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Resume. Amber 33 and Amber Baghdad rice seeds were presoaked in 1.5mM of Sodium azide (SA) for 4 hrs which
is the optimum dose for mutagenesis with SA that caused 40% reduction in seedlings height. This dose gave the highest
genetic variation and less sterility in both genotypes. Calli from both SA treated and non-treated genotypes were induced
from mature embryos on appropriate medium while cell suspension cultures were initiated by placing about 100 mg callus
pieces into 250 ml flasks containing 100 ml of Murashige and Skoog (1962) medium (MS) supplemented with 0.5mg/I kin
(Kinetin) and 2.0 mg/l 2,4-D (2,4-Dichlorophenoxyacetic acid), then placed on a rotary shaker at 100 rpm for 30 days.
Growth curves of cell suspension cultures were examined during a range of culture periods 0, 5, 10, 15, 20, 25 and 30 days.
In all cell lines, the growth rates of cells were initially slow but as the culture proceeded, they increased and accumulated
great amounts of biomass over a period of 20 days. The best inoculums for cell plating were determined by plating aliquots
of 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 and 4.0 ml of cell cultures into 20ml solidified MS medium poured into Petri dishes. Packed cell
volume (PCV) and the number of colonies were recorded after four weeks of cell plating. Inoculums convenient for cell
plating were inoculated into MS medium supplemented with different concentrations of PEG6000 (0.0, 0.5, 1.0, 1.5 and
2.0%) for screening and selecting cell lines tolerant to drought. Shoot formation was induced on MS medium supplemented
with NAA (Naphthaleneacetic acid) and 1AA (Indole 3-acetic acid) at 0.5 mg/l and 4.0 mg/l BA (Benzyle adenine). Proline
and carbohydrate concentrations were determined in regenerated shoots of plated cell suspension cultures. Results showed
no significant differences between the two genotypes in respect to PCV, mean no. of colonies after screening on different
PEG concentrations, mean no. of shoot/cell aggregate. While these parameters significantly increased at 1.5 mM SA treated
genotypes compared with untreated. Results also revealed a significant reduction in mean no. of colonies, mean no. of
shoot/cell aggregate with the increasing of PEG concentration especially in SA non-treated genotypes.

AHHOTauus. CemeHa prica COPTOB ‘AHTapHbIA 33’ 1 ‘AHTapHbI Bargaackuia’ 6bnm NpeaBapuUTeNlbHO 3aMOYEHbI
B 1.5mM a3sunga HaTpusa (AH) B TeueHMe 4 YacoB, KOHLEHTPaLMM ONTUMa/IbHOM ANsi MyTareHes3a ¢ SA, BbI3bIBatOLLErO
CHWXXeHVe BbICOTbI paccagbl Ha 40%. 3Ta [03a fana CcaMylo BbICOKYH TEHETUYECKYID M3MEHYMBOCTb M MEHbLUYIO
CTepusibHOCTL B 060mMx reHotunax. Kanintocbl 0T 060Mx 06paboTaHHbLIX UM HeobpaboTaHHbIX AH reHoTMnoB 6blv
Bblfe/IeHbl 13 3pesbiX 3apofdbllleli Ha COOTBETCTBYHOLLE Cpede B TO BPEMS Kak CYCMEH3WOHHbIe Ky/bTypbl K/1ETOK
MHULMMPOBaK, nomeLLiast okosio 100 Mr KycoukoB kasiitoca B 250 M Konby, cogeprkatiyto 100 mn cpegbl Mypatuvra mn
Ckyra (MC) (1962) ponosnHeHHyto 0.5 mr/ n knHetuHan 2.0 mr/n 2,4-D (2,4-anxnopoheHOKCMaLeTUIoBast KACNOTa), a
3aTeM MOMELL/IM Ha POTOPHBbIN Leiikep Npu ckopocTt 100 060poToB B MMHYTY B TeueHue 30 gHeld. KpuvBble pocTta
K/IETOYHOW CyCMEeH3UN Ky/bTyp ObI/IN pacCMOTPEHbI B TEUEHME psifa NepUoAoB KynibTnemposaHus - 0, 5, 10, 15, 20, 25 n
30 aHeli. Bo Bcex KMETOUHbIX IMHUSIX, TEMIbl POCTa KIETOK OblIN MepBOHAYa/IbHO MeA/IEHHBLIMMW, HO, C NMPOAO/HKEHVEM
Ky/IbTVBMPOBaHWS, OHWN YBETMYWIUCL U B TedeHVe 20 AHeN Hakanjveanu 60/ibLUOe KOAMYecTBO 6Gromacchl. Jlydive
VHOKY/IAIHTbI 419 NOKPOBHbIX KNETOK OMNpeaensnu rnyTem BbiceBa onpefeneHHoro konudectsa (1.0, 1.5, 2.0, 2.5,3.0,3.5un
4.0 M) KNeTOYHbIX KynbTyp B 20Mn 3aTBepaeBatoleiMC cpegbl HasiMBaeMol B 4allky [eTpu. emMaToKpuTHas
BenMumnHa (MTKB) 1 KOIMYECTBO KOSIOHWIA PerncTpupoBa/in Mocne YeTbipex Hefdenb. VIHOKYNSAHTbI COOTBETCTBYHOLLME
MOKPOBHBLIM K/eTKaM Obinn BHegpeHbl B MC cpefly, [OMOMIHEHHYHO Pa3/IMyHbIMU KOHUeHTpaumamu PEG6000 (0.0, 0.5,
10, 15 n 2.0%) ANA CKPUHWHIa M 0T60pa KIETOYHbIX JIMHWIA, YCTOMYMBBLIX K 3acyxe. O6pa3oBaHWe OTPOCTKOB
nHAyumposanu Ha MC cpege, fONONHEHHOW HATa/IMHYKCYCHOM KMUCIOTOM 1 MHA0M0M 3-YKCYCHOWM KUCOoTbI B fo3ax 0.5
Mr/n v 4.0 mr/n 6eH3un ageHnHa. KoHUeHTpaummn NposviHa 1 yriieBo4oB ONpeaenisinm B noberax cchopMypoBaBLLMXCS U3
BbICEAHHbIX Ky/IbTYP K/IETOYHOM CycrieH3un. Pe3ynbTaTbl MOKasaM OTCYTCTBME CYLLECTBEHHbIX PasMunii - Mexay
3TUMK ABYMS FEHOTUMaMW MO OTHOLLIEHMIO K TKB, HY B Yuc/ie KO/TOHWUIA NOC/1e CKPUHWHIA Ha Pas/INYHbIX KOHLEHTpaLmsx
nonuatuneHrnukonsa (M3l), HX B COOTHOLUEHWUW HarofHUTENb / KNEeTKW Moberos. B To BpeMsa Kak aTW MapameTpbl
3HauMTENbHO yBeNMuMancs B 1,5 mM AH o6paboTaHHbIX FEHOTUMOB MO CPaBHEHWMIO C HeobpaboTaHHOW. Pe3ynbTarbl
TaKoke NOKa3a/M 3HAUNTENbHOE CHUDKEHME CPeAHEro 3HaYeHWs YMCa KOJIOHWUIA, YMcia BCXOA0B Ha KNIETKY CyBETMYEHNEM
KOHLeHTpauumm M3l7, ocobeHHO y reHOTMMOB HeobpaboTaHHbIX AH.
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KntoueBble crioBa: reHOTUMMYecKue CbOprI puca, CyCneH3nnm KNeTovHbIX Ky/bTyp, 3a0yX0yCTOI7'IHMBOCTb.
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Introduction

When callus cultures are introduced into a liquid medium and agitated, the cells disperse
throughout the liquid to form a cell suspension culture [Allan, 1996]. As new cells are formed
they are dispersed into the liquid medium and become clusters and aggregates. Cells in
suspension exhibit much higher rates of cell division than do cells in callus cultures. Thus, cell
suspension offers advantages, when rapid cell division or many cell generations are desired, or
when a more uniform treatment application is required [Philips et al., 1995]. Plant cell culture
techniques facilitate the rapid production of variant cell lines via selection procedures, very
similar to those employed in microbial systems. These variant cell lines are useful for research
into the genetics and biochemistry of plant cells and also in biotechnology for the production of
new plant cultivars and secondary metabolites. Selection techniques have the potential for the
production of crop cultivars with new characteristics such as salt tolerance [Freytag et al., 1990],
herbicide resistance [Saunders et al., 1992], cold tolerance, disease resistance and metal
tolerance [Cresswell, 1995].

Plating technique has made it possible to handle many cells at a time and obtain single
cell clones. The effectiveness of Bergmann's technique of plating filtered cell suspensions in agar
medium has been confirmed using of tobacco cells [Gibbs, Dovgall, 1963], Huplopuppus gracilis
and carrot cells [Blakely, Steward, 1964]. Jelodarl et al., 2002] regenerated rice from cell
suspension protoplast of two Iranian cultivars. Lee et al., 2004] investigated that rapidly
proliferating rice cell suspension culture could be established and characterized by
Fluorescence-Activated Cell Sorting Analysis. He-Chun [2011] studied the effect of plant growth
regulators on the biomass yield of cell suspension culture in rice.

Mutations have been reported with tissue cultures of barely, wheat, rice, oat, tobacco and
corn. Induced mutations have played an important role in improving various plant characters in
different crop species. The characters in which improvement has been achieved include yield,
disease resistance, drought tolerance, earliness, adaptability and other morphological
characters. The mutagen of choice in many cultivated plants is HN3, formed from SA buffered at
pH 3. Azide is only marginally mutagenic for humans and animals and Arabidopsis, it is
therefore quite safe to use [Ahmad, 2005].

Materials and methods

Seeds of two rice genotypes Amber 33 and Amber Baghdad were surface sterilized with
2.5%sodium hypochlorite and then washed in distilled water for three times. Callus was induced in
MS medium supplemented with 0.5 mg/l kin and 2.0 mg/l 2,4-D. Cell suspension cultures were
initiated by placing about 100mg callus pieces into 250ml flasks containing 100ml of MS medium
supplemented with the same combination of growth regulator as in callus induction medium, and
the flasks were placed on a rotary shaker at 100rpm for 30 days. Growth curves of cell suspension
cultures were determined during a range of culture periods O, 5, 10, 15, 20, 25 and 30 days for both
genotypes, aliquots of 10ml suspension cultures were transferred to 15cm3graduated test tubes,
centrifuged at 1500 rpm for 5 min and then the Packed Cell Volume (PCV) was recorded [Ibrahim,
1990].The best inoculums for cell plating were determined by plating aliquots of 1.0, 1.5, 2.0, 2.5,
3.0, 3.5 or 4.0 ml onto 20 ml solidified maintenance medium poured into Petri dishes. Packed cell
volumes and number of colonies were recorded. Inoculums convenient for cell plating were
inoculated into MS medium supplemented with different concentrations of PEG6000 (0.0, 0.5, 1.0,
1.5 or 2.0%) for screening and selecting cell lines tolerant to drought. Numbers of colonies were
recorded with five replicates for each treatment. Shoot formation was induced on an MS medium
supplemented with 4.0 mg/l BA and 0.5 mg/l of both NAA and IAA. The effect of genotypes, PEG
and SA were examined on the basis of mean no. shoot/cell aggregates.

A Completely Randomized Block Design (CRBD) was implemented to study the investigated
factors. Data were statistically analyzed. Means were compared between treated and non-treated
samples atp<0.05 [Steel and Torrie, 1982].

Results

Determination of cell cultures growth curve.
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Figures 1, 2, 3 and 4display the typical growth curve of cell suspension cultures of
JTwberas and Amber Baghdad genotypes. PCV increased over time showing the lag phase at the
first 5 days then the exponential, followed by linear phase for the period 8-15 days after
inoculation. This was followed by clear progressive deceleration phase, and then cells entered
the stationary phase at day 20. Finally, cells started deterioration after day 20 and started
senescence. While there was a clear delay in the exponential phase, which occurred at day 10 for
non-mutated Amber Baghdad genotype, and no clear progressive deceleration phase appeared
within mutated Amber33 cell suspension growth curve since cell suspension showed long
stationary phase. Also there was a clear delay in the exponential phase of mutated Amber
Baghdad growth curves which occurred at day 11 after inoculation.

Determination of inoculums size.

Results displayed in table (1) show that mean no. of colonies significantly increased with
the increasing PCV. Values recorded3.4, 5.0, 7.0 and 8.6 mean no. of colonies in 0.25, 0.3, 0.35
and 0.4 PCV respectively for 1.5 mM SA non-treated Amber33. The same trend was found in 1.5
mM SA non-treated Amber Baghdad. The minimum inoculums (PCV) that gave the highest
mean no. colonies was 0.25 PCV for both genotypes at 1.5 mM SA non-treated genotypes that
values were 3.4 and 2.0 PCV for Amber33 and Amber Baghdad cell cultures respectively.

Days
Fig. 1. Cell suspension growth curve of 1.5 niM
SAnon-treated Amber 33, initial weight 100 mg
Puc. 1. KpuBas pocTta KeTOYHO CycrneH3um
'AHTapHbIN 33', He 06paboTaHHOM 1.5 MM
asnja HaTpus, HavaslbHbI Bec 100 Mr

Fig. 2. Cell suspension growth curve of
1.5 mM SA non-treated Amber Bagdad, initial
weight 100 mg.
Puc. 1. KpuBasi pocTa KNeTO4HO CycneH3um
'AHTapHbIV Bargaackuin', He obpaboTaHHOM
1.5 mM a3unga HaTpus, Ha4asbHbIV Bec 100 Mr

Fig. 3. Cell suspension growth curve of
1.5 mM SA treated Amber 33, initial weight
100 mg
Puc. 3. KprBasi pocTa KNeTouHOWM cycneH3numn
'AHTapHbIN 33", 06paboTaHHOM 1.5 mM asnga
HaTpus, HavasbHbIN Bec 100 mr

Fig. 4. Cell suspension growth curve of
1.5 mM SA treated Amber Baghdad, initial
weight 100 mg
Puc. 4. KpmnBas pocTa KNeTOUHOW CcycrneH3um
'AHTapHbIV Bargaackuii', 06paboTaHHOM
1.5 mM a3upga HaTpus, Hada/lbHbI BEC
100 mr
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Table 1
Tabnuua 1

Numberofcolonies resulted from Amber 33 and Amber Baghdad genotypes cell cultures after
and before treatmentwith 1.5 mM SA using different packed cell volumes, n=5
MNToroeoe 4nMcno KONIOHUM FeHOTUMOB KYNbTyp KNeTOK ‘AHTapHbIn 33’1 ‘AHTapHbIn Bargagckuii’ go
M nocne o6paboTkn azmgom Hatpusa 1.5 mM c ucnonb3oBaHMeEM pPa3NUUHbIX TEMaTOKPUTHbIX
Be/IMYNUH, =5

PCV and SA (mM)

Genotype PCV of non Mef\an ho. PCV of Mean no. colonies in
treated colonies in non treated treated
treated

0.1 0.00 0.15 0.00
0.15 0.00 0.225 0.00
0.2 0.00 03 4.00

‘Amber 33’ 0.25 3.40 0.375 5.20
0.3 5.00 0.45 7.00
0.35 7.00 0.525 7.20
0.4 8.60 0.6 8.80
0.1 0.00 0.13 0.00
0.15 0.00 0.195 0.00
0.2 0.00 0.26 0.00

‘Amber Baghdad’ 0.25 2.00 0.325 3.60
0.3 4.00 0.39 5.20
0.35 5.80 0.455 7.00
0.4 7.40 0.52 8.40

LSD 0.05 1.649

Effect of genotypes and % PEG on the mean no. of cell colonies.

Results showed that 1.5 and 2.0% PEG significantly reduced the mean no. of cell colonies
whose values were 2.7 and 0.15 compared with 0.0% PEG, and no significant difference occurred
among Amber33 and Amber Baghdad genotype. Results also displayed that the interaction
between genotypes and % PEG that 1.5 and 2.0% PEG significantly reduced the mean no. of cell
colonies that values were 3.1, 0.2 compared with 0.0% PEG for Amber33 cell culture and 2.3, 0.1
compared with 0.0% PEG for Amber Baghdad cell culture as shown in table 2.

Table 2
Tabnuua 2

Effect ofgenotypes and % PEG on the mean no. ofcolonies ofcell cultures after 6 weeks ofplating on
solid agar MS medium, n=5
BnnsaHune reHotnnoB n % M3l Ha cpegHee YNC/I0 KOJTOHUIA KNEeTOYHbIX Ky/IbTyp nocne
6 Hegenb BbiceBa Ha TBepAoi araposoii MC cpege, n=5

Genotype % PEG

0.00 0.50 1.00 1.50 2.00 Mean
Amber 33 6.90 6.86 6.65 3.10 0.20 4.80
Amber Baghdad 6.40 6.40 6.30 2.30 0.10 4.34
Mean 6.65 6.65 6.70 2.70 0.15
LSD 0.05 PEG=1.037; CV=0.656; PEGXCV=1.466

Effect of SA and % PEG on the mean no. of cell colonies.

Results in table (3) indicate that 1.5 mM SA significantly increased the mean no. of cell
colonies that value was 5.48 compared with 0.0 mM SA. Results also revealed that mean no. of
cell colonies significantly reduced in 0.5, 1.0, 1.5 and 2.0% PEG that values were 5.1, 4.7, 2.0 and
0.0 compared with 0.0% PEG for 0.0 mM SA, But there was a significant increase in the mean
no. of cell colonies in 0.5and 1.0% PEG. Values recorded 8.20 and 8.70 compared with 0.0%
PEG for 1.5 mM SA, and then significantly reduced in 1.5 and 2.0% PEG that values were 3.4 and
0.3compared with 0.0% PEG for 1.5 mM SA.
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Table 3
Tabnuua 3

Effectof SA (mM) and % PEG on the mean no. ofcell colonies ofcell cultures after 6 weeks ofplating
on solid agar MS medium, n=5
BnnsaHwne azanpga Hatpusa (mM) n % M3l Ha cpefHee KOJIMYECTBO KOTOHUIM KNETOK K/IETOUYHbIX
KynbTyp nocne 6 Heaesnb BbiceBa Ha TBepAOW arapoBoii MC cpege, n=5

SA( mM) % PEG
0.00 0.50 1.00 1.50 2.00 Mean
0.00 6.50 5.10 4.70 2.00 0.00 3.66
1.50 6.80 8.20 8.70 3.40 0.30 5.48
LSD 0.05 SA=0.656; PEGXSA=1.466

Effect of genotypes and SA on the mean no. cell colonies.

Results displayed in table (4) show that 1.5 mM SA significantly increased the mean no.
of cell colonies that values were 5.8 compared with 0.0 mM SA for Amber33 genotype cell
culture and 5.16compared with 0.0 mM SA for Amber Baghdad genotype cell culture, also there
was no significant difference recorded among genotypes cell cultures in the mean no. of cell
colonies.

Table 4
Tabnuua 4

Effect ofgenotypes and SA (mM) on the mean no. ofcell colonies ofcell cultures after 6 weeks of
plating on solid agar MS medium, n=5
BnvaHue reHoTUNOB 1 asnga Hatpusa (MM) Ha cpegHee KOTMYeCTBO KOJTOHWUI KNeTOK KNeTOYHbIX
KynbTyp nocne 6 Heaesnb BbiCeBa Ha TBepAOW arapoBoii MC cpege, n=5

Genotype SAMM
0.00 1.50
Amber 33 3.80 5.80
Amber Baghdad 3.52 5.16
LSD 0.05 CVXSA=0.927

Results in table (5) exhibits that there was a significant decrease in the mean no. of cell
colonies recorded in 1.0, 1.5 or 2.0% PEG, values recorded 4.8, 2.2 and 0.0 respectively
compared with 0.0% PEG for 1.5 mM SA non-treated Amber33 cell culture and 4.6, 1.8 and 0.0
respectively compared with 0.0% PEG for 1.5mM SA non-treated Amber Baghdad genotype cell
culture. Results also indicated that 1.0% PEG significantly increased the mean no. cell colonies
whose values were 9.0 and 8.4 compared with 0.0% PEG for 1.5 mM SA treated Amber33 and
Amber Baghdad genotype cell cultures respectively. Figures 5, 6, 7 and 8 display the effect of
genotype, % PEG and SA (mM) on the no. colonies/plate of cell culture. Results exhibited that
%PEG significantly reduced the mean no. of shoot/cell aggregates whose values were 5.0, 2.58
and 0.0 compared with 0.0% PEG, and no significant difference occurred among genotypes.
Results also revealed that the interaction between genotypes and % PEG that the mean no. of
soot/cell aggregates significantly reduced in 0.5, 1.0 and 1.5% PEG at which values were 4.33,
1.83 and 0.0 compared with 0.0%PEG for Amber33. The mean no. of shoot /cell aggregates
were significantly reduced in 1.0 and 1.5% PEG that values were 3.33 and 0.0 compared with
0.0% PEG for Amber Baghdad as shown in table 6.

Table 5
Tabnuuas
Effect ofgenotypes, SA (mM) and (%) PEG on no. colonies ofcell cultures after 6 weeks ofplating on
solid agar MS medium, n=5
BnnsaHune reHotnnos, AH (mM) 1 (%) M3l Ha YNCNO KONOHWIA KyNbTyp KNeTOK nocne 6 HeAenb
BbiCEBa Ha TBeEpAOW arapoBoii cpeage MC, n=5

SA (mM) (%)PEG
Genotype 0.00 0.50 1.00 1.50 2.00
Ambere 33 0.00 6.80 5.20 4.80 2.20 0.00
150 7.00 8.60 9.00 4.00 0.40
0.00 6.20 5.00 4.60 1.80 0.00
Amber Baghdad 150 6.60 7.80 8.40 2.80 0.20

LSD 0.05 2.074
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Effect of genotypes and % PEG on no. of shoot/cell aggregates.

Table 6
Tabnuua 6

Effect ofgenotypes and % PEG on the mean no. ofshoot/cell aggregates, after 6 weeks ofinoculating
in solid agar MS medium, n=3
BnnaHne reHotnnos u % N3l Ha cpegHee YMC/I0 MPOPOCTKOB B K/IETOYHbIX arperarax, 4yepes 6
Hefdenb NHOKyNnAauum B araposyto MC cpeay, n=3

Genotype (%)PEG
0.00 0.50 1.00 1.50 Mean
Ambere 33 6.33 4.33 1.83 0.00 3.12
Amber Baghdad 6.83 5.67 3.33 0.00 3.96
Mean 6.58 5.00 2.58 0.00
LSD 0.05 CVv=1.337 ; PEG=1.890 ; PEGx CV=2.673
Table 7
Tabnuua 7

Effectof SAand % PEG on the mean no. ofshoot/cell aggregates, after 6 weeks ofinoculating in solid
agar MS medium, n=3
Bnnanune asnga Hatpua n % M3l Ha cpefHee YMCNO NPOPOCTKOB B KNETOYHbIX arperarax, yepes 6
Hefenb MHOKYNALUN B araposyto cpedy MQ n=3

SA (mM) % PEG

0.00 0.50 1.00 1.50 Mean
0.00 6.00 4.17 1.33 0.00 2.88
1.50 7.17 5.83 3.83 0.00 4.21
LSD 0.05 SA=1.337; PEGxSA=2.673

Fig. 5. 1.5 mM SA treated Amber Baghdad cell culture exposed to different PEG concentrations showing the effect of
PEG on the no. cell colonies, after 6 weeks of plating in solid MS medium in vitro
Puic. 5. KynbTypbl KNeToK AHTapHbIN Bargaackuii, o6pabotaHHble 1.5 MM AH, noaBeprHyTble BO34eNCTBUIO
pa3NnyHbIX KOHLEHTpaumii M3l, nokasbiBatoLme BAnsHMe M3l Ha YMCI0 KOIOHMIA KNETOK, Yepe3 6 Heaesb BbICEBa
B TBepgon MC cpege in vitro

Fig. 6. 1.5 mM SA treated Amber 33 cell culture exposed to different PEG concentrations showing the effect of PEG on
the no. cell colonies, after 6 weeks of plating in solid MS medium in vitro
Puc. 6. KynbTypbl KneTok AHTapHbIl 33, 06paboTaHHble 1,5 mM AH, nogseprHyTbie BO3AEACTBUIO Pa3INYHbIX
KOHLeHTpaumii M3lT, nokasbiBatowye BvsiHME M3l Ha YMCN0 KOMOHWIA KETOK, Yepe3 6 Hefesb BbiCeBa B TBEPAOM
cpene MC in vitro
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Results in table 7 display that 1.5 mM SA significantly increase the mean no. of shoot/cell
aggregates with a mean value reaching 4.21 compared with 0.0 mM SA. Results also indicated
that the interaction between SA mM and %PEG that 1.0 and 1.5% PEG significantly reduced the
mean no. of shoot/cell aggregates whose values were 1.33 and 0.0 respectively compared with
0.0% PEG for 0.0 mM SA, but for 1.5 mM SA, values were 3.83 and 0.0 respectively compared
with 0.0% PEG.

Results displayed in table 8 show that 1.5 mM SA significantly increased the mean no. of
shoot/cell aggregates with a mean value reached 4.0 compared with 0.0 mM SA for Amber33
genotype. Results also indicated that there was no significant difference recorded between 0.0
and 1.5 mM SA for Amber Baghdad genotype whose values were 3.50 and 4.42 respectively.
Results revealed that 0.0, 1.0 and 1.5% PEG significantly reduced the mean no. of shoot/ cell
aggregates whose values were 3.33, 0.0 and 0.0 compared with 0.0% PEG in 0.0 mM SA for
Amber33 genotype, the mean no. of shoot/cell aggregates significantly reduced in 1.0 and 1.5%
PEG reached3.67 and 0.0 compared with 0.0% PEG in 0.0 mM SA for Amber Baghdad
genotype.

Fig. 7. 1.5 mM SA treated Amber Baghdad cell aggregates exposed to different concentrations of PEG showing its
effect on the no. shoot/cell aggregates of cell culture, after 6 weeks of inoculating in solid MS medium
Puc. 7. KneTouHble arperatbl ‘AHTapHbIA Bargaackuid’, obpabpTaHHbie 1.5 mM AH 1 noggseprHyTbie BO34EACTBUIO
Pas3/INyHbIX KOHUeHTpaumii M3l7, NnokasbiBatoLLMe ero BANsSHNE Ha KOIMYECTBEHHOE COOTHOLLIEHE NMPOPOCTKOB B
arperarax KynbTypbl K/IETOK, Yepe3 6 Hefleslb NHOKYIALUK B TBepayto cpege MC

Fig. 8. 1.5 mM SA treated Amber 33 cell aggregates exposed to different concentrations of PEG showing its effect on
the no. shoot/cell aggregates of cell culture, after 6 weeks of inoculating in solid MS medium
Puc. 8. KneTouHble arperatbl ‘AHTapHbIn 33’, 06paboTaHHble 1.5 MM AH 1 noaBeprHyTble BO34ENCTBUIO Pa3INYHbIX
KOHUeHTpauuii M3l, nokasbiBaloLLMe ero BNSHWE Ha YNC/IEHHOe COOTHOLLIEHME NPOPOCTKOB B arperatax Ky/ibTypbl
KNETOK, Yepes 6 Hefleslb MHOKYNALMN B TBepayto cpese MC

Table 8
Tabnuua 8

Effect ofgenotypes and SA (mM)on the mean no. ofshoot/cell aggregates after 6 weeks ofinoculation
on solid agar MS medium, n=3
BnnsaHne reHotnnos n asnga Hatpusa (mM) Ha cpefiHee YMCNO MPOPOCTKOB B KNETOYHbIX arperarax
nocne 6 Hefenb NoceBa Ha TBepaoi araposoit MC cpege, N=3

SA mM
Genotype 0.00 150
Amber33 2.25 4.00
Amber Baghdad 3.50 4.42

LSD 0.05 CVXSA=1.890
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Results also indicated that there was a significant reduction in the mean no. of shoot/cell
aggregates at 1.0 and 1.5% PEG whose values were 3.67 and 0.00 compared with 0.0% PEG for
1.5 mM SA treated Amber33 genotype, the same trend was found in 1.5 mM SA treated Amber
Baghdad genotype as shown in table 9.

Table 9
Tabnuua 9

Effect ofgenotypes, SAmM and % PEG on the mean no. ofshoot/cell aggregates, after 6 weeks of
inoculating in solid agar MS medium, n=3
BnuaHune reHotnnos, asnga Hatpyua mM un % N3l Ha cpefHee YNCN0 NPOPOCTKOB B K/TIETOUHbIX
arperaTtax nocsie 6 Heflenb NoceBa Ha TBepfoi araposoin MC cpeae, N=3

% PEG
Genotype SA (mM) 0.00 0.50 1.00 150

0.00 5.67 3.33 0.00 0.00

Ambere33 1.50 7.00 5.33 3.67 0.00
0.00 6.33 5.00 2.67 0.00

Amber Baghdad 1.500 733 6.33 4.00 0.00

LSD 0.05 3.780

Discussion

One prerequisite for the use of plant cell culture in plant improvement is the
development of suitable screening and selection methods by which variant can be identified and
isolated easily. The widely reported drawbacks in using callus cultures in selection experiments
is that cells within callus are not uniformly exposed to the selective agent and a gradient of
stress may develop in such cultures, the cells in contact with the medium are the most affected
and cells on top are the least affected [Ibrahim, 1990]. Plant cell cultures are normally
established and maintained on MS medium containing an auxin and a cytokinin. Removal of
either hormone from the medium would normally result in culture death. During the incubation
period, the biomass of suspension cultures increased due to cell division and cell enlargement.
This continues for a limited period after which the growth stops due to the exhaustion of some
factors or the accumulation of certain toxic metabolites in the culture medium [Gurel et al.,
2002].

Results shown in figures 1,2, 3 and 4are in agreement with those of Brown and Beevers
[1987].The inoculums of cell suspension cultures were determined and the lowest inoculums
which produce the highest mean no. cell colonies were used to obtain the best plating efficiency
which was 0.25 PCV for both genotypes cell cultures at 0.0 mM SA and 0.3 or 0.325 PCV for 1.5
mM SA Amber33 and Amber Baghdad genotypes cell cultures respectively, this result is in
agreement with those of Ibrahim [1990] who reported that the large inoculums may form a thick
layer of cell suspension onto the surface of the agar and again a stress gradient will be
established as in callus culture. It was recognized that 1.5 mM SA caused an increase in the
biomass of suspension culture at which the PCV and the mean no. colonies was higher in 1.5 mM
SA compared with 0.0 mM SA for both genotypes cell cultures as shown in table 1, SA caused an
increase in cell growth and division, these results were in agreement with those of Hamza
(2007) who reported that the genetic variations that caused as a result of treatment with SA
enhance the activation effect for cell division and enlargement. And the differences that
occurred during inoculums determination in 1.5 mM SA Amber33 genotype, are due either to
the sensitivity of Amber33 genotype for SA treatment or to the physiological differences between
genotypes. Results in tables 2, 3, 4 and 5 exhibit the effect of SA as a mutagenic agent at which
there was a significant increase in the mean no. of cell colonies in 0.5 and 1.0% PEG at 1.5 mM
SA for both genotypes cell cultures, this may be due to the activity of SA for creation of point
mutation as reported by Al-Qurainy and Khan [2009]. While the mean no. cell colonies
significantly reduced in 0.0 mM SA in all PEG concentrations for both genotypes, this may have
occurred because of the cell damage as a result of osmotic pressure (sensitivity to drought), or
because of the abnormalities in the nuclear constitution of some cells which make these cells
incapable of division or a differentiation of the cells in a way that not all divide under the same
conditions.
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It is a simple matter to plate some thousand or more cells on a set of Petri dishes and to
obtain a large number of clones in a short time that could not be obtained by methods requiring
special handling of each cell. The method permits the screening of large numbers of cells for
genetic as well as physiologic studies in spite of the relatively small proportion of cells that
undergo repeated divisions and establish a tissue. Results in tables 8 and 9were in agreement
with those of Kamal et al. [2009] who reported that the mutant genotype produced higher
percentages of shoots regeneration than non-mutated genotype. While results in tables 6 and 9
were in disagreement with those of Shah et al. [2012] who established that the regeneration
percentage of PEG adapted cell cultures increased to 80% compared with non-adapted cell lines.
The induction of high plant regeneration in 1.5 mM SA genotypes compared with 0.0 mM SA
genotypes as shown in tables 7, 8 and 9 may be due to the SA ability for chromosomal changes as a
result of base pair substitution without chromosomal aberration and this result is in agreement
with those of Kleinhofs et al. [1978] who reported that SA creates point mutation in the genome of
plants and the mutant plants are capable to survive under various adverse conditions.
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