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ABSTRACT 

This work was carried out at Subbhia experimental 

station for sugar crops. The present investigation aims at 

inducing polyploidy in sugar cane (Saccharum 

officinarum) and to investigate its agronomic traits. 

Colchicine was used to produce poly ploidy from three 

cultivars. These cultivars are (C9 G.T. 54-9, PH 8013 and 

NCO 310). Buds were treated with 0.05% colchicine 

solution. Treated segments were allowed to germinate until 

a shoot system length of 40 cm had reached. Plants were 

then transferred and allowed to grow in the yield. The 

growing plants were examined for polyploidy firstly by 

Guard cells of Stomata, Chloroplasts, DNA content in 

leaves, and chromosomes from adventitious roots initiated 

at the laboratory. Physico-chemical properties for 

chromatins and deproteinized DNA were estimated. Total 

soluble solids (T.S.S); plant height and plant diameter were 

estimated. The obtained results would be summarized as 

follows: The present studies aimed to produce polyploidy 

in cultivar C9. The obtained results showed that the 

average of polyploidy was found to be 9% for C9 and 4% 

for PH 8013.  Regarding chemical composition and melting 

temperatures of chromatins different ratios were obtained 

reflecting differential transcriptional activities. However, 

active and repressed fractions of chromatin were 

estimated. With respect to the evaluated agronomic 

characteristics different values were observed.  

INTRODUCTION 

It is well known that genetic improvement of crop 

plants depends on the availability of desirable 

agronomical characters to begin with. In addition, it 

needs an appropriate screening method to detect these 

desirable characters. The scientific achievements during 

the last two decades in the field of biotechnology, 

suggest that it is now the time to apply the existing 

knowledge for practical problems in agriculture, 

specially the production and the isolation of new genetic 

variability in higher plants. Among these new 

developments, in vitro plant culture techniques 

(meristem, embryo, cali, cells and protoplasts) offer a 

great potential for the improvement of crop plants 

(Bourgin, 1983; Maliga, 1984). 

All over the world, the increase of sugar production 

through the genetic improvement of the two most 

important sugar crops, i.e. sugar cane (Saccharum 

officinarum L.) and sugar beet (Beta vulgaris L.), is an 

ongoing process, since more than 2000 years. In Egypt 

sugar cane is considered among the most important 

industrial converting crops. It is the main source of sugar 

industry and the sole source for molasses industry. Sugar 

cane is cultivated in about 270,000 fedan producing 

about 1,100,000 ton of sugar annually (Sugar Annual 

Report of Egypt, USDA-2012). In Egypt, although sugar 

beet crop is a supplement for sugar industry, its 

byproducts are used for the production of untraditional 

animal feed, as well as many other secondary industries. 

It is cultivated in about 355,000 fedan, producing about 

910,000 ton of sugar annually (Sugar Annual Report of 

Egypt, USDA-2012). However, the genetic improvement 

of sucrose yield of these crops turned to be a slow and 

limited process. Doney, (1988) attributed this to the 

negative correlation between sucrose concentration and 

other yield component characters in sugar cane and sugar 

beet crops. Kholovoda et al., (1985) suggested that the 

use of in vitro techniques for this purpose (increase 

sucrose contents) could be of great help. In such 

materials, it is expected to have no correlation 

relationship as those existing between separate organs in 

the whole plant. The present study was carried to induce 

polyploidy for any possible genetic improvement of 

sugar cane crop cultivated in Egypt. 

MATERIALS AND METHODS 

This work was planned to induce polyploidy in some 

sugar cane cultivars and evaluation their agronomic 

characters. So three cultivars were selected and used. 

This work was conducted at the period that ranged from 

2011- 2012.   

Attempts for the induction of polyploidy from these 

three cultivars were undertaken using cuttings with one 

bud each. About one hundred cuttings from each cultivar 

were used. Each cutting had two surfaces the first was 

covered by wax, while the second surface was embedded 

in solution of colchicine (0.05%).   

In addition each bud was surrounded by a layer of 

cotton moistened with the same colchicine solution. 

After 7 days, cutting were transferred to water and 

allowed to grow until a shoot system of about 40 cm was 

observed. They were then cultivated in the field and 

allowed to grow under the field conditions.   
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Different characteristics were measured. They were:  

1- Number of plastids in guard cells of stoma. 

2- Size of epidermal cells in leaves. 

      Point No.1 & 2 were employed for preliminary 

screening. 

3- Measurement of total soluble solids, plant height 

and stem diameter. 

4- Physico-chemical properties of chromatin and 

DNA isolated from leaves. 

5- Investigation of meiotic chromosomes, when it was 

possible, and mitotic chromosomes when it was 

needed.  

- Isolation of chromatin: 

The chromatin was isolated according to the method 

described by Fellenberg and Schömer, (1975) and Seehy 

et al., (1984). 

- Purification of chromatin:       

Chromatin was purified by filtration through 

Sephadex G-25 Fine using 1M NaCl buffer. The purity 

of chromatin preparations was checked using the criteria 

of Fellenberg, (1974). 

-Thermal Stability and Chemical Composition of 

Chromatin: 

When purified chromatin showed adequate 

ultraviolet absorption spectrum, it was then dialyzed 

three times at 0 - 2 °C against the following buffer (1L 

buffer/10 ml chromatin solution): 0.0014 M NaCl, 

0.00025 M Tris – HCl, pH 7.2.  

- Estimation of melting temperature (Tm-value):  

The UV absorbance for the chromatin at both 260 

and 280 nm was recorded at each one-degree-increase in 

temperature (the heating rate was 1°C / min.). 

Absorbances at all temperatures were calculated as 

relative to the absorbance at 50 °C (Spang and Platt, 

1972). The relative absorbance was plotted against the 

temperature and the Tm-value was calculated as the 

temperature which gave half the overall increase in 

relative absorbance.   

- Chemical composition of chromatin: 

DNA, total protein, histones and non-histones 

proteins were determined as µg/ml chromatin, and then 

the different proteins were calculated as relative to 

DNA.  

- Isolation of DNA:  

To purified chromatin solution (soluble in 1 M 

NaCl), NaCl was added to a final concentration of 2.5 

M, then it was gently shaked, stored at 2°C overnight. 

The DNA was separated from the chromosomal proteins 

by filtration through Sephadex G-200.  

The purity of this DNA was estimated from the UV 

absorption spectrum at wavelengths in the range of 230-

320 nm. The spectrum of DNA contaminated with 

proteins was distinguished from that of the deproteinized 

DNA most strikingly by its greater absorption at 230 nm 

due to the peptide bonds.  

- Estimation of melting temperature of DNA:  

The Tm-value of DNA was calculated in the same 

way described in estimation of Tm-value of chromatin.   

-Estimation of thermal stability and chemical 

composition: 

In order to estimate the thermal stability of sugar 

cane chromatin (against temperature) as well as the 

chemical composition, the following procedure was 

used: 

- Chromatin isolation was done by the method described 

by Fellenberg and Schömer, (1975), and Seehy et al., 

(1984).  

- Purification of chromatin:  

Chromatin in 1M NaCl was purified by 

chromotography on Sephadex G-25 fine (Pharmcia fine 

chemicals AB, Uppsala, Sweden). Purified chromatin 

(soluble in 1 M Nacl) was dialyzed against the following 

buffer: 0.0014 M Nacl + 0.00025 M Tris-Hcl pH 7.2. 

- Estimation of Tm-value: 

The procedure was the same as that described by 

Bonner et al., (1968). From each extraction two 

estimations were calculated. The absorbance of all 

investigated samples was recorded every minute at 260 

nm as well as at 280 nm. The relative absorbance was 

calculated as described by Spang and Platt, (1972) and 

Seehy et al., (1984). Relative absorbance = AG/A 50 ºC, 

where AG is the absorbance at a given temperature and  

A 50 ºC, is the absorbance at 50 ºC. 

- DNA estimation:         

The diphenylamine method of Giles and Myers, 

(1965) and described by Burton (1968) was used for 

determination of DNA concentrations. Total protein 

determined by the method of Lowry et al., (1951). using 

albumin from bovine serum (Sigma) as standard. 

Histones were extracted and determined by the method 

of Lowry et al., (1951). Non-histone proteins were 

calculated as the differences between the total proteins 

and histones. Deoxyribonucleic acids, total proteins, 

histones and non-histones proteins were determined as 

µg/ml chromatin and then, the different proteins were 

calculated as relative to DNA. From the composition of 

histones and of DNA, one can calculate that if a 

nucleohistone in which DNA is fully complexed with 

basic proteins, the mass ratio of histones to DNA should 

be approximatly 1.35 to 1 (Bonner, 1965). 
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RESULTS 

In this work 100 cuttings for each cultivar were used. 

The results showed that C9 cultivar was proven to be 

higher than PH 8013 or NCO 310 in response to 

polyploid. Using C9 cultivar, 0.09 % cuttings were 

observed with polyploid cells, while PH 8013 gave 0.04 

% with respect to cultivar NCO 310 no success was 

observed. Table (1) shows the results observed from this 

method.  

Table 1. Number of cuttings used for the 

induction of polyploid 

Cultivar 
No. 

cuttings 

No. of 

polyploid 
% 

C9 100 9 0.09 

PH 8013 100 4 0.04 

NCO 310 100 0 0 

Figures (1, 2, 3 and 4) show the different 

developmental stages during colchicine treatment and 

induction of polyploid.  

Anatomical study was carried out to compare 

stomata in different genotypes. It was found that stoma 

in leaves of polyploid plants was found to be larger than 

that of diploid plants.  

- Plastids in guard cell:  

Table (2) shows the number of plastids in guard cell 

of different genotypes. It ranged from 8 –17 plastids per 

guard cell.  

Table 2. Number of plastids in guard cell of  

different genotypes of sugar cane  
Cultivar No.  plastids 

C9 8-10 

C9A 14-17 

- Vascular bundles:  

In this anatomical study size of vascular bundles in 

different genotype was recorded. Figures (5 & 6) show 

that vascular bundle in young leaves of polyploid plants 

was shown to be larger than that of diploid plants. 

- Epidermal cells: 

Anatomical examination of transverse section (T.S.) 

or young leaves showed that epidermal cells in leaf of 

polyploid plant were proven to be larger than that of the 

original cultivar. 

                                                                                 

      
Figure 1. Photograph showing initiation           Figure 2. Photograph showing initiation of 

adventitious roots of C9 cuttings                               of adventitious roots of C9 cuttings  
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Figure 3. Photograph showing initiation              Figure 4. Photograph showing initiation    

of adventitious roots of C9A.                                      of adventitious roots of C9A 

                   
Figure 5. Photomicrograph showing Vascular          Figure 6. Photomicrograph showing Vascular     

bundles in a young leaf of cultivar C9                           bundles in a young leaf of genotype C9A 

- Chromosome number:  

In order to precisely detect the induction of 

polyploid, buds of cuttings from the observed plants 

were allowed to germinate under controlled conditions. 

Adventitious roots were treated with colchicine and 

chromosome complement was investigated. 

Chromosome number was found to be 80 chromosomes 

in diploid cultivar. In polyploid plants a chromosome 

number of 160 and 240 were observed (Figure 7 & 8 & 

9).  

Cytological examination of adventitious root tip cells 

showed that interphase nucleus of the original cultivar 

was found to be completely different from that of the 

polyploidy. Figures (10 -13) illustrate these differences 

where multinuclei were observed. 

- Physico-chemical properties of chromatin:  

In this work chromatin was isolated and purified 

using Sephadex G-25. Coefficients of absorbance were 

proven to be highly and fairly sufficient. The ultraviolet 

absorption spectra as well as coefficients of absorbance 

are shown in Tables (3, 4 and 5). 

- Tm-values for chromatin:  

Temperature of melting for chromatin isolated from 

leaves of  cultivars (C9 & C9A) at (260 nm & 280 nm) 

and melting profiles at 260 nm as well as to 280 nm are 

shown in Figures (14 and 15).  

Tm-value was found to be 72.5 ºC for C9 at 260 nm, 

while it was 75.5 ºC for C9A at 260 nm, Tm-value was 

found to be 79.5 ºC for C9 at 280 nm and 77.5 ºC for 

C9A at 280 nm. 
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Figure 7. Photomicrograph 

showing chromosomes of the 

original  cultivar   C9  

﴾80 chromosomes﴿.                           

 Figure 8. Photomicrograph of 

sugar  cane genotype C9A 

(induced by colchicine) showing 

chromosomes number  of 160 

chromosome. 

 

Figure 9. Photomicrograph of 

sugar cane genotype C9A 

(induced by colchicine) 

showing chromosomes number  

of 240 chromosome. 

 

 

Figures 10. Photomicrograph showing Interphase nucleus of sugar cane cultivar C9 

             (11)                                                               (12) 

    

Figures 11, 12. Photomicrograph showing interphase nucleus of sugar cane genotype (C9A). 
** Note: that up to 8 nucleolei were observed 
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Figures 13. Photomicrograph showing Metaphase stage in adventitious root-tip cells of sugar 

cane (C9A) 

Table 3. Absolute absorbance of purified chromatin isolated from Sugar cane cultivars 

320 280 260 250 240 230 Wavelength nm 

62 400 750 660 460 552 C9 

84 540 1020 882 610 732 C9A 

Table 4. Coefficients of absorbance for purified chromatin isolated from cultivars C9 and 

C9A 

Variety 260/240 250/260 280/260 320/260 

C9 1.63 0.88 0.53 0.083 

C9A 1.67 0.86 0.53 0.082 

Table 5. Temperature of melting of (TM-value) of chromatin isolated from sugar cane 

cultivars 

Varieties 
Wave length 

∆Tm ( Tm 280 – Tm 260) 
260 280 

C9 72.5 79.5 7 

C9A 75.5 77.5 2 

 

 
Figure 14. Melting profile of chromatin isolated from sugar cane (Cultivars C9 and C9A) 

at 260 nm. Melting was carried out in diluted saline solution 0.0014 M NaCl 
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Figure 15. Melting profile of chromatin isolated from sugar cane (Cultivars C9 and C9A) 

at 280 nm. Melting was carried out in diluted saline solution 0.0014 M NaCl. 

- Tm-values for DNA:  

Melting profiles at 260 nm as well as 280 nm are 

shown in Figures (16 and 17). The obtained results 

indicated that Tm value for deproteinized DNA of C9 

was not the same as that for C9A; this difference was 

found to be significant. It seems probable that this 

difference was caused by DNA-under-replication, and 

this would be discussed later.   

An attempt was carried out to estimate the fraction of 

genome which melts at 65 ºC and 70 ºC (Table 6) these 

results reflect differential structure of chromatin isolated 

from C9 compared with that of C9A. 

Table (7, 8) show the chemical compositions of 

chromatin isolated from young leaves of C9 and C9A. 

Comparing the results shown in these tables one can 

conclude that C9A was proven to be higher in its 

transcriptional activity compared with C9 (Total acidic 

protein percent of total was 55.30 % versus 45.67 %. 

Table (9) Repressed and active fraction of genome. 

The data clearly show that C9A had active fraction of 

genome (31.85 %) Vs (20%) for C9.  

Table (10) Hyperchromicity obtained after melting 

of C9 chromatin. It was similar to that obtained for C9A, 

giving an evidence that the base composition is 

approximately similar.   

An attempt was carried out to isolate DNA for 

chromatin. Table (11) and Figure (18) show the UV 

absorption spectra of DNA isolated from C9 and C9A 

cultivars leaves.  

Coefficients of absorbance for purified chromatin 

isolated from cultivars C9 and C9A are given in Table 

(12).  

Fractions of DNA which melts at 65 º C and 70 º C 

are given in Table (13). At 280 nm values was proven to 

be similar where at 260 nm significant differences were 

obtained, giving an evidence that the DNA under-

replication is achieved at A-T rich regions. 

Temperature of melting for deproteinized DNA 

(Table 14) show that Tm-value was 73 and 70 º C at 260 

nm for C9 and C9A, respectively. It was proven to be 76 

and 74 º C for C9 and C9A, respectively. Such 

differences in Tm-value for deproteinized DNA would 

be caused by DNA-under-replication phenomenon.  

Agronomic characters an attempt was carried out to 

estimate some agronomic traits. Total soluble solids, 

plant height and stem diameter were estimated in both 

genotypes (C9 and C9A). Table (15) illustrates the 

average of these characters.  

Table 6. Fraction of Genome which melts at 65 ºC and 70 ºC 

Source of 

chromatin 

Fraction which melts 

at 65  ºC    

Fraction which melts 

at 70  ºC 

260 nm 280 nm 260 nm 280 nm 

C9 11.96 % 3.46 % 25.76 % 14.18 % 

C9A 8.95 % 4.18 % 41.21 % 10.80 % 
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Table 7. Chemical composition of purified chromatin isolated from leaves of Sugar cane 

Cultivar 
DNA 

Total proteins 

(T) 
Histone 

(H) 

Acidic proteins 

(AP) 

Acidic proteins; % 

of  Total 

AP 
C9 118 236 128 108 45.67 % 

C9A 215 443 198 245 55.30 % 
*µg / ml chromatin soluble in 1 m Nacl. 

Table 8. Chemical composition of purified chromatin isolated from leaves of Sugar cane 

Cultivar DNA 
Total proteins 

(T) 

Histones 

(H) 

Acidic proteins 

(AP) 

Acidic proteins % 

of Total 

AP % 

C9 1 2 1.08 0.92 - 

C9A 1 2.06 0.92 1.14 - 
* Relative to its DNA. 

Table 9. Repressed and active fraction of genome 

Cultivar 
RFG 

Repressed fraction of genome 

AFG 

Active fraction of genome 

C9 1.08 / 1.35 * 100 =  80 100-80 = 20 % 

C9A 0.92/1.35 * 100 = 68.14 100 – 68.14 = 31.85 % 

Table 10. Hyperchromicity of purified chromatin isolated from sugar cane leaves 

Source Wavelength 
260 nm 280 nm 

C9A 31.3 % 28.7 % 
C9 32.6 % 28.9 % 

Table 11. Ultraviolet absorption spectra of DNA isolated from sugar cane leaves 

Cultivar 230 240 250 260 270 280 290 320 

C9 0.477 0.620 0.902 1.115 1.00 0.600 0.300 0.01 

C9A 0.582 0.632 0.922 1.090 0.922 0.610 0.290 0.01 

 

 
Figure 16. Melting profile of DNA isolated from sugar cane (Cultivars C9 and C9A) at 260 

nm. Melting was carried out in diluted saline solution 0.0014 M NaCl 
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Figure 17. Melting profile of DNA isolated from sugar cane (Cultivars C9 and C9A) at 280 

nm. Melting was carried out in diluted saline solution 0.0014 M NaCl. 

 

 

Figure 18. Ultraviolet absorption spectrum of DNA isolated from sugar cane leaves cultivars 

C9 and C9A. 

Table 12. Coefficients of absorbance for purified chromatin isolated from cultivars C9 and 

C9A 

Variety 260/240 250/260 280/260 320/260 

C9 1.79 0.81 0.54 0.019 

C9A 1.72 0.84 0.55 0.012 
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Table13. Fraction of DNA which melts at 65 °C and 70 °C, %   

Cultivar 
260 nm 280 nm 

65 70 65 70 

C9 8 14 6 11.5 

C9A 11 19 8 11.5 

Table 14. Temperature of melting (Tm-value) of DNA isolated from cane leaves 

Cultivar 260 nm 280 nm 

C9 73 76 

C9A 70 74 

Table 15. average of some agronomic characters estimates in this work 

Genotypes T.S.S Plant height Stem diameter 

C9 21.6  % 2.01 m 2.11 cm 

C9A 21.81 % 2.41 m 2.82 cm 

DISCUSSION 

A key goal of sugarcane breeding programs is to 

increase sugar yield by increasing sugar production per 

area, which is closely associated with height, diameter 

and number of the stalk, along with sugar accumulation 

in the stalk. Sugar yields have been generally improved 

by increasing total biomass rather than directly 

increasing sugar concentration in stalks (Jackson, 2005). 

Regarding sugar accumulation in the cane, stalk 

diameter seems more important than length (Milligan et 

al., 1990). Other important traits to be considered are 

vigor and productivity of the ratoon (Aitken et al., 

2008). Future varieties bred specifically for second-

generation biofuels will be dissociated from high-

sucrose yields, but instead will aim at total biomass 

production per area.Some traits are additive while others 

present dominant effects. Additive effects can be useful 

for breeding in early generations of the program while 

dominant effects are more useful in hybrids (Liu et al., 

2007). Increase of sugar yield has always been a major 

goal of breeding programs. 

Most functional genomics projects performed in the 

1990’s focused on sucrose content, disease resistance 

and stress tolerance, and involved several techniques, 

such as EST characterization, microarray and SAGE 

analyses (Vettore et al., 2003; Papini-Terzi et al., 2005; 

Calsa Jr & Figueira 2007; Menossi et al., 2008; Papini-

Terzi et al., 2009; Waclawovsky et al., 2010; Iskandar 

et al., 2011). The post-genomic era comprises the use of 

this information into breeding programs, with the 

identified markers that reveal expression profile of 

genes in different environmental conditions (Moore, 

2005; Waclawovsky et al., 2010; Khan et al., 2011). 

However, sugarcane is a polyaneuploid species, and 

statistical segregation models have been developed to fit 

diploid organisms interpretations (Parida et al., 2010; 

Tabasum et al., 2010; Swapna et al., 2010). About 5% 

of publicly available sugarcane unigenes present single 

sequence repeats, and the frequency of perfect 

microsatellites is one marker for every 10.4 kb (Parida 

et al., 2010). Considering this, many polymorphic loci 

obtained during crossings cannot be properly analyzed, 

given the difficulties due to polyploid segregation 

(Garcia et al., 2006). In breeding of diploid species, 

molecular markers are significant for MAS through the 

use of single nucleotide polymorphisms (SNPs) for 

polygenic traits such as yield components and disease 

resistance. The polyploidy constitution of sugarcane 

makes it as the most difficult crop to apply MAS, that is 

a sugarcane breeders’s dream. Finally, although many 

available papers report the identification of markers 

associated with qualitative and quantitative traits in 

sugarcane, it is noteworthy to mention that they have 

had very little impact in sugarcane breeding up to now. 

The present study was carried out to induce 

polyploidy in sugar cane crop cultivated in Egypt. To 

achieve such a purpose the following was undertaken:  

1. Three cultivars of sugar cane grown at Sabbahia 

Agricultural Research Station were chosen for their 

economical importance and were cultivated under 

conditions that stimulate flowering  processes, 

Meiotic chromosomes of these cultivars were 

examined.   

2. Attempts were conducted to induce polyploidy as 

described in the Materials and Methods part. 

3. Selection for ploidy was carried out employing the 

different criteria.  

4. A comparison between physico-chemical properties 

of chromatin isolated from nuclei as well as of DNA 

was done to investigate the transcriptional activity. 
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5. Some agronomic traits were measured (Total soluble 

solids, plant height and stem diameter) 

6. Chromosome complements in mitosis of adventitious 

roots were obtained when needed. 

Sugar cane, as a perennial grass plant, belongs to the 

saccharum officinarum species as a member of 

saccharum genus. Sugar cane (Saccharum) is a species 

of between 6-37 species (depending on taxonomic 

interpretation) of tall grasses (family poaceae, tribe 

Andropogoneae), native to warm temperate to tropical 

regions of the old world. They have stout, jointed 

fibrous stalks 2-6 m tall and sap rich in sugar. However, 

very little is known about sugar cane genetics. The basic 

chromosome number estimation in saccharum have 

been as diverse as x = 5, 6, 8, 10 or 12 and varied with 

species (Sreenivasan et al., 1987). The mating systems 

in natural populations have not been documented. 

Despite these drawbacks, sugar cane is an example of 

very successful use of alien genetic resources. The 

interspecific hybridization programs that were carried 

out at the beginning of the century in java in India 

revolutionized sugar cane breeding. Modern sugar cane 

varieties result from interspecific hybridization and may 

contain more that 100 chromosomes contributed by up 

to five different species (Heinz 1987). It encompasses 

very diverse euploid and aneuoploid members (2n= 40 – 

128), Lu et al, (1994). This wide range of chromosome 

number of sugar cane gives the breeders the chance to 

successfully practice his selection program.  

Today’s commercial sugar cane cultivars are almost 

exclusively back cross derivatives involving S. 

officinarum and S. spontaneum. However, only a few 

clones of these species were used this narrow genetic 

bass of modern hybrid varieties is surely one of the 

principal causes of the present slow rate of sugar cane 

breeding process (Berding and Roach, 1987). 

In Egypt, sugar cane provides about 55% of the 

sugar supply, while sugar beet provides 45%. There is 

gab of about 850.000 tons of sugar between the  

consumption and the production of sugar and this 

amount is yearly imported from abroad and costs the 

country a lot of foreign currency. The plan of the 

government is to minimize this gab by the extension of 

both crops cane and beet. In sugar cane only vertical 

extension could be applied because horizontal extension 

needs a lot of irrigation water which is limited. To 

develop new desired sugar cane varieties and to improve 

the existing ones is the main goal of the breeder to 

achieve the vertical extension in sugar cane. 

Many of the desirable characters are quantitative so 

multivariate statistical techniques have been suggested 

and utilized to a limited extent to measure genetic and 

phenotypic divergence among entries and genotypes to 

aid in planning crosses among genotypes belonging to 

different clusters (Whitehouse, 1969; Goodman, 1973; 

Sneath, 1976; Camussi et al., 1983; Kwon-Ndung and 

Imolehin, 2007; Amer Rasul et al., 2010; Creste et al., 

2010; Swapna Simon & Hemaprabha, 2010; Wang et al. 

(2010) and Sanjay Kumar & Devendra Kumar, 2012). 

Characterization and quantification of genetic diversity, 

both within and between populations, has long been a 

major goal in evolutionary biology. In plant breeding 

programs, information concerning the genetic diversity 

within a crop species is essential for rational use of 

genetic resources, it is particularly useful in the 

characterization of individual accessions and cultivars, 

in detecting duplications of genetic material in 

collections, and as a general guide in the choice of 

parents for breeding hybrids. 

Routine methodologies were described for 

epicuticular wax. Stomata characters and opening (Rai, 

1999): stomata characters and opening: leaf water 

content (Karakas et al., 1997): Pyruvate orthophosphate 

kinase activity (Du et al., 1998); regulation of C4 

photosynthesis and sugar accumulation (Nose et al., 

1994; Madan et al., 1988); chlorophyll content (Li and 

Zhou, 1991; Ortega et al., 1984., Jagtap et al., 1992) 

and proline content in sugarcane leaves (Jagtap et al., 

1992). 

Stomata characters were measured following nail 

paints peeling technique as described by (Capellades et 

al., 1990), by applying cellulose acetate (clear nail 

polish), to the upper leaf surface, which was peeled and 

examined microscopically for length (μ). Width (μ) and 

number per mm square (no mm-2) of stomata.  

Leaf relative water content (RWC) was determined 

by excising 100 mm
2
 of leaf. Weighed and then re-

weighted after floated on distilled water for 24 hours. 

Oven drying at 80 °C to get the dry weight. RCC = 

(FW-DW) / (TW-DW) where FW= leaf fresh weight. 

DW= dry weight and TW= tugid weight (Mu-Qing and 

Ru-Kai, 1998). Soil moisture content was determined as 

described by Anderson and Ingram (1993), on dry 

weight basis. Three samples each of 50 g. weighing, 

then dried at a constant weight at 105 °C. The dry 

weight was recorded and the moisture content by 

((sample wet weight – Oven dry weight) / Oven weight) 

x 100.  

Drought tolerance capacity .(DTC) were determined 

following Na-EDTA method developed by Dwivedi et 

al., (1998), by extracting one gram air dry leaf in 20 ml 

0.025 M Na2 EDTA and boiling it for 25-30 minutes in 

a water bath. After cooling, pH was measured. The 

percent fall in pH as compared to the control was 

recorded as DTC. Quantitatively, fall of pH > 3 % 
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indicates as drought tolerant genotype and fall of pH < 

1.7 % as sensitive genotypes.       

Chromosome number:  

In order to precisely detect the induction of 

polyploid, buds of cuttings from the observed plants 

were allowed to germinate under controlled conditions. 

Adventitious roots were treated with colchicine and 

chromosome complement was investigated. 

Chromosome number was found to be 80 chromosomes 

in diploid cultivar. In polyploid plants a chromosome 

number of 160 and 240 were observed.      

Cytological examination of adventitious root tip cells 

showed that interphase nucleus of the original cultivar 

was found to be completely different from that of the 

polyploidy. Multinuclei were observed; giving an 

evidence that nucleolar organizing region is repeated.  

Water stress treatment significantly reduced stomata 

length (p= 0.00), width (p=0.00) and increases the 

number per unit area (p=0.00). Stomata length and 

width decrease higher in L6 and 26 compare to L10, 22 

and L14. The number of stomata per mm2 was less in 

drought tolerant varieties compare to sensitive ones. 

Stomata characters play an important role in 

transpiration of water and gas exchange. The size and 

number of stomata determined the ability of the plant to 

lose or retain moisture. The bigger the size, the greater 

the amount of water is expected to be transpired from 

the leaves. Plate 1 shows an impression of 

microphotograph on nail polish impression of stomata 

form the upper surface of tested plants. 

Cytological examination revealed that diploid, 

triploid, tetraploid plants were observed, giving precise 

evidence that inducing of polyploidy was achieved. 

However, evaluation of agronomic traits or characters 

needs propagation for the obtained plants, and this 

would be done. However, this step is now being carried 

out at Sabbahia station for sugar crops.  

Anatomical observations showed that stomata size, 

number of plastids in guard cells, size of vascular 

bundles in young leaves, and size or volume of 

epidermal cells (of leaves) are considered an adequate 

tool for characterization of ploidy.  

Analysis of total soluble solids (T.S.S), stem 

diameter; and stem lenghth showed that there are 

differences between C9 cultivar and C9A Cites product 

from the induction of polyploidy.  

With respect to the physico-chemical properties 

temperature of melting was proven to be at 260 nm 

lower than that at 280 nm, giving an evidence that DNA 

was shown to be in its primary structure. At 260 nm 

chromatin of the original cultivar was shown to be less 

active compared with that of its product by the induction 

of polyploidy (C9A). The active fraction was shown to 

be 20 % and 31.85 %, respectively. This result may 

reflect the higher transcriptional activity detected in 

C9A chromatin.  

Regarding the physico-chemical properties of 

deproteinized DNA the results showed that melting 

profiles as well as temperature of melting of DNA 

isolated from C9 was shown to be different from that of 

C9A. This result may reflect that DNA-under-replication 

was performed. However, one can assume that this 

DNA-under-replication was shown to be in A=T rich 

region. In conclusion, these measurements might be 

useful in evaluative purposes and breeding program.    
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 الملخص العربي
 الخواص الفيزيوكيماوية للكروماتين واستحداث تضاعفات فى قصب السكر

   أسامة مصطفى بدوى، مجدى سعد صالح ، محمد عبد المنعم غنيمه، محمد عبد الباعث الصيحي

كاااااااام ااااااااااد  ماااااااث البحااااااااث ا ااااااااا   ااااااا  اساااااااا حدا    اااااااا ا   
الخاصااة نيناا ا  بااا   كروم ساا مية ال للهيئااة(  ضاااع )كروم ساا مية 

قصااال ال اااكر وتلااا  اسااا كداا مااااست الك لني ااا  الم ااا كر ة ماااث 
ثم  قيااااايم النبااااااع  النا اااااة علاااااى ( ساااااي ما) ااااابوت  باااااا  اللحااااا   

 .م   ى ال تاثة الجزيئية لل نبؤ بقدتاتها المحص لية
ول حقيق  با ال رض تم ا ص ل على  باع  عبعة لث ثاة أصانا  

 اااااتا المحاصاااااي  حطااااة حطااااة البحاااا   الزتاعياااااة الخاصااااة ممنزتعااااة م
 امعاااة  -ال اااكرية انساااكندتية وكااابل  ق ااام ال تاثاااه بكلياااة الزتاعاااة 

 C9 G.T. 54-9, PH)انساكندتية و ابا انصاانا  المنزتعاة  اي 

8013 and NCO 310) . 
تم  قطيااال ال ااايقام    قطااال صااا  ت عااا ل منطقاااة العقاااد ل ح ااا   

علااى باارعم واعااد وتم   طيااة أعااد أسااط  القطاال  القطعااة ال اعاادت منهااا
 0.0.ماار ال ااط  افي اار    لاا ل تاف  بينمااا    ابطبقااة مااث لاال الباا

ماااث الك لني ااا  عااا وت علاااى  عا اااة الااانعم الم  ااا س بقطعاااة ماااث  %
أ ريت  ابا المعاملاة . القطث مبللة محل ل الك لني   سال  البكر

مث ك  صن   قلات بعاد قطعة  ..0أياا، تم اس كداا قرابة  7لمدت 
 با المعاملة  لى ماء الصنب ت وسم  اا النم  عتى وص    ل المجم ع 

ساام، و قلاات بعااد ا النباااع   لى ا قاا  وتم قيااا   .0الخضاار  قرابااة 
و اااابا .  صاااااثير كثاااا ا كعاااادس الب ساااا يدا  وةااااك  ا اااازا ال عاثيااااة

 .ل  بل النباع  النامية نا  أو كالع ام  اع ن  ك
 DNA وكاااابل  الاااااتم ستاسااااة الخصاااااثير الفيزوكيماويااااة للكرومااااا   

و قديركمياااة النو يناااا   DNAمثااا  كمياااة الاااا  المنااازوع ماااث أ  ياااة انوتا 
الكروم سااا مية الكلياااة وكمياااة اا ااا  و    ان  ياااة وكمياااة النو يناااا  

 DNAال   ااا   ية و قااادير ست اااة عاااراتت   صاااهات الكروماااا   وكااابل  
، و ااا ل م  اااة nm .06            علاااى  ااا ل م  اااة اااالى النو ااا  

08. nm . 
وكبل  تم  قدير بعض الصفا  المحصا ليه مثا  الما اس الصالبة الكلياة  
وقياااا  م  سااال أ ااا ال النبااااع  وكااابل  قياااا  م  سااال قطااار سااايقام 

تمكاث : النباع  وفيما يلي ملكصا ن ام الن ااثا الا  تم ا صا ل عليهاا
اعفا  للم م عاااااة الكروم سااااا مية   البحاااااث ا اااااا  ماااااث    اااااا   ضااااا

   0م  سال  PH 8013  المئة و  الصان   9م  سل  C9الصن  
المئاااة بينماااا فنااا     اااا   ضااااعفا  للم م عاااة الكروم سااا مية للصااان  

NCO 310  . و ااراو  عاادس الب ساا يدا  الخضااراء   الخاا يا ا اتسااة
ع ان الكنا  ب س يدت لك   لية وي 06 لى  9للنباع  المدتوسة مث 

وسااايلة ( عااادس الب سااا يدا )المبكااار اسااا كداا الخااا يا ا اتساااة للث ااا ت 
وتمياااااز   .ل حدياااااد ال ضااااااع  للم م عاااااة الكروم سااااا مية  اماااااة  ااااادا

النباااع  الم ضاااعفة بكاان ع اام الخاا يا وباالء النماا  وكاان ع اام ا اازا 
ويكاا م البحااث ا ااا  قااد . ال عاثيااة وسماا   بقااة البناارت علااى انوتا 

  ن  PH8013وكابل  C9    ا   باع  م ضاعفة مث الصان  نج   
والاب    C9 للصان ال ضااع   أم الدتاسة ا الياة اق صار  علاى و اا
 .ابا الصن ثم  كثاتا ل قيم اقي الخ اص المحص لية 

وبدتاسة ان   فا    التركيل الكيمياثي وست ة عاراتت ان صاهات 
والمثاابل مااث الجيناا ا فيمااا باا   للكرومااا   وكاابل   قاادير الجاازء النناال

النباااع  الثناثيااة والم ضاااعفة نجااد ام اياال  اابا ان   فااا   ف اار لنااا 
 .ا     النناط الن كي ب   با النباع 

 
 

 
 


