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Abstract: The present study on the effect of mutagens on regeneration and growth of in vitro grown epicotyls seg-
ments of rough lemon seedlings (Citrus jambhiri Lush.) was carried out during the years 2009- 2010 and 2010- 2011
in the Tissue Culture Laboratory, Department of Fruit Science, Punjab Agricultural University, Ludhiana. Develop-
mental characteristics of the in vitro grown epicotyls segments on regeneration media were treated employing
gamma radiation in Gray(Gy) at 0, 5,10,15,20,25,30,35,40 and 45 Gy; the alkylating agent ethyl methane sulfonate
(EMS) and methyl methane sulfonate (MMS) each at 0, 0.1, 0.2, 0.3, 0.4,0.5 and 0.6% (v/v) were evaluated. Epi-
cotyl segments from one month old in vitro grown seedling were cultured in regeneration medium (MS+BAP 1.0
mglit*) under controlled laboratory conditions (25+2° C, 16 hr photoperiod, 2000 lux light). LDs, the dose required to
kill half of the tested population corresponded to 35Gy for gamma radiation, 0.3% each for EMS and MMS treat-
ments. Number of days taken for regeneration increased with increasing dose of gamma irradiation, EMS and MMS.
Percent regeneration, number of buds, number of shoots, shoot length, number of leaves, internodal length, primary
root length and number of secondary roots decreased with increasing dose of gamma radiation , EMS and MMS.
The study would be beneficial to induce desirable variations in plant growth characteristics of rough lemon by the
use of mutagens treatment.
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INTRODUCTION mutagens is species-specific and largely unknown fo
. o _ . the majority of the species (Gilchrist and Haughn,

In vitro mutagenesis is considered as a valid tool f0r2005)_ Several workers have attempted for induation

the improvement of a crop, especially when we ftave . iation in citrus species using either physicall an

add one or more easily identifiable characters ?‘"‘“h chemical mutagens for involving new citrus genogy/pe
changing the genotype of well developed variety. INjyq seediessness in sweet orange and grape €diit ¢

addition, there is no loss of the mutants, as MiCro g (Davis and Albligo, 1994) and salt toleranoe i
propagules are sub-cultured under sterile condition troyer citrange (Garcia —Agustin and Primo-Millo,

_(Ling et al., 2008). At thg current !eve] of plant br(_aed— 1995),development of seedless and Mal Secco tolerant
ing research, the mutation breeding is highly $l8ta ., ;ant lemons (Gulseet al., 2007), seedless and cit-

as compare.d to natural Vf”“.‘a“‘?”- Mutation breeciﬁng rus canker tolerant mutant clones in sweet orange
more effective than hybridization even when des'red(Latadoet al., 2006). In mutagenesis , mutageiis

genes are present, but tightly to undesirable geneﬁjh : ;

. ysical(gamma rays) and chemicals such as ethyl
The frequency of occurrence of mutation by thealSe  aihane sulfonate (EMS) and methyl methane sui-
mutagen may as higher as 300 times than the ocCulgy 40 (MMS) are most frequently used (Jain, 2005).
rence of natural frequency seen (Waa al., Citrus is a plant that have long juvenility periadd

1991).Hence, attempts have been made to acceleraﬁeedmg of which is restricted by conventional et

the rate artificially using physical and chemlc_al ods due to complication of their genetic systems

?Kayim and Koe, 2006). Although several citrustroo
%tocks have been propagated through tissue culture,
very limited work are reported am vitro multiplica-

tion of rough lemon (Chaturvedt al., 2001). Hence
the availability of an efficient regeneration systés

also a pre-requisite for genetic improvement and ge
Inetic resource conservation. In the present study,

can be regulated by varying the mutagen dose (dand
et al., 2003; Kimet al., 2006) and mutagenic agents
can induce different extensions of genomic lesions
ranging from base mutation to larger fragmentsrinse
tions or deletions(Mackenziet al., 2005; Kimet al.,
2006).

In plants, the response to physical and chemica
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gamma rays in Gray (Gy), ethyl methane sulfonatelation (LDsg). Percent regeneration was calculated by
(EMS) and methyl methane sulfonate (MMS) have standard procedure 6-7 days after culturing. Shoot
been used with the objective to study the effeatani- length (cm) and internodal length(cm) were measured
ous mutagenic treatments amvitro regeneration and with Vernier's Calliper, 120 days after culturinghe

different growth parameters of rough lemon seedling experiment was laid in Completely Randomized Block

Design (CRD) as described by Singhal. (1998).
MATERIALS AND METHODS Microsoft Exel version 2007 was used for statidtica

Seeds of rough lemon were obtained from citrus germanalysis.

plasm block of college orchard of Punjab Agricudtur

University, Ludhiana during the years 2009-10 andRESULTS AND  DISSCUSION

2010-11. Nine increasing dose of gamma irradiationsEffect of gamma radiation: Citrus plant has several
(0,5,10,15,20,25,30,35,40 and  45QGy), EMS natural factors as cause of variability (Ribeirodan
(0,0.1,0.2,0.3,04,05 and 0.6%) and MMS Machado, 2007)In vitro regeneration of epicotyls
(0,0.1,0.2,0.3,0.4,0.5 and 0.6 %) were evaluated fosegments was (significantly at 5% level) decreased
epicotyls segments of rough lemon fully randomiged with increasing dose of gamma radiations (Table 1).
five replicates of 24 epicotyl segments (n=120). The earliest regeneration was observed in 0Gy
After removing the seed coat, seeds were surfare st (control) (7.21 days) followed by 5Gy (10.41 days),
ilized with mercuric chloride (0.1%) solution for 4 10Gy (12.0 days), 15Gy (12.50days), 20Gy
minutes and then the seeds were rinsed thrice witl{15.52days), 25Gy (16.00days), 30Gy (18.61days),
autoclaved distilled water to remove the tracemef- 35Gy (20.51days), 40Gy (22.20days) and 45Gy
curic chloride under Laminar Air Flow Cabinet. Afte (25.21days) treatment. Mean regeneration percentage
sterilization, seeds were sown in Murashige andb§ko was highest in control (98.0) followed by 5Gy (90,5
(1962) basal medium in culture jars. These culturedlOGy (80.25), 15Gy (75.41), 20Gy (70.30), 25Gy
jars were incubated at 25+2°C temperature in dark f (66.52), 30Gy (56.50), 35Gy (48.50), 40Gy (44.12)
two weeks for etiolation. Germination of seedststar and 45Gy (30.00) treatments.

after 6-7 days after sowing. After 4-5 weeks thele ~ The reduction in germination percentage and deday i
ture jars were shifted to light for 16 hours contins  germination of Kinnow seeds due to gamma ray treat-
fluorescent white light (2000lux) followed by a Har ment was also reported by Dhadt al. (2000) and
period of 8 hours. Epicotyl segments(1-2cm loig) Latadoet al. (2001). Most of the ill effects of gamma
vitro grown one month old seedlings of rough lemonradiation treatment followed immediately after trea
were cultured on direct regeneration (MS+BA @ ment and were manifested in terms of decreased
1mglitre’) media in petri plates and submitted to sprouting capacity with increase in the dose (Ragha
gamma rays from the Cob%lsource and then shifted and Ghazvini, 2005). Kumar and Mishra (2004) noted
to the culture jars containing same regeneratiodiane that in okra Abelmoschus esculentus), germination
under controlled laboratory conditions (25+2°C,16 percentage generally decreased with the increasing
hours photoperiod and 2000 lux light). Chemical doses of gamma rays. Reduction in germination per-
mutagenesis was carried out by immersing the epicotcentage with increasing dose of gamma radiation has
yls segments fronm vitro grown one month old seed- also been reported in Pinus (Thapa, 2004), Rye {Akg
lings in filter sterilized EMS(0,0.1,0.2,0.3,0.40and  and Tosum, 2004), Chickpea (Khetral., 2005), Cicer
0.6%) and MMS(0,0.1,0.2,0.3,0.4,0.5 and 0.6%) for 4(Tokeret al., 2005) andCitrus jambhiri Lush. (Sharma
hours in an incubator shaker (25+2°C,70 r.p.m.prirh et al., 2013; Saini and Gill, 2009; Kaur and Rattanpal,
epicotyls segments were rinsed with autoclaved dis-2010).

tilled water thrice to remove the traces of mutagen Mean shoot length and internodal length (signifitan
Treated epicotyls segments along with control (120at 5% level) decreased with increasing dose of gamm
epicotyl segments per treatment) in each set oéexp radiations(Table 1).The maximum shoot length and
ments (EMS and MMS) were cultured in culture jars internodal length were observed in control (5.83cm
containing direct regeneration media (MS+ and 2.20cm respectively) and minimum in 45 Gy
BA@1mglitre™) under controlled laboratory condi- (2.30cm and 1.20 cm respectively). Similarly, Ker-
tions(25+2°C,16 hour photoperiod and 2000lux light) kadze (1985) and Khokhar (1998) observed the de-
In above three experiments, data was recorded forrease in mean seedling height and internodal tengt
number of days taken for regeneration, per cerdgrreg Wwith increasing gamma radiation doses in citrus: Re
eration ,number of buds ,number of shoots, shooduction in plant growth and shoot length was akso r
length(cm),number of leaves, internodal length(cm),ported in kinnow seedlings (Legave al.,1989 ;
length of main roots(cm) and number of secondaryWaqaret al.,1992) andCitrus jambhiri Lush. seed-
roots. LDy, doses were optimized by taking into ac- lings (Kaur and Rattanpal, 2010). Radiation treatisie
count the regeneration of epicotyl segments. The-fo probably induced certain changes at genetic lehadl t
cast analysis (Microsoft Exel) was used to caleulae  ultimately get reflected in the substances thajgert
lethal mutagen dosage required to kill half of popu-  biochemical processes controlling different aspedts
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the growth. Such substances were identified amauxi germination as well as reduction in seed germinatio
gibberellins, ethylene and abscisic acid, callegitggh  percentage with increasing EMS doses was also re-
hormones, initiate biochemical reactions and induceported in acid lime (Jawaharlat al.,1992) , kinnow
changes in chemical composition, there occur chenge(Khokhar,1998) andCitrus jambhiri Lush (Kaur and

in chemical patterns which lead to various modifica Rattanpal,2010; Sharne al., 2013) . The sprouting
tions and variations in plant characters such éghhe capacity of the seeds fall and they show poor geami
branching, stem thickness and flowering etceteration after EMS treatment was reported due to tfecaf
(Whittwer, 1971) on cytochrome oxidase content, thus reducing tke re
Similarly, number of buds, number of shoots, numberpiration and hence causing death of the seeds -or de
leaves, root length and number of secondary rootdayed germination in barley and wheat (Swaminathan
(significantly at 5% level) decreased with incre@ise et al., 1962). The presoaking of seeds was also re-
dose of gamma radiations (Table 1). Maximum num-ported to increase the vulnerability of seeds toEM
ber of buds, shoots, leaves, secondary roots amid ro The actively dividing phase gets drastically aféecso
length (35.10, 30.15, 10.50, 17.12 and 8.75 cme@sp that no germination occur due to alteration of gghe
tively) was recorded in control followed by 5Gy and or gene complexes (Singh and Singh, 1989). Chromo-
minimum (12.00,8.51,3.50,7.00 and 4.40 cm respecsomal aberrations may also occur due to EMS treat-
tively) in 45 Gy treatment. Number of leaves and pr ment which prevents healthy and quicker seed germi-
mary root length were also decreased with incrgasin nation.

dose of gamma radiation i€itrus jambhiri Lush. Mean shoot length and internodal length decreased
(Kaur and Rattanpal; 2010 Sharmat al., significantly at 5% level with increasing dose d¥I&.
2013).Reduction in number of leaves and branches imThe maximum shoot length and internodal length were
Kinnow (Khokhar,1998), and root growth and shoot observed in control (5.66cm and 2.65cm respectjvely
elongation in grapefruit (Kawamuet al., 1989) was  followed by 0.1% and minimum in 0.5% (2.51cm and
also observed with increasing dose of gamma rays0.71cm respectively). The reduction in mean segdlin
The radiation was reported to cause malfunctiomihg height because of increasing treatment doses gas al
various phyto-hormones and cause changes in chemreported in apple (Sharma and Sharma, 1996) , rice
cal patterns leading to morphological variations by (Gupta and Sharma, 1994) a@itrus jambhiri Lush
Swaminathan (1965). Radiation treatments also causéaur and Rattanpal, 2010) . Khokhar (1998) reedrd
quantitative as well as qualitative alteration e the-  lower seedling height, internodal length, leaf nemb
reditary material. The morphological effects due toand number of branches per seedling in Kinnow man-
radiation have been reported in stem, leaves, heenc darin. Mallick et al. (1978) suggested that variation in
and even fruits (Sparrow and Gunckel, 1956). Kaurone or more characters might have been due tousrio
and Rattanpal (2010) and Sharmiaal. (2013) re- mutagenic effects such as mutation of genes, brgaki
ported that inCitrus jambhiri Lush., with increasing of tightly linked regions and crossing over withiese
dose of gamma radiations, the plant height, nurober regions, enhanced recombination, individual or m-co
leaves and primary root length were decreased. Sairbination of two or more such effects. The depragsin
and Gill (2009) observed that @itrus jambhiri Lush., effect of EMS on seedling height and other characte
with increasing dose of gamma radiation treatment,in present study might have been due to other physi
seedling height was decreased. These are generallggical damage or due to any of the reasons cited
recessive to the normal type, thereby suggestiag th above.

the mutations induced are due to destruction of theSimilarly number of buds, number of shoots ,number
gene(s). The variability for number of leaves anthn  leaves, root length and number of secondary roets d
ber of branches per seedling was also reportedig-C  creased significantly at 5% level with increaselase
santhemum (Datt&t al., 2005) andLepium sativum of EMS(Table2 ).Maximum number of buds, shoots,
( Majeedet al., 2010). On the contrary, no such vari- leaves, secondary roots and root length
ability was reported by Jawaharktlal. (1992) in acid  (35.20,30.10,9.0,15.0 and 8.50cm respectively) was
lime thereby indicating varietals or genetic spettif recorded in control followed by 0.1% and minimum
of each genotype to radiations. (10.00,4.20,3.31,3.15 and 3.10 cm respectively) in
Effect of Ethyl methane sulfonate (EMS): The num-  0.5% treatment. Similarly, Khokhar (1998) reported
ber of days taken for regeneration and percentnrege that with increase in the dose of EMS, number of
eration were significantly affected at 5% level lwit leaves and branches were decreased. Variations for
increasing doses of EMS. (Table2). In control (0%), different morphological characters were probablg du
epicotyls segments were regenerated in 7.00 days anto phenotypically constructive multidirectional raut
regeneration percentage was 98.11. However withtions of polygenes caused by mutagen EMS. The vary-
0.1% EMS concentration, number of days taken foring response of plants after EMS treatments may be
regeneration increased to 13.53 and germination reattributed to the differential sensitivity of difent loci
duced to 75.33. But seed germination was totally in among the genotype for same or different characters
hibited at 0.6% EMS dose. Similarly, the delayéed  With increasing dose of EMS treatment, the percent
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18.00

Number of
secondary
roots
2214
5011

8.62
7.11
6.00

Primary
r oot
length
(cm)

2.71
1.75
1.61

Internodal
length
(cm)

9.00
6.82
5.75

of

Number
leaves

(cm)
5.41
4.80
4.21

Shoot

length

Number
of
shoots
31.10
24.52
17.25
14.82

Number of
buds
32.45
27.13
22.35

Percent.
regeneration
97.00
76.15
68.37
50.24
35.12

Number of days
taken for
regeneration
7.22
14.00
16.20

Treatment
(Doses
of MMS)
0%
0.1%
0.2%

Table 3. Effect of Methyl Methane Sulfonate (MMS) on timevitro growth of epicotyl segments of rough lem@iti(us jambhiri Lush.)
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germination, plant height, internodal length, numdie
leaves and primary root length were decreased -as re
ported inCitrus jambhiri Lush.( Kaur and Rattanpal,
2010 ; Sharmat al.,2013) .

Effect of Methyl methane sulfonate (MMS): The
number of days taken for regeneration and percent
regeneration were (significantly at 5% level) aféet

o — with increasing doses of MMS (Table 3). Epicotyls
segments were regenerated in 7.22 days and regenera
tion percentage was 97.00 in control (0%). Withee.1
MMS concentration, number of days taken for regen-
eration increased to 14.00 and germination was
76.15%. At 0.6% MMS dose, seed germination was
totally inhibited.

Mean shoot length and internodal length decreased
significantly at 5% level with increasing dose oM@.

The maximum shoot length and internodal length were
observed in control (5.41cm and 2.71cm respectjvely
followed by 0.1% and minimum in 0.5% (2.40cm and
0.60cm respectively). Veleminsky et al. (1975) re-
ported that MMS treatment to the non-germinating
grains of barley also induced the reduction of geam
tion and seedling height.

Similarly, number of buds, number of shoots ,numbe
leaves, root length and number of secondary roets d
creased significantly at 5% level with increasalase

of MMS (Table 3).Maximum number of buds, shoots,
leaves, secondary roots and root length
(32.45,31.10,9.0,18.0and 8.62cm respectively)was
recorded in control followed by 0.1% and minimum
(8.0,3.22,3.0,3.0 and 3.0 respectively) in 0.5%attre
ment. Gad and El-Sawah (1985), while working on
peas observed that MMS treatment on dry seeds of
peas reduced the seedling height with increasisg.do
Sharmaet al. (2013) reported that i€itrus jambhiri
Lush., with increasing dose of MMS treatment, the
percent germination, plant height, intermodal léngt
number of leaves and primary root length were de-
creased.

LDs, the dose required to kill half of the tested popu
lation corresponded to 35Gy for gamma radiation,
0.3% each for EMS and MMS treatments as per fore-
cast analysis done in Microsoft Excel(Table 1, & an
3). The LDy value of gamma rays and EMS for Kin-
now seeds was found to be around 10kR and 0.4 per
cent, respectively by Dha#t al. (2000). Wagaret al.
(1992) reported it to be 10 kR for Kinnow and Hearn
(1984) found it to be between 10 and 15 kR for Pine
apple sweet orange seeds and 15 kR for Duncan-grape
fruit seeds and thus concluded that 4gls specific for
each variety. Varying value of Lgpdose in different
citrus cultivars was also reported by Hensz (1971).
Similarly, Dhattet al. (2000) reported that L§g dose

for Kinnow seed with gamma rays slightly less thén

kR.

3.00

62 7

60 4.
0
1.41

5.23
4.50
3.00
1.23

1.42
1.00
0.60
0.46

4.62
3.71
3.00
1.42

3.50
3.15
2.40

0.95

10.00
3.22
2.34

2.31

18.00
13.10
8.00

11.00
2.67

0
2.00

20.15
24.21
26.20

0.3%
0.4%
0.5%
0.6%

Conclusion

CD (5%)

The mutation treatments did not improve the epicoty
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segments regeneration and seedlings growi@itirus
jambhiri Lush. It caused severe reduction in percent

Sukhjit Kaur/ J. Appl. & Nat. Sci. 7 (1) : 459 — 465 (2015)

frequency of herbicide resistan&ant Physiology.131:
139-146.

regeneration and seedling growth of epicotyls Seg_.]awaharlal, M.,Sambandamorthy, S. and lrulappgi9p2).

ments with increase in mutagens dose. Therefore, 35
Gy for gamma radiations and 0.3% each for EMS and
MMS treatments might be considered as optimum dose,,,
(LDsg) for percent regeneration because beyond this

dose, there was a gradual decrease in percenterggen
tion and seedling growth parameters.
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