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ABSTRACT

The roles that fire smoke play in the release of dormancy, germination and seedling growth has been previously
examined in different studies. More than 100 compounds were identified in smoke and some of those are known to
have physiological effects on plants. In this study, we tested genotoxicity of synthesized butenolide using
concentrations of 0, 25, 50, 100, 250, 500 and 1000 ppm. Both, low and high concentrations appeared chromosomal
aberrations of meristematic cells of Allium cepa L. The bioassay test showed that physiological and clastogenic
abnormalities, such as sticky metaphase and anaphase bridges, were found. There were decreases in means of
mitotic index at different concentrations.
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INTRODUCTION

Fire has the ability to produce flames which sentlleat and light as well as smoke, which can meid as the
grey, black or white mixture of gas and carbon thairoduced when something burns. One of the neffiegts of
fire is exposing seeds in the soil to the environtakfactors (Van Stadest al. 2000). Different stages of plant life
such as seed germination, seedling establishmiemalss, plant mortality...etc. are affect with the fiThus, there
is an important positive effect of fire on the cenation and restoration of plant communities (Retaal., 2000;
Flemattiet al., 2004).

As it mentioned above, fire produces smoke, HoweDerLange and Boucher (1990); Brown (1993) andi®ad
and Morse (1994) reported that in the early 1960spke was identified as a vital germination cugast-fire
conditions. Moreover, smoke enhances germinatioallirseed dormancy classes (Baskin and Baskin 1898)
noticed in laboratory and field conditiorRlants may use smoke as an environmental cuettaténother adaptive
metabolic and growth responses (Caldeal. 2010). The influence of smoke on plant emergenacges from
dramatic increases (e.g., 48-fold increases) (Digbal. 1995, Rocheet al. 1997) to no effect (Coates 2003).
However, excessive accumulation of concentrati@msabstruct germination for some species (Digbal., 1995;
Wills and Read, 2002; Bhalla and Sabharwal 1972oDét al. 1995, Piercet al. 1995).

Since 1990, the roles that smoke play in the relezsfsdormancy, germination and seedling growth baen
examined. More than 100 compounds were identifieshioke (Radojevic 2003) some of those are knowrate
physiological effects on plants, including 0580, and NQ (Keeley and Fotheringham, 1997). In 2004,
germination-active compound, a butenolide, wastifled from plant-derived smoke (Van Staderal. 2004) and
burned cellulose (Flemattt al. 2004). Butenolide (3-methyl+2furo [2, 3€]pyran-2-one) is a compound in smoke
that induces germination (Flemagtial. 2004 ). It is unknown how the seed perceiveshilienolide but there is
evidence that it triggers germination by facilitgfiuptake of water (Jaet al. 2008).
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Genotoxicity, which refers to the ability of substas to induce a change in the amount or strudfigenetic
material, was widely studied for different compositte pesticides (Reddi and Reddi 1985). Roosyistems of
various plants have been widely used for deterrgittie harmful effects of mutagens (Khilman 1975; &na Grant
1982; Rank and Neilsen 1994), Altium test is a very good bioassay plant for chromosdameage in mitosis by
chemicals (Gukt al., 2006). A little is known about genotoxicity of simesized butenolide to higher plants. The
guestion was; is the effect concentration depertd&nt if so, how can butenolide affect the plastpecially when
seed germination and seedling development inhibitdte thought that destroying the genetic materdatedls
might behind the effect, in addition, the othertéas which reported in the literatures. In thisdstuve tested the
genotoxicity effects of different concentrationsbotenolide using bioassay testAfium cepa L.

MATERIALSAND METHODS

Chemicals:

Concentrations of 0, 25, 50, 100, 250, 500 and 1f}¥@ of synthesized butenolide (ALDRICH, Germanyrev
prepared and kept in the refrigerator in dark ffasktil they used. Chemicals for chromosomal stigiere also
prepared and used including: 70% ethanol, 1:3 ethanglacial acetic acid, 1NHCI, 40% acetic aciti aceto-
orcen pigment

Chromosomal study of onion plant:

The plant material used for the genotoxicity teas@lium cepa L. (2n=16), the seeds were treated by soaking for
24 hours in different concentration of butenoli@e25, 50, 100, 250, 500, 1000 ppm. After germorarocess,
root tips were fixed in Carnoy for 1 hour and hygized in 1 N HCI for 11 min using water bath at®D This was
followed by the preparation of crushed materiahvdteto orcein for 1 hour dying method. Three sliftem each
treatment and control were examined. The mitotdeinwas determined for each treatment and the mpeesef
chromosomes abnormalities were also evaluated.i&r@000, 2653 cells were counted for both evalunatio

Statistical analysis:

The mitotic index and percentage of chromosomeratiens were obtained by the mean of four repetitiof each
treatment. The data were submitted to one-way aizabf variance (ANOVA) and comparison betweenrtteans
of treatments with the means of control was peréatmsing the Tukey test (p<0.05).

RESULTS

Effect of butenolide on mitoticindex (M 1):

The results in figure (1) show the effect of difet concentrations of butenolide on M | for mens#ic cells of
Allium cepa L. after 24 hours. There were decreases in means b&tve5, 50, 100 and 1000 ppm of butenolide
concentration when they compared to control. Howelre increase of M | was clearly appeared at 2% 300
ppm. Statistical analysis showed no significanéetfbn (MI) between all the treatments.

Mutations of Allium cepa L. treated seeds:

The results showed that the all concentrationsh(fdg low) of butenolide used in the present studguced
important abnormalities oAllium cepa L. during mitotic division, when they compared ¢ontrol condition
(Figurel B). The increasing of aberration is claar500 ppm in prophase. At 50 and 100 ppm of bluig®o
metaphase appeared the high mean of aberratioravdtage of aberration in prophase ranged fromd@ucontrol
treatment to 161.5 under 500 ppm, and there wasfisiant effect when p < 0.01. Metaphase aberrativerage
was varied from O under control condition to 60 @n80 and 100 ppm of butenolide concentrationpedsely
with high significant when p < 0.001. Abnormalitglis in anaphase and telophase stage were decrelsed
average of anaphase aberrations was ranged betesn control condition to 2.5 at 500 and 1000 ppm
concentrations. And it was ranged from 0.0 undgoptn control condition to 7.6 for 500 ppm in telopba
Statistically, no significant effects were reflattghether in anaphase or telophase.

The most common abnormalities as shown in Plated12avere: early condensation in prophase, highieosation

in prophase, sticky metaphase, c_ metaphase agtd¢aghromosome, binucleated cells and multipleleated
cells, anaphase bridges and telophase bridges.
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Figure (1). Effect of different concentrations of butenolide on (A). Mitotic index and (B). abnor malities of prophase, metaphase,
anaphase and telophase. (+ = Not significant, **=Significant at p < 0.01, *** = High Significant at p < 0.001, Bars=SE Mean)

High condensation in prophs Early condensation in proph:
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Lagging chromoson Sticky metapha:

Bi and multiplenucleated cell C- Metaphas

Platel: The physiologica abnormalities of treated meristimic cellsof Allium cepa L. Most mutationswere appeared at all concentrations
of butenolide at prophase, which lead to death of cell at the end

Telophase bridge Anaphase bridg:

Plate2: Telophase and anaphase bridges which appeared as clastogenic abnor malities when seeds of Allium cepa wer e treated with
different concentrations of 0to 1000 ppm of butenolide

DISCUSSION

Results showed that the different concentrationsudénolide had an inhibition effect on Mitotic d(Ml) at 25,

50,100 and 1000 ppm concentrations but; at 250680dppm, there were increases in Ml (Figurel Ak Téason

behind decreasing M| weré¢opping the cells in phase G2 and prevent themmterghe stage M of the cell cyc

(Steinkilner et al., 1998), or breakdown of DNA and inhibition gerteramf DNA (EL_Yassiri, 2008). In thi

research, the mutation effect at different con@tiuns of btenolide on root tips oAllium cepa L. can be shown
and mutations can be calculated after soaking seelstenolide concentrations for 24 hours. Thelgttevealec

that most mutations were in prophase stage (FigBje Accordingto appearing mutatiorin division meristimic
cells of Allium cepa L., the effect of different concentrations of butédelcan be classified 1
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Physiological abnormalities, which include earlyndensation in prophase, high condensation in pmhsticky
metaphase, c_ metaphase and lagging chromosonue]dsted cells and multiple nucleated cells. Anldségenic
abnormalities include anaphase and telophase lxidge

In general, stickiness of chromosome leads to defatell (Fiskesjo, 1995). Hear, stickiness migatome as result

of effected chromosomal protein because of butdaoloxicity. Adhesion of chromosomal protein in phase
cause bridges (Hassan, 2000). This can be notleadlcin figure (2). The appearance of bridgegméfg to the
ability of butenolide causing broken chromosomésg, ¢mergence of broken chromosomes indicated tieetdi
interaction of butenolide with DNA. Armbrustet al., (1991) reported that scattered chromosome résutt
decreasing ATPs which chromosomes utilize in theivement. The migration of dicentric chromosomesatal
opposite spindle poles resulted in telophase stmgéridges (Figure2) due to butenolide effect. Fdion of
binucleated and multiple nucleated cells is a testillinterference between chemicals and cell waiiriation
(Baeshinet al., 1999). We suggest that butenolide has thistgkild thus, these cells appeared clearly when the
Allium treated with this compound. Appearance of earlg high condensation in prophase pointed out to the
reaction of butenolide with histone protein durimitotic division (Grant, 1978, Topaktas and Rengzdari,
1991). These chromosomes appear short and thickifigsse 2).

Acknowledgment
We would like to thank Dr. Fawzya AlGarabolli, tlyenetics Professor, Department of Botany, Universft
Benghazi, for her assistant during this research.

REFERENCES

[1] Armbruster, B. L., W. T. Molin and M. W. BugBjochem., 1991, Phys. 39: 110-120.

[2] Baeshin, N. A., EL-Seoudy, K. A.A and Al-Nunadi, M, Jam. Pakistan, 1999, 113 — 118.

[3] Baldwin, I.T., Morse, L, Up in smoke. . Chem. Ecoal., 1994, 20: 2373-2391.

[4] Baskin, C.C., Baskin, J.M., Seeds, Ecology Biogaphy and Evolution of Dormancy and Germinati©®98,
Academic Press, San Diego.

[5] Bhalla, P.R., and P.S. Sabharwehyironmental Pollution,1973, 4: 237-242.

[6] Brown NAC.,New Phytol., 1993, 123: 575-583.

[7] Calder, W. J, Lifferth, G., Moritz, M. A., Clari,.B. S., Physiological effect of smoke exposuredeniduous
and conifer tree species, Forestry Resea&@h).

[8] Coates, T.D.Ecological Management and Restoration, 2003, 4: 133-139.

[9] Crosti, R., Ladd, P.G., Dixon, K.W., Piotto, Bgrest, Ecol. Manage 2006, 221: 306—312.

[10]De Lange JH, Boucher CSAfr J Bot., 1990, 56: 700-703.

[11]Dixon KW, Roche S, Pate J®¢cologia, 1995, 101: 185-192.

[12]El-Yessiri, S.M., Genotoxic Effect of Nickle Sulé&aton The Dividing Cells Using Allium cepa and
Saccharomyces cerevisiae, M. sc. Thesis, Univ.asf/@uis Faculty of scienc2008, Benghazi, Libya.
[13]Fiskesjo G.,Meth. Moal. Biol., 1995, 43: 119-127.

[14]Flematti GR, Ghisalberti EL, Dixon KW, Trengove R{R004). Science. 305:977.

[15]Grant, W.F., Chromosome Aberration in plants as itodng system, Environmental Health Perspectives,
1978, 27: 37-43.

[16]Gul T, Kaymak F, Muranli F D G, Genotoxic EffectsAvenoxan on Allium cepa L. and Allium sativum L.,
Caryologia, 2006, (3) : 241-247

[17]Hassan, H.Z.Conf. Biol. Sci., 2000,7 (8): 448-446.

[18]Jain N, Ascough G D, Van StadenJaurnal of Plant Physiology, 2008, 165:1422—1427.

[19]Keeley, J.E., Fotheringham, C Hcology, 1997, 79: 2320-2336.

[20]1Khilman B.A., Mutation Research, 1975, 31: 401-412.

[21]Pierce, S.M., K. Esler, and R.MDgcologia, 1995, 102: 520-522.

[22] Radojevic, M. Pure and Applied Geophysics,2003, 160: 157-187.

[23]Rank J. and M.H. NielseMutation Research, 1994, 312: 17-27.

[24]Read, T.R., S.M. Bellairs, D.R. Mulligan, and Dnhla, Austral Ecology, 2000, 25: 48-57.

[25]Reddi T.V.V.S. and V.R. Reddi, Cytologiafifectsof chemicalmutagensn rice Cytologia,1985, 50:499-405.
[26]Roche S, Koch JM, Dixon KW .Restor Ecol., 1997, 5: 191-203.

[27] Steinkellner, H., Mun-Sik, K., Helma, C., Ecker, $a, T.H., Horak, O., Kundi, M and Knasmuller, S.,
Environ. Mol. Mutagen., 1998, 3: 183-191.

[28] Topaktas, M and Rencuzogvullari, Eytologia, 1991, 56 (3): 419-424.

[29]Van Staden, J., N.A.C. Brown, A.K. Jager, and TIéhnsonPlant Species Biology, 2000, 15: 167-178.
[30]Wills, T.J., Read, JAustralian Journal of Botany, 2000, 50: 197-206.

12
Pelagia Research Library



