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ABSTRACT

Chemical mutagenesis of seeds with 0.5% EMS has yielded some leaf shape mutants
in Brassica juncea L. Coss. & Czern. variety RLM 198. These mutants are designated
as sl type (simple leaf), dil type (deeply incised lobe) and G type. Morphological
characteristics of these mutants are discussed in this paper. The F; data suggests
the involvement of two genes in sl type and only one in G type mutants. Significance
of such chemically induced leaf shape mutations in the same species are discussed
in terms of understanding the generation of leaf as well as plant forms. Also since
these mutants develop different canopy structures their importance in attaining a
suitable plant type in Brassica is also discussed.
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In recent years mutants defective in almost every aspect of development have
been identified [1] and it has dramatically expanded the field of developmental
genetics. These mutants can provide valuable information that will eventually help
in identification and characterization of these genes in higher plants which play a
critical role in cell division, metabolism and differentiation. Identification of several
floral mutants of Arabidopsis and Antirrhinum [2] have led to considerable progress
in identifying genes with direct role in morphogenesis of floral structures [3, 4].
Similarly several embryonic [5] and root shape mutants [6] have been identified and
their study may eventually provide valuable information regarding development and
differentiation of these organs.

Leaf shape is an important characteristic that finally governs plant form. However,
not much is known about the genetics or the morphological and the biochemical
events leading to the development of its final shape. In recent years some leaf shape
mutants have been identified [7] and their analysis may eventually lead to the
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understanding of the production of leaf shape and finally the plant form. In this
paper we describe certain EMS induced leaf shape mutants in Brassica juncea L. Coss
& Czern variety RLM 198. Availability of these leaf shape mutants will not only
provide an opportunity to understand the generation of leaf shape at anatomical,
biochemical and molecular level but also to modify the plant canopy by introgression
of the desired characteristics.

MATERIALS AND METHODS

Alkylating agent ethyl methane sulfonate (EMS) was used for chemical
mutagenesis. Different concentrations of EMS were prepared in 0.1 M phosphate
buffer, pH 7.0 [8, 9]. 3000 seeds of almost uniform size were selected and divided
in three lots. Each lot was presoaked in distilled water for 12 h and then treated
with 0.3, 04 and 0.5% EMS for 6 h. The seeds were washed thoroughly and then
transferred to field of Water Technology Center, Indian Agricultural Research Institute,
New Delhi. Irrigation and fertilizer was provided according to the recommended
agronomic practices and the plant spacing was maintained at 30 x 40 cm.

ISOLATION AND CHARACTERIZATION OF MUTANTS

The plants obtained in M; and in subsequent generations were studied for
variation in leaf shape or size. Following morphological characteristics of leaf shape
were studied:

(i) Leaf length (in cm) (ii) Leaf width (in cm) (iii) main lobe Length (in cm)
(iv) Main lobe width (in cm) (v) Number of lobes: Any leaflet with length equal to
or greater than 10% of the main lobe length was taken as a lobe. (vi) Number of
45° angles per unit lobe length : The plants were also characterized for number of
sharp edges (45° angles on leaf margins per unit of main lobe length).

Crosses were attempted between some of the mutants and their parental lines.
Mutants were taken as female and the parental line as pollen parent. Flowers were
emasculated prior to anthesis and pollination was effected when the stigmas were
in receptive condition.

RESULTS AND DISCUSSION
Three distinct leaf shape mutants were identified in Brassica juncea variety RLM
198 and designated as - Simple leaf (sl), G-Type and Deep incision lobe (dil).
MORPHOLOGY OF THE MUTANTS

The sl mutant: The s/ mutants was characterized by the presence of a single
lobe in the leaf. In this mutant unlike the normal compound leaf the lamina was
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entire (almost simple leaf) (Fig. 1). The leaf length and leaf width were significantly
reduced (40% and 30% reduction respectively) as compared to the parental line
(Tables 1, 2). The number of 45° angles per unit of main Iobe length in the mutant
leaf were also significantly less than the parental line (Table 1). The

Table 1. Leaf Phenotype in different morphological mutants of Brassica juncea
variety RLM 198

Mutant Char- leaf length leaf main lobe main lobe = Number No of

type acters (cm) width  length (cm) width of lobes sharp
(cm) (cm) edges/
main lobe
‘length
sl mean 29.50 +0.43 15.84'+0.24 29.50'+0.43 15.84'+0.24 1.00+0.00 4.34'+0.15
range  24-35 12-21 24-35 12-21 0 2-10
ov (%) 1034 10.7 10.34 10.7 0 24.85
dil mean 30724070 18.16 1048 17.34'+0.37 15261032 8204028 9.24'+0.36
range  25-42 13-27 1325 1222 515 5-16
cv(%) 16.2 18.56 15.11 14.68 23.78 27.27
G mean 5452'+1.13 25524059 31.18'40.70 25.52'+1.04 12.68+0.43 5.57+0.35
range  43-66 19-32 23-40 19-32 9-17 4-14
ov (%) 104 116 11.23 20.46 16.8 31.24
Control mean 4870°40.77 22.48'055 32424059 22484055 10.5630.27 6.77+0.24
range  39-54 17-27 ' 2838 17-27 8-13 49
V(%) 7.88 12.32 9.07 12.32 12,6 18

*Significant change over control

frequency distribution curves for leaf length, leaf width, main lobe length, main lobe
width and number of sharp edges per unit of main lobe length were negatively
skewed (Fig. 2).

The G mutant. The average leaf length and width in mutant was significantly
higher than parental lines (Tables 1, 2). Although this type of leaf had several lobes
but most of these were very small and vestigial giving the leaf a lyrate appearance
(Fig. 1). Also the edges of the leaf were smooth (less serrated). The frequency
distribution curve showed positive skewness for leaf length whereas it was negatively
skewed for the number of sharp edges per unit of main lobe length (Fig. 1).

The dil mutant. This mutants had deeply divided or pinnatisect leaves (Fig. 1).
The average leaf length and width in the mutants was significantly less than parental
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Fig. 1. Variation in leaf morphology in leaf shape mutants in Brassica juncea (from left):
(a) simple leaf (sl) mutant; (b) G type mutant; (c) Control leaf and (d) deep incision
lobe (dil) mutant

line (37% and 19% respectively Table 1, 2). Lamina had very deep incisions because
of which the main lobe was smaller (47% less than control). The average main lobe
length in the mutant was 17 cm as against 32 cm in parental line (Table 1). In all
other mutants the main lobe width was also the maximum leaf width. However, in
this particular mutant the main lobe width (at 15 cm) was less than the maximum
leaf width (at 18 cm). Also despite the presence of very deep incisions in the leaf,
the number of lobes in the mutants were significantly less than that in the parental
line.

Leaf had very sharp and pointed serrations and the number of serration per
unit of main lobe length were more (Tables 1, 2). A negative skewness was observed
in leaf length, leaf width, main lobe length, main lobe width and number of lobes
(Fig. 1).
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Table 2. Morphological changes in leaves of mutants of Brassica juncea variety

RLM 198
Mutant Increase or decrease over control
type Leaf shape leaf length leaf width main lobe  Serrations Number
length of lobes
sl Simple 40% decrease 30% decrease 30% decrease Fewer 1
nearly entire blunt
dil Deeply 37% decrease 19% decrease 47% decrease More, 8
divided or sharp,
pinnatisect pointed
G Lyrate 12% increase 13% increase 13% decrease Fewer, 13"
blunt
Control Pinnati Sharp 11
' divided

*Significant change over control

GENETICS OF LEAF SHAPE

Genetics of leaf shape was studied in s/ and G mutants. Crosses were attempted
with mutants as female parent and parental wild type leaf as the pollen parent.

The sl mutants: In F; generation all the seven plants had normal wild type
leaves. In F, generation, out of a population of 95 plants, 14 had simple leaf while
81 showed normal leaf (Table 3). This suggested a two gene segregation (one basic
and one inhibitory) ratio of 13 normal : 3 simple leaf. The chi-square value of 1.00
for this fit had a probability range of 0.30-0.50 (Table 3). Such epistatic interactions
have previously been reported in pea leaf [10] and Trapeaolum [11].

The G mutants: In F,; generation all plants had normal leaves. In F, out of 103
plants, 82 showed normal while 21 showed G type leaf. The chi-square for goodness
of fit corresponded to 3 normal : 1 G type leaf showed a value of 1.168 for 1 degree
of freedom with corresponding probability range of 0.2-0.3 (Table 4). Involvement
of a single gene in controlling leaf shape has been reported recently in pearl millet
[12] and sunflower [13]. In Brassica campestris acute apex was found to be partially
dominant over obtuse apex [14]. No information is available on the number of genes
controlling leaf shape in brassicas.

In the tribe Brassicae considerable natural variation exists for leaf shape in
different genotypes and between wild type and cultivated species. Four basic types
of leaves can be distinguished in the tribe Brassicae and the genus Brassica has leaves
of each of this kind showing intra - generic heterogeneity [15]. These four basic
types of leaves are - (a) simple, entire to shallowly lobed (b) lobed to partite with
sinuses not reaching the nerviation (c) divided with sinuses reaching the medium
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nerviation and (d) with reduced number of segments (Lyrate). In the present paper
we report the generation of some distinct leaf shape mutants in Brassica juncea variety
RLM 198. These are simple leaf (sl) mutants, G type mutants (almost Lyrate leaf)
and deep incision lobe (dil) mutant (deeply divided or pinnatisect leaf).

Table 3. F2 segregation behaviour for cross Simple(sl) x Normal leaf in Brassica

juncea
Frequencies Probability
Leaf type Observed Expected  Chi-square range
Simple (sl) 14 17.81 0.81
Normal 81 77.19 0.19 0.30-0.50
Total 95 95.00 1.00

Table 4. F2 segregation behaviour for cross G Type x Normal in Brassica juncea

Frequencies Probability
Leaf Type Observed Expected Chi Square range
G Type 21 25.75 0.876
Normal ' 82 77.25 0.292 0.20-0.30
Total 103 103.00 1.168

Although naturally existing variation can be used in understanding the generation
of variation in leaf shape, mutants within the same species provide a very powerful
tool as they provide the possibility of cloning the genes. Another advantage of using
induced mutants over naturally existing variation is that the difference can be
attributed to a few genes as has been done in Trapeaolum, pea, maize, and tomato
[10-11, 16]. Although they need further investigation, these leaf shape mutants are
ideally suited for genetic analysis of generation of leaf shape. In recent years some
other leaf shape mutants have also been identified [17, 18]. The analysis of these
mutants should eventually lead to the understanding of leaf shape determination in
particular and plant form generation in general.

The Brassica plants has been suggested to have some inherent physiological
constraints that limit productivity [19, 20] and one of the major concerns has been
the large almost parasitic lower leaves in the mature plant. Since these mutants have
different shapes and sizes of leaves they provide an opportunity to study the effect
of different type of plant canopies on productivity in Brassica juncea and may also

prove to be useful in obtaining a desired plant type by introgression of the desired
traits.



60

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

Ritcha Mehra-Chaudhary and Suresh Kumar Sinha [Vol. 58, No. 1

REFERENCES

G. A. Marx. 1983. Developmental mutants in some annual seed plants. Ann. Rev. Plant Physiol.,
34: 389-417.

J. L. Bowman, D. R. Smyth and E. M.. Meyerowitz. 1991. Genetic interactions among floral homeotic
genes of Arabidopsis. Developments., 112: 1-20.

R. Chasan. 1991. Modelling Flowers. Plant Cell., 3: 845-847.

E. S. Coen. 1991. The role of homeotic genes in flower development and evolution. Ann. Rev. Plant
Physiol. Plant Mol. Biol., 42: 241-279.

D. W. Meinke. 1991. Perspective on genetic analysis of plant embryogénesis. Plant Cell,, 3: 857-866.

]J. W. Schieflbein and P. N. Benfey. 1991. The development of plant roots: New approaches to
underground problems. Plant Cell., 3: 1147-1154.

L. G. Smith and S. Hake. 1992. The initiation and determination of leaves. Plant Cell., 4: 1017-1027.

V. N. Savin, M. 5. Swaminathan and B. Sharma, 1968. Enhancement of chemically induced mutation
frequency in barley through alteration in the duration of pescaking of seeds. Mutation Research.,
6: 101-107. -

I. M. Wickham, K. R. Narayanan and C. F. Konzak. 1969. Influence of pH and concentration of
phosphate buffers on degradation of alkyl alkanesulfonates. In: JAEA-SM-121/40, Scientific paper
no. 3346, 153-167.

G. A. Marx. 1987. A suite of mutants that modify pattern formation in pea leaves. Plant Mol. Biol.
Reports., 5: 311-335.

W. G. Whaley and C. Y. Whaley. 1942. A developmental analysis of inheritance of leaf patterns
in Tropeaolum. American J. Bot., 29: 195-200.

S. Appa Rao, K. N. Rai and M. H. Mengesha. 1985. Narrow leaf mutant : a new plant type in
pearl millet. J. Heredity., 86: 299- 301.

C. Pugliesi, M. Fambrini and S. Barotti. 1995. Inheritance of the basilicum leaf mutation in sunflower
(Helianthus annus L.) ]. Heredity., 86: 76-78.

D. Singh. 1955. Inheritance of a new type of leaf in rape (Brassica campestrls var. yellow sarson).
Current Science., 34: 237-238.

C. Gomez-Campo. 1980. Morphology and Morpho-Taxonomy of the Tribe Brassicae. In: Brassica
crops and Wild Allies, Biology and Breeding. (eds. S. Tsunoda, K. Hinata and C. Gomez- Campo).
Japan Scientific Society Press, Tokyo: 3-30.

N. G. Dengler. 1984. Comparison of leaf development in normal (+/+), entire (e/e) and lanceolate
(La/+) plants of tomato, Lycopersicon esculentum ‘Aisla Craig’. Bot. Gazette,, 145: 66-77.

R. Chasan. 1992. A feast of maize genetics. Plant Cell., 4: 507-512.

S. Hake and N. Sinha. 1991. Genetic analysis of leaf development. In: Oxford Survey of Plant
Molecular and Cell Biology, vol. VII (eds. B. J. Miffin and H. F. Miflin). Oxford University Press:
187-222.

S. C. Bhargava and D. P. S. Tomar. 1990. Physiological constraints for increased yields in rapeseed
mustard. In: Proceedings of International Congress of Plant Physiology, New Delhi, India, vol. I:
358-366.

S. C. Bhargava. 1991. Physiology. In: Oilseed Brassicas in Indian Agriculture. (eds. V. L. Chopra
and S. Prakash). Har Anand Ppbhcatlons and Vikas Publishing House Pvt. Ltd. India: 161-197.



