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Evolution of ethylene and methane in relation
to somatic embryogenesis in chickpea
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Abstract

In four genotypes of chickpea (Clcer arieiinnm 1.y BG 362, BG 372, BG 329 and
C235 the relationship between somatic embryogenesis of leaf explants and ethylene
and methane cvolution was studied. In BG 362, which was more embryogenic than
other genotypes, a higher ethylene:methane ratio of 5.8:1 at day one atter inoculation
in the induction medium and a lower ethylenc:methane ratio of 2.89:1 in the
maturation medium was found. On the contrary, in BG 372 with the least
embryogenic potential, a lower ethylene:methane ratio of 1.7:1 in the induction
medium and a higher ethylenc:methane ratio of 4:1 in the maturation medium was
found. Thus, these ratios in induction and maturation stages seems to be markers for
embryogenesis in leaf explants of chickpea.

Addirional key words: Cicer oriefinum, induction stage, maturation stage.

Fthylene evalved in culture vessels plays a major role in the morphogenesis of cells
and tissues cultured in vitre. Ethylene evolution in in vitre culturcs is related to
embryogenesis and it was reported that in some plant species, there is an absolute
need for an optimum level of ethylene for embryogencsis (Cho and Kasha 1989). On
the contrary. inhibition of shoot regencration from calflus cultures by ethylene was
reported in Helianthus annwus (Robinson and Adams 1987) and in Nicotiana
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dahacin (Nuxter ¢r al. 1981). Addition of silver nitrale, an inhibitor of ethylene, to
the media inereased shoot regeneration from callus cultures in Triticum aestivim
(Purnhauser o7 of. 1987) and caused enhanced embryogenesis in Dancus carrota
(Roustan ef ol 1990), Brassica campestris var, gemmifera (Williams e al. 19903,
Brasstea campestris ssp. pekinensis and other recalcitrant Brassica genotypes (Chi
of af. 1991, Palmer 1992, Pua er al. l‘)‘)())

In chickpea, a certain amount of ethylene is reported 10 be necessary  for
embryogenesis. and the optimum level depends upon the type of explant, genotype
and stage of the culwre (Patil er ol 1998). Along with ethylene. certain amount of
methane is also evolved in the culture vessels. But so far, there is no report on the
role of methane in morphogenesis of cells and tissues in culture. Studies of Babbar
and Gupta (1986) supgested that the ethylene preenrsor S-adenosyl-methionine
enhanced embryo formation in Datira metel. Addition of 0.01 % methyl methane
sulphonate enhanced multiple shoot formation in cotyledon explants of Cheumis
sarivis (Mustafa er ol 1991). Direct evidence on the role of methane in
organogenesis of different explants of chickpea grown jn virro was reporled by
Chandra ef af. (1997/08).

The purpose of the present study is to assess the role of ethylene. methane and also
the ethylene:methane {[2:M) ratio in relation to the embryogenic potential of leaf
explants of four genotypes of chickpea.

Pour genotypes ot chickpea (€ieer arietivr 1.) C 235, BG 362, BOG 329 and
BG 372 were obtained from the Division of Genetics, Indian Agricultural Research
Institute, New Delhi. Sced germination, media preparation and inoculation of
explants were earried out under ascptic conditions accurding, to Chandra er af. (1993).
Leal segments (3 mm?) from 13-d-old seedlings were usced as explants. The induction
medium consisted of Murashige and Skoog (MS) medium supplemented with BS
vitamius to which 1.25 mg dm” 2.4-dichlorophenoxyacetic acid (2.4-11) and
0.25 mg dm” kinetin (Kn) were added. Aficr srowing them for 45 d in the induction
medium, the embryogenic calli were transierred to the embryo maturation medium
whlLll w:lx composed of MS medium suplemented with bm?yhmmnpmme (BAP;

2 mg dm™), !\n (1 mg dm™), tndolebutyric acid (IRA; 1.25 mg dmi™), glutamine (Gin:
1315 mg dm™)y and mannitol (3 %).

Obscrvations on growth and morphogenesis were recorded at weekly intervals.
Data on the evolution of cthylene and methanc were recorded 1 and 30 0 after
inoculation (DAL in the induction medium and 1 d after inoculation in the maturation
medium. lFor the measurement of cthylene and methane, the culture tubes were
capped with serum stoppers after removing the cotton plugs and incubated for 24 h,
Ethylene and methane were measured in gas samples (2 cm’) taken out from tubes
with the help of a disposable syringe and injected into the gas chromatograph
{(Perkin-Elmer, Sigma 2000 model, USA) fitted with flame ionisation detector. IPor
cuch treatment, 4 - 6 tubes were used and the measurements were replicated four
times. Detection of both the gases was confirmed with the help of standards.

Data were statistically analysed using the factorial completely randomized design
and the significance of differences was evaluated at 2 = 6.05 using Mncans’
multiple range test.
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Amongst the genolypes, BG 362 produced somatic embryos which later developed
into fully developed embryos in the maturation medium. Though the genotype C 235
praduced embryoids, they failed to develop fully. Genotypes BG 372 and BG 329
remained as non-embryogenic calli.

Evolution of ethylene and methane was observed at 1 and 30 DAT in induction
medium (Fig. 14.8) and at 1 DAL in the maturation medium (Fig, 1), Of all the
genotypes studied, BG 362 which produced somatic embryos recorded the highest
evolution of ethylene at 1 DAT in the induction medium followed by genotype C 235
(Fig. L4). At 1 DAI, the mcthane evolution was low in BG 362, Thus, a maximum
[::M ratio of 5.8:1 was recorded in this genotype followed by genotype C 235 which
also produced embryoids in the induction medium. At 30 DAL the evolution of both
ethylene and methane declined in BG 362 (Fig. 18), but more in cthylene, resulting
in a lesser E:M ratio of 1.7:1. In this genotype, the ethylene cvolution in the
maturation medium at 1 DAl was lesser and the methane evolution was higher
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Fi}_,',_l. Evolution of ethylenc and methane in four genotypes of chick pea at 1 DAL in indnetinn
medium (), 30 DAL in induction medium (8), and 1 DA in maturation medium (€*), Means ot
4 repetitions.

as compared o that at 1 DAI in the induction medium (Fig. 10 resuiting in an [:M
ratio of 2.89:1. Closely following this genotype was C 235 which recorded an F:M
ratio of 2:1 at 1 DAT and 0.9:1 at 30 DAI in the induction medium and 2.37-1 at
I DAL in the maturation medium. The number of embryoids induced and matured
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into somatic embryos was lesser in this genotype as compared to BG 362,

The other two chickpea genotypes BG 372 and BG 329 produced
non-embryogenic calli. The amount of ethylene rccorded in these two genotypes at
1 DAL in the induction media was lesser than that of BG 362 and C 235 (Tig. 14). In
BBG 372, the 13:M ratio was 1.7:1 at 1 DAl and 4:1 at 30 DAI in the induction medium
and 1 DAL in the maturation medium. At 1 DAI in the maturation medium, ethylenc
evolution in BG 372 was significantly higher than in other genotypes (Fig. 100
Genolype BG 329 recorded an T:M ratio of 1.2:1 at 1 DAL and 1.8:1 at 30 DAL in the
induction medium. It ¢can be seen that the trend of E:M ratio in these two genotypes is
just the reverse of the other two embryogenic genotypes. The growth of callus (fresh
mass) was highest in the genotype BG 329 (data not shown).

In embryogenic studies, it is a routine practice to add higher concentrations of
auxin in the induction media and the most commonly used auxin s 2,4-D (e.g.
|.azzeri e al. 1988). The presence of 2,4-D in the media resulting in an increase in
the evolution of ethylene has been reported by many workers (e.2. Garcia and Einset
1983, Purnhauser ef al. 1987). Patil er af. (1998) in chickpea and Cho and Kasha
(1989) and Lvans and Batty (1994) in barley reported that the maintenance of a
particnlar level of ethylene is essential for embryogenesis. Patil e al. (1998) also
found a linear relationship between inoculation time and evolution of cthylene upto
24 h. On the other hand. Khehra and Mathias (1992) and Tisserat and Murashige
(1977} had reported that the evolution of ethylene in the presence of 2.4-D did not
influence embryogenesis.

The type and age of explants and the growth regulators in the medium play an
important role in the evolution of ethylene which in turn influences the differentiation
of the explants (Chandra er /. 1997/98). From our results, it is evident that initially
increased evolution of ethylene in the induction media followed by its drop in the
maturation media helped BG 362 to produce viable embryoids. Addition of silver
nitrate {AgNQ,), an inhibitor of ¢thylene, to the induction medium resulted in the
formation of non-embryogenic calli in chickpea (Patil ef a/. 1998). Besides the role of
cthylene, the present study alsv supports the role of methane in embryogengsis, In
BG 362, low E:M ratio at 30 DAT in induction medium and at 1 DAT in maturation
medium was accompanied by embryo maturation, while high E:M ratio at initial
stages of induction was accompanied by embryo induction. On the other hand, the
genotype BG 372 which produced non-embryogenic callus, recorded significantly
lower E:M ratio at 1 DA in the induction medium as compared to BG 362. Miller
and Pengelly (1984) reported that in Nicotiona and Lycopersicon, ccll hines
cxhibiting low ethylene evolution upte 15 DAI developed unorganised tissue,
whereas those with higher evolution of ethylene produced shoots. Similarly in Pinus
radiata increased evolution of ethylene upto 10 to 15 DAI promoted shoot-bud
formation in in vitro prown cotyledonary tissues whereas, excessive accumulation of
cthylene after initiation of buds resulted in callus formation (Kumar er af. 1987).

The role o' methane which is also evolved along with cthylene and CO; in i vitro
cultures  was rarely reported. In sugar beet, habituated organogenic lines
preferentially synthesized methyl, methenyl or formyl groups from S-adenosyl-
methionine, whereas  polyamine pathway predominated in  habituated non-
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organogenic lines (Hagepe ef al. 1994). In cotyledon cultures of cucumber.
application of methylmethane sulphonate induced multiple shoot formation (Mustafa
et al. 1991). Also in pigeon pea the role of methane in induction and clongation of
shoot buds from cotyledonary node explants was cstablished (Sudarsana Rao 1997).
Application of ethrel to the media increased ethylene evolution and reduced the
evolution of methane resulting in the production of only non-embryogenic callus
(Sudarsana Rao 1997). In addition to the role of ethylene and methane, the present
study also helps in understanding the role of E:M ratio in embryogenesis,
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