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ABSTRACT 

Water stress is one of the main limiting factors for wheat 

yield in the semi-arid plains of Algeria, and this recom-

mends wheat cultivars grown there as potential donors of 

genes, controlling traits that can improve performance 

under stress. Fourteen wheat cultivars grown on signifi-

cant acreage in Algeria were analyzed to explore the poly-

morphism of several SSR markers located on chromosome 

7A, which was associated with drought resistance in many 

previous studies. Markers Xwmc9, Xwmc596 and Xwmc603 

showed polymorphism among both T. durum and T. aesti-

vum Algerian wheat cultivars. None of the studied Algerian 

cultivars produced an electrophoretic profile similar to the 

less drought resistant Romanian cultivar used as a check, 

but some cultivars had profiles similar to the drought re-

sistant Romanian check, for some of the markers. For 

most Algerian cultivars, the observed polymorphism was 

different from that found in Romanian cultivars. The poly-

morphism found among Algerian cultivars for markers 

located on chromosome 7A offers chances of finding use-

ful associations between these markers and traits that can 

contribute to improved drought resistance. 
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INTRODUCTION 

 
ater stress is one of the main limiting 

factors for wheat yield in many regions, 

including the semi-arid plains of Algeria (Bou-

lal et al., 2007).  

The cereals are cultivated through the 

whole of the agro-ecological zones of the coun-

try, but they are primarily localized in the semi-

arid areas and even arid (where precipitations 

varies between 200 and 500 mm) and thus are 

subjected to the climatic risks which strongly 

penalize the production (Boulal et al.,  2007). 

The weakness of precipitations, their ir-

regularity and raised evaporation in this area, 

cause water deficits at the various stages of the 

culture, which, during the vegetative period 

and even at the stage of reproduction and grain 

development, negatively influence the physio-

logical processes of the plant and thereafter the 

yield (Abed et al., 2000).     

Breeding drought resistant cultivars is an 

important way to increase yield under water 

stress (Zhang et al., 1999). Progress in breed-

ing for drought resistance depends on identify-

ing genetic sources for traits which can im-

prove performance under stress. Wheat culti-

vars grown in the semi-arid part of Algeria are 

potential donors of genes controlling such 

traits. Transfer of these genes can be acceler-

ated by identification of molecular markers 

associated with drought resistance traits and 

their use in marker assisted selection. 

Several studies associated chromosome 

7A with drought resistance in wheat (Morgan 

and Tan, 1996; Galiba, 2002; Cattivelli et al., 

2002). Morgan (1991) located a gene for os-

moregulation („or”) on chromosome 7A, and 

later Morgan and Tan (1996), using RFLP 

analysis, established the location of this gene 

on the short arm, at about 13 cM distance from 

the centromere.   

The objective of this work was to explore 

the polymorphism of several SSR (Simple se-

quence repeat) markers located on chromo-

some 7A, in fourteen wheat cultivars, grown 

on significant acreage in Algeria.  
 

MATERIAL AND METHODS 
 

Nine durum wheat cultivars - Triticum 

durum (Table 1) and five common wheat cul-

tivars - Triticum aestivum (Table 2), grown in 

various regions of Algeria, kindly provided by 

the Technical Institute for Field Crops (Institut 

Technique des Grandes Cultures), Alger, were 

planted at the National Agricultural Research 

and Development Insitute Fundulea, Romania. 

Three of these are local populations and the 

rest were introduced from other countries, 

based on their adaptation to the growing areas 

of Algeria (Boufenar et al., 2006). 

Two Romanian wheat cultivars (Izvor and 

Jiana), characterized by Bănică et al. (2008) as 

different for osmotic adjustment ability, were 

also included as checks in the analysis of DNA 

polymorphism. 
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Table 1. Name, origin, earliness and drought response of 

durum wheat cultivars (Triticum durum), included in the 

study (Boufenar et al., 2006) 

 

Cultivar Origin Earliness 
Drought 

response 

Waha ICARDA/Syria Early Susceptible 

Chen’s’ ICARDA/Syria Early Tolerant  

Bidi 17 Local Late Resistant  

Vitron Spain Medium 

early 

Susceptible 

Hedba 3 Local Late Susceptible 

Mohamed 

ben bachir 

Local Late Tolerant  

Gtadur CIMMYT/Mexico Early Resistant  

Bousselem ICARDA/Syria Late Resistant  

Mexicali CIMMYT/Mexico Late - 

 
Table 2. Name, origin earliness and drought response of 

common wheat cultivars (Triticum aestivum), included 

in the study (Boufenar et al., 2006) 

 

Cultivar Origin Earliness 
Drought 

response 

Hiddab CIMMYT/Mexico Medium 

early 

Tolerant  

Arz CIMMYT/Mexico Medium 

early 

Resistant  

Anza USA Early Resistant  

Mahon 

demias 

Spain Late Tolerant  

Ain abid Spain Medium 

early 

Tolerant  

 

DNA extraction was achieved using a 

CTAB (Cetyl trimethyl ammonium bromide) 

based protocol adapted from Saghai-Maroof et 

al. (1984) and Henry (1997). 

The amplification was performed in a 25 

µl final volume of a reaction mixture, which 

included reaction buffer 1x, 0.2 mM each de-

oxinucleotide, 0.25 mM each primer, 1.5 mM 

MgCl2, 1U of enzyme Taq polymerase 

Promega and 50-100 ng genomic DNA matrix. 

The PCR reaction was performed using a 

thermo-cycler Applied Biosystem GeneAmp 

9600, programmed for: 3 minutes initial denatu-

ration at 94ºC, followed by 35 cycles, each con-

sisting of: 1 minute at 94ºC, 1 minute at 61ºC, 2 

minutes at 72ºC and a final extension of 10 

minutes at 72ºC. PCR products were evaluated 

by electrophoresis, on 2% agarose gels in 0.5 x 

TBE buffer, stained with ethidium bromide and 

were recorded as BioPrint images. 

Here we present the results obtained with 

three pairs of primers, located on chromosome 

7A (www.graingenes.org), which showed 

polymorphism among Romanian cultivars dif-

fering in drought response (Ciucă and Petcu, 

2009) (Table 3). 

 
Table 3. SSR markers and corresponding primers used 

in this study (Somers and Isaac, 2004) 

 

Marker Primer 

Forward ACAAACGGTGACAATGCAAGGA 
Wmc603 

SSR-7A Reverse CGCCTCTCTCGTAAGCCTCAAC 

Forward AACTAGTCAAATAGTCGTGTCCG 
Wmc9  

SSR-7A Reverse GTCAAGTCATCTGACTTAACCCG 

Forward TCAGCAACAAACATGCTCGG 
Wmc596  

SSR Reverse CCCGTGTAGGCGGTAGCTCTT 

 
According to Somers and Isaac (2004) 

these markers are closely linked in a position 

close to the centromere of wheat chromosome 

7A (Figure 1). 

 
 

 
  

Figure 1. Position of markers Xwmc9, Xwmc596 and 

Xwmc603 on chromosome 7A (Somers and Isaac, 2004) 

 
RESULTS  

 
The PCR products obtained using the 

primers for the marker Xwmc603 showed 

polymorphism among Algerian wheat culti-

vars. None of these cultivars was similar with 

the less drought resistant check Jiana, but cul-

tivars Hedba3 (T. durum), Bousselem (T. du-

rum) and Mohamed Ben Bachir (T. durum) 

produced amplification products similar with 

the drought resistant check Izvor. The other 

cultivars, and especially Mahon Demias        

(T. aestivum), Mexicali (T. durum), Vitron   

(T. durum), Chen’S’ (T. durum) etc., showed a 

polymorphism not found in Romanian culti-

vars (Figure 2). 
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Figure 2. Electrophoretic profiles obtained with the primers 

for marker Xwmc603: 
(i. Izvor;  j. Jiana; 1. Hedba3; 2. Mexicali; 3. Ain Abid; 4. Vitron;  

5. Bousselem; 6. Chen’s’; 7. Arz; 8. Mohamed Ben Bachir; 9. Anza; 

10. Bidi17; 11. Waha; 12. Gtadur; 13. Hiddab; 14. Mahon Demias) 

 
The PCR products obtained using the 

primers for marker Xwmc9 also showed sig-

nificant polymorphism among Algerian culti-

vars (Figure 3). None of these cultivars was 

similar with the less drought resistant check 

Jiana, nor with the drought resistant check Iz-

vor. One of the two band observed in the resis-

tant check was similar with the band present in 

cultivars Hedba3 (T. durum), Mexicali (T. du-

rum), Bousselem (T .durum), Chen’s’ (T. du-

rum), Bidi 17 (T. durum), Arz (T. aestivum) or    

Hiddab (T. aestivum), but the second band 

cannot be seen in these cultivars. Other culti-

vars show specific amplification products, not 

found in the checks. It is to be noted however 

that marker Xwmc9 is located not only on 

chromosome 7A, but also on chromosome 1A, 

so that part of the observed polymorphism 

might not be due to differences on chromo-

some 7A. 

 

 

 

 

 

 

 
 

 

 

 

Figure 3. Electrophoretic profiles obtained with the primers 

for marker Xwmc9: 
(j. Jiana; i. Izvor; 1. Hedba3; 2. Mexcicali; 3. Ain Abid; 4. Vitron;  

5. Bousselem; 6. Chen’s’; 7. Arz; 8. Mohamed Ben Bachir; 9. Anza; 

10. Bidi17; 11. Waha; 12. Gtadur; 13. Hiddab; 14. Mahon Demias) 

Electrophoretic profiles obtained with the 

primers for marker Xwmc596 also showed 

polymorphism among the wheat cultivars from 

Algeria (Figure 4). Again, none of these pro-

files was similar with the check cultivar Jiana, 

but cultivars Mexicali (T. durum), Ain Abid 

(T. aestivum), Anza (T. aestivum), Bidi17      

(T .durum) and Gtadur (T. durum) were similar 

with check Izvor. Several cultivars, including 

Bousselem (T. durum), Mohamed Ben Bachir 

(T. durum) and Mahon Demias (T. aestivum) 

had specific profiles, significantly different 

from the checks. 

 

 

Figure 4. Electrophoretic profiles obtained with the primers 

for marker Xwmc596: 
(j. Jiana; i. Izvor; 1. Hedba3; 2. Mexcicali; 3. Ain Abid; 4. Vitron;  

5. Bousselem; 6. Chen’s’; 7. rz; 8.Mohamed Ben Bachir; 9. Anza;  

10. Bidi17; 11. Waha; 12. Gtadur; 13. Hiddab; 14. Mahon Demias) 

 

DISCUSSION 
 

Our results show a considerable polymor-

phism among wheat cultivars grown in Alge-

ria, for all three markers presented in this pa-

per. The polymorphism was present both in 

Triticum durum and T. aestivum cultivars. 

None of the studied Algerian cultivars 

produced an electrophoretic profile similar to 

the less drought resistant Romanian cultivar 

used as a check, but some cultivars had pro-

files similar to the drought resistant Romanian 

check, for some of the markers.  

Ciucă and Petcu (2009), studying the 

same markers in doubled haploid lines derived 

from a cross between cultivars Izvor and Jiana, 

used as checks in our study, found that mark-

ers Xwmc9, Xwmc596 and Xwmc603 co-

segregated, showing a complete correspon-

dence between grouping the lines according to 

the alleles of the three markers. In contrast, 

j i 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

j i 1  2  3 4 5 6 7 8 9 10 11 12 13 14 
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Algerian cultivars having electrophoretic pro-

files similar to Izvor for one marker, did not 

have the same similarity for the other markers. 

This suggests that the Algerian cultivars carry 

various combinations of alleles at the three 

marker loci, not found in the Romanian culti-

vars. 

Further studies should establish to what 

extent the polymorphism found in Algerian 

cultivars for markers Xwmc9, Xwmc596 and 

Xwmc603 is associated with traits contributing 

to drought resistance. 

 

CONCLUSIONS 
 

SSR markers Xwmc9, Xwmc596 and 

Xwmc603 showed polymorphism among the 

tested Algerian T. durum and T. aestivum 

wheat cultivars. 

 The observed polymorphism was, to a 

large extent, different from that found in Ro-

manian cultivars. Cultivars that had an electro-

phoretic profile similar to the drought resistant 

Romanian cultivar Izvor for one marker had 

different profiles for the other markers. 

 The polymorphism found among Alge-

rian cultivars for markers located on chromo-

some 7A offer chances of finding useful asso-

ciations between these markers and traits that 

can contribute to improved drought resistance. 
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