Thai cultivars and derived determinate
and indeterminate locally adapted lines; she then compared the development rate, height and
flowering time of the materials. The Sesaco Company breeding programme, made crosses involving
'dt45' and produced several adapted promising lines, e.g. with desired branching pattern and disease
resistance (D.R. Langham, pers. commun.). R.D. Brigham (pers. commun.) made extensive crosses
with 'dt45' in Texas and selected promising lines varying in height. In view of its multiple,
pleiotropic effects, the dt45 mutant allele is probably a homeotic one. It is planned to initiate
molecular studies on the nature of dt45 soon (I. Cagirgan, C.W. Kang, P. Donini, pers. commun.).

A mutant which is similar to 'dt45' was induced recently in Turkey, and is now under study
there (I. Cagirgan, pers. commun.). Short flowering period mutations leading to uniform maturation
were induced with EMS and gamma-rays in Thailand [26].

It is possible that a breakthrough leading to higher yields in sesame will be achieved with
hybrid varieties [1]. Insect pollination can be quite effective [1], but so far only nuclear male sterility
mutants were found. A spontaneous, monogenic, recessive, male sterile mutant, found in Venezuela
about 30 years ago, is used to some extent in breeding [1]. Using gamma-rays (300-600 Gy) four male
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TABLE II. OFFICIALLY RELEASED SESAME VARIETIES DERIVED FROM INDUCED MUTATIONS AND REPORTED TO THE PLANT BREEDING AND

GENETICS SECTION, JOINT FAO/IAEA DIVISION, VIENNA1.

Country

Egypt

India

Iraq

R. of Korea

Sri Lanka

Variety

Cairo white 8

Sinai white 48

Kalika

UMA

USHA

Babil

Rafiden

Eshtar

Ahnsan

Suweon

Yangbaek

Pungsan

Seodun

ANK-2

Year

1992

1992

1980

1990

1990

1992

1992

1992

1985

1991

1995

1996

1997

1995

Mutagen

Gamma rays

Gamma rays

EMS

Chemical mutagen2

Chemical mutagen2

Gamma rays

Gamma rays

Gamma rays

Xrays

Cross3

Sodium azide

Cross4

Sodium azide

Gamma rays

Main character

Non-branching

Seed color

Short stature

Uniform maturity

Higher yield

Earliness

Earliness

Capsule size

Disease resistance

Lodging and disease resistance

Higher oil content

Determinate habit, seed retention

Somewhat higher oleic acid,

Phytophthora blight tolerance

Disease resistance

'Source: L. van Zanten, from data base of the Plant Breeding and Genetics Section, Joint FAO/IAEA Division, Vienna.

2 Mutagen unspecified (possibly an arsenic compound).

3From progeny of cross with mutant.
4From progeny of cross with the dt45 mutant induced by A. Ashri in Israel.



sterile mutations were induced in India [27] but some were also female sterile. Six male sterile
mutations were induced in China [28] and three are under study in Turkey [16]. Male sterile
mutations were induced by Rangaswamy and Rathinam [29] and by Ramahathan et al. [30] with lower
gamma-ray doses. The allelic nature of all these mutants and their breeding value have not been
investigated as yet. A genic-cytoplasmic male sterility system suitable for hybrid seed production still
remains to be developed, through induced mutations or interspecific crosses.

A polypetalous recessive spontaneous mutant (known also as "star flower"), in which the split
corolla tube reduces markedly the opportunity for self pollination, was discovered by D.G. Langham
[31] in Venezuela. It was induced later with gamma rays by Murty and Oropeza [10] in Venezuela,
and with fast neutrons by Murty and Bhatia [32] in India. The allelic nature of these mutants has not
been studied so far. This trait could be useful in crossing and perhaps in producing seeds of hybrid
varieties with high insect pollinators' activity, using just 2 lines with good combining ability: a
polypetalous A line and a suitable C line.

Induced disease resistant mutants have been investigated in several countries. Lee and Choi
[33] induced a mutation which gave moderate resistance to Fusarium and Rhizoctonia and resistance
to Corynespora and Phytophthora. This mutant line was released in Rep. of Korea as 'Ahnsan' (Table
II) which continues to be a widespread variety there (see also above). In Sri Lanka, Pathirana [7]
induced mutations for resistance to Phytophthora and one of them was released there as the cultivar
'ANK-82'.

Variation for fatty acids content was induced by gamma-rays [32] and by sodium azide [25] in
Rep. of Korea. This effort culminated with the release in 1997 of 'Seodun' (Table II), which has
somewhat higher oleic acid content and more tolerance to Phytophthora (C.W. Kang, pers. commun.).

Heterosis was noted in Fi hybrids between true breeding mutants originating from the same cultivar
[27]. This finding, which was encountered also in sweet clover, Melilotus alba [35] and in barley,
Hordeum vulgare [36] is intriguing and warrants further studies on the phenomenon and on the nature
of the mutations.

5. CONCLUSION

It is concluded that the induced mutation approach has made significant contributions to sesame
breeding and to sesame production by the development of new improved cultivars and by generating
novel genetic variation. So far though, there have been only a few studies on the genetic control of the
mutations and hardly any on their physiological or molecular nature. This is another manifestation of
the paucity of genetic and other investigations in sesame. Enhanced genetic, molecular and
physiological studies of some of the induced mutants and of diverse genotypes in the germplasm
collection will widen our knowledge and will contribute to breeding improved sesame cultivars and to
a deeper, more general understanding of some important plant traits.
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