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ABSTRCT 
 
 Five promising lines of maize namely, GM34, GM35, GM36, GM40 and GM42 with different reaction of 
drought tolerance were used in this study.These lines were grown under normal and drought conditions in pots 
under greenhouse conditions with three replicates in the farm of Mansoura city, while, Molecular markers 
technique was done in department of genetic and cytology, division of genetic engineering and Biotechnology, 
National Research Center using peroxidase and polyphenol oxidase isozymes and four specific-primers of PCR 
analysis, namely; (TOR-7) primer for high level of proline content, (Po-15) primer for high limit of root length, 
(RF-11) Primer for high level of trehalose content and (DYR-4) for high concentration of gibberllic acid content 
as index for drought tolerance in maize. From the our previous results it could be concluded that the best lines 
for drought tolerance using molecular markers technique were GM36, GM40 and GM42 in maize, respectively.  
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Introduction 
 
 Drought, like many other environmental stresses, has adverse effects on crop yield. Low water availability 
is one of the major causes for crop yield reductions affecting the majority of the farmed regions around the 
world. As water resources for agronomic uses become more limiting, the development of drought-tolerant lines 
becomes increasingly more important. Evidence of variations for available water within a field imply a need for 
a reasonable level of drought tolerance in all maize hybrids since farmers typically grow only one hybrid in any 
given field. Seed companies strive to produce newer hybrids and varieties with enhanced tolerance to stressful 
growing conditions. Over the years, maize breeders have aimed to generate hybrids with higher grain yield 
potential, better grain yield stability and improved grain traits for end‐ users. Understanding the nature of the 
higher grain potential and enhanced yield stability especially in stress-prone environments will provide 
opportunities to improve the breeding process. 
 An historical perspective of the genetic improvements and other factors on overall maize yield increases 
will first be discussed. Since maize yields have been steadily rising in the last few decades, the nature of these 
improvements has directed the current selection strategies in commercial and institutional breeding programmes. 
Following the historical perspective, a description of some of the variations in the conventional breeding 
methods and uses of managed environments will be provided. A discussion will ensue of genomic‐ related 
methods and tools that will provide further understanding of the molecular nature of stress improvements and 
undoubtedly shape the future of breeding strategies using molecular markers technique and isozymes 
electrophoresis  to help breeders for drought tolerance in maize under Egyptian conditions. 
 

Material and Methods 
 
 Five lines of maize were grown in pots under normal and drought conditions in three replicates under 
greenhouse conditions in the farm of Mansoura city and some chemical traits were conducted in National 
Research Center, Department of Genetic and Cytology, Division of Genetic Engineering and Biotechnology in 
season 2013.  

 
Table 1: The pedigree and reaction for drought tolerance in some lines of maize. 

No. of lines Name Origin Reaction for drought 

L1 GM34 (GM.Y.R.Har) Tolerance 

L2 GM35 (Comp≠7-43) Susceptible 

L3 GM36 (Comp≠11-4-7) Tolerance 

L4 GM40 (TORD-7-M-15) Moderate 

L5 GM42 (ITM-4-3-2) Tolerance 
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Note:  

1. Normal conditions: The first irrigate after 21 day from sowing and six irrigates and the period between each 

two irrigates  was12-15 days.  

2. Drought conditions: The first irrigate after 21 days from sowing and three irrigates and the period between 

each two irrigates was 20-22 days.  

 

Molecular Genetic Studies: 

 

A] Isozymes electrophoresis:  

 

 Native-polyacrylamide gel electrophoresis (Native-PAGA) was conducted according to (Stegemann et al., 

1985) to identify isozyme variations between normal and drought conditions in the five parents of maize using 

two isozymes systems; peroxidase and polyphenol oxidase, respectively.  

 After electrophoresis, gels were stained according to their enzyme systems with the appropriate substrate, 

chemical solutions and then incubates at room temperature in dark for complete staining. For peroxidase, 

benzidine – dihydrochlorideHcl of 0.125gm and 2mL.glacial acetic acid and was completed with distilled water 

up to 50mL. Gel was placed into this solution and five drops of hydrogen peroxidase was added. The gel was 

incubated at room temperature until bands appear (Brown, 1978). For polyphenol oxidase, 100mL of sodium 

phosphate buffer 0.1M at pH 6.8 15mg cathecol and 50mg sulfanilic acid were used. The gel was placed into 

this solution and incubated at 30ºc for 30mins. until bands appeared.  

 

B] Specific-PCR analysis:  

 

 DNA was extracted for the leaves of the selected plants of five maize lines which different reaction for 

drought tolerance using for specific-primers as index for drought tolerance namely:  

1. (TOR-7) primer as index for drought tolerance in maize by increasing the limit of proline content and the 

sequence as follow:  

 

TAAAGGGTCCCTAAAGGCTAGGGAACCCCTTTTACCCGGAAACCCTAAAGGGAACCCGGAAACCC

GGGAAACTAAGGGGAAAAACCCTTACCGGGAAACCCTGCCCTGGGAAAAGGACCTAAGGGAAAG

GGAAACCCTTTCCCAGAAACCCTTTGGACC 

2. (PO-15) primer as index for drought tolerance in maize by increasing the root length during water stress and 

the sequence as follow:  

AAACCCGGGAAACCCGGGCCCTTTTACCCAACCGGGGAAATGAGGGGGAAAATTTTAAGGGGAA

AACCCTAAAGGGAAACCGGGAAACCCGGGGAAAGGGGAAAACCCTGGGAACCCGGGATTGGGAA

AGGGAAACCCTTAGGGAAACCCTTTAAAGGGGACCC 

3. (RF-11) Primer as index for drought tolerance in maize by increasing the level of trehalose content in leaves 

during water stress and the sequence as follow:  

AAACCCTTTGGGAAAAACCCTAGGGAAAAGGGAAAAAGGGACCCTTAGGGAAGGGGAAAAGGAT

TTTGGAACCCCTTTTAGGGAAAAGGGAAAGGGAATTTTAAGGGAAAACCCTAAGGAACAATTGCC

CAAGGGGGGGAAACCCTAAAAGGGACCCTTAAACC  

4. (DYR-4) primer as index for drought tolerance in maize by increasing the level of gibberellic acid content and 

the sequence as follow:  

CCCAAGGGAATTTCCCAACCCGGGAAACCCTTAAAGGGAAACCCAAATTTAGGGGAAACCCTTAA

GGGAAACCCTAAACCCTAACCCCGGGAAAGGGAAACCCTAAAACCCAAACCCTTAAAGGGAAAC

CCTAAACCCTTAAGGGGAAAAACCCTGGGGGAAATTTTAAGG. 

 
Table 2: Gel electrophoretic buffers:  

TBE buffer 10x 

Tris 10.80g 

Boric acid 5.50g 

EDTA 0.74g 

H2O(dd) Up to 100mL 

Loading buffer 

Tris 10.8g 

Boric acid 5.59g 

EDTA 0.74 

H2O(dd) Up to 100Ml 

 

According to the method of Graham et al., 1997. 
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Agarose  Gel Electrophoresis: 

 

 PCR amplification products were analyzes using 1.5% agarose gel electrophoresis in 1x TBE buffer and 

stained with ethidium bromide. The run was performed at 100V in Bio Rad submarine. The bands of amplifies 

DNA ladder of 100 to 2000 base pairs and photographed with gel documentation system(Williams et al., 1990, 

Graham et al., 1997 and  Sharma et al., 2003).  

 

Gel Analysis: 

 

 Gels were photographed under ultra violet with polaroid film 667 and scanned with Bio-Rad video 

densitometer model 620 at awafa length of 557 soft were data analysis for Bio-Rad model 620 USE 

densitometer and computer were used.  

 

Results and Discussion 

 

A.Molecular markers:  

 

A.1. Isozymes electrophoresis:  

 

A.1.1. Peroxidase Isozymes:  

 

 The electrophoretic patterns of peroxidase isozymes under normal and drought conditions in maize were 

showed in table (3) and fig. (1).  

 A total number of seven bands were exhibited; all bands were appeared in all parents of maize under normal 

conditions. While, the bands number (1, 2, 3, 4, 5, 6, 7) were not appeared in the parents (1, 4), (2), (1, 2), (1, 2, 

3), (2, 3, 4), (1, 2, 3, 4) and (1, 2, 3, 4) for each bands under drought conditions, respectively. The preview 

results indicated that few bands disappeared under water stress as compared with the normal conditions. The 

reason for decreasing in peroxidase activity after water stress maybe due to damage of the protein which control 

for drought tolerance in maize. The results showed that the parents number 3 and 5 for the bands number 1, 2 

and 3 were highly tolerance for drought when its were sufficient compatibility to express different reaction in 

water stress as compared with the normal conditions, as well as antioxidant enzymes which response to different 

ability for abiotic stresses and proved the favorable conditions to this protein in order to have their a little 

activity to neutralize the free radicals which are produced under water stress.   

 Finally, using of peroxidase isozyme as a marker for drought tolerance in maize and found that the profile 

of peroxidase enzyme was modified during water stress conditions, also a new subset of proteins induced by 

drought conditions compared to normal conditions and this behavior maybe due to its ability to drought 

tolerance or due to the effect of water stress which may cause some shift in gene expression. (El-baz et al., 

2003) and (Roy &Mandal, 2005). 

 

A.1.2. Polyphenol oxidase isozymes: 

 

 Six bands appeared for polyphenol oxidase in maize under normal and drought conditions (Fig. 2 and Table 

3). The six bands were commonly bands detected for all parents studied under normal and drought conditions 

except the bands (1, 2, 3, 4, 5, 6) for the parents; (p5), (p1, p2, p4, p5), (P1, p4), (p1, p2, p5), (p2, p4) and (p2, 

p5) for each band, respectively under drought conditions only. The appearance of these bands under all 

conditions was different in densities and intensities especially under drought conditions.  

 It is noted that, the variations occurred under drought conditions compared with the normal conditions 

confirmed that its trigger the induction of compounds that regulate the induction or the activity of the tolerance 

for drought in maize.  

 The polyphenol oxidase isozymes activity decreased with increasing the level of water stress in the bands 

number (2, 3) for the parents number (1 and 4) which showed very little activity because damage of the protein 

which controlled for drought tolerance. These results were in agreement with (El-Beltagi et al., 2010) who 

found that the reason for decreasing in polyphenol oxidase activity after roasting may be due to protein 

denaturation. Also (Gautom et al., 1998) and (Montavon and Bortlik, 2004) reported that roasting treatments 

decline polyphenol oxidase activity in mushroom and coffee. The previous results are similar to the results of 

(Lee et al., 2007) who reported that antioxidant enzymes were upregulated under drought conditions in rice 

leaves, and also the enzymes related to metabolic pathway were differently accumulated for the ability for 

drought tolerance in maize.  

 On the other hand, the highest activity from the two isozymes were found in the parents number (3, 4, 5) 

under normal conditions and water stress. These results are in agreement with (Nagesh and Devaraj, 2008), who 
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confirmed that quantitative and Qualitative alteration in antioxidant enzyme system are often related to level of 

resistance to water stress, with quantitative changes in the enzyme level alterations observed in intensities and 

number of isozyme bands during applied stress and decrease of isozyme activity indicated gradual degradation 

of these enzymes on their structural modification under increased drought tolerance in maize, whereas the 

banding pattern expressing differential intensity shows the varying status of anenzyme affected by the stress of 

water.  
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B.Specific-PCR-Markers:  

 

 The results in fig. 3 revealed that the band number 6 with molecular weight of 550bp was observed in all 

lines of maize using (TOR-7) primer which indicated that this band was common band in all lines and marker 

for drought tolerance by increasing the level of proline content to keep on water in cells and increasing the 

ability of rising the rate absorption of the water from the large depths in the soil and help to reduce exit the 

water in the cases of drought, while, the bands 6 and 7 with molecular weights of (600 and 370 bp) were showed 

in the lines (1,2) and (3, 4, 5) for each band, respectively using (PO-15) primer for root length (fig. 4), which 

indicated that these bands were common bands in these lines of maize by increasing the level of root length to 

absorption the water from deeply soil under drought conditions.  

 On the other band, the bands number 2 and 4 with molecular weights of 1350 and 1100 bp were observed in 

the lines (L1, L2, L3 and L5) for the first band and (L4) only for the second band, respectively, using (RF-11) 

primer as index for drought tolerance by increasing the rate of trehalose content under drought conditions which 

help to lock the mouths of leaves during the process of transpiration and evaporation to maintain the water in 

fig. 5 which showed that these bands were common band and marker for drought tolerance in maize.  

 The results in fig. 6 revealed that the bands number 3 and 7 with molecular weights of (1250 and 450 bp) 

were observed in the lines number (1, 2, 3, 4) for the first band and L5 only for the second band, respectively, 

using (DYR-4) primer which showed that these two bands were marker and common band in these lines for 

drought tolerance by increasing the level of Gibberellic acid in cells which mediate the adaptation of leaf growth 

in response to drought, act different developmental stages in mature cells, function in expanding and dividing 

leaf cells. This provides the plants of maize with a means to differentially control the developmental zones of a 

growing leaf and to integrate environmental signals differently in sink and source tissues of maize. These results 

were in agreement with those reported by (Ruiz et al., 2001), (Loush and Lucas, 2006), (El-Said, 2007), (Omid 

et al., 2007), (Corbesir et al., 2007), (Mouchel and Leyser, 2007) and (Skirycz et al., 2010), where they 

observed that Gibberellic acid played an important role for drought tolerance in plants.  
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Table 3: Effects of different levels of water on peroxidase and polyphenol oxidase isozymes in leaves of maize. 

Band 

No. 

Normal conditions Drought conditions 

P1 P2 P3 P4 P5 P1 P2 P3 P4 P5 

Peroxidase Isozymes 

1 +++ + +++ +++ +++ - +++ ++ - ++ 

2 +++ + +++ +++ +++ + - ++ + +++ 

3 +++ + + + + - - ++ ++ +++ 

4 ++ ++ +++ +++ +++ - - - ++ +++ 

5 +++ +++ +++ +++ +++ + - - - +++ 

6 +++ +++ +++ +++ +++ - - - - +++ 

7 +++ + + +++ +++ - - - - ++ 

Total 7 7 7 7 7 2 1 3 3 7 

POLYPHENOL OXIDASE ISOZYMES 

1 ++ ++ ++ +++ +++ +++ +++ +++ +++ - 

2 +++ + + +++ + - - +++ - - 

3 ++ + + +++ + - ++ ++ - + 

4 ++ + + + +++ - - ++ +++ - 

5 + ++ + + + + - ++ - + 

6 + ++ + + ++ ++ - ++ + - 

Total 6 4 5 6 6 3 2 6 3 2 

Total 13 11 12 13 13 5 3 9 6 9 

 P1: GM34 (+) : Very faint 

 P2: GM35 (++) : Faint 
 P3: GM36 (+++) : dark 

 P4: GM40 (++++) : Very dark 

 P5: GM42  
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