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INTRODUCTION 

 

Wheat is one of the most widely used basic food stuff in the world. It grows on 
more than 218.000.000 hectares, and is consumed by 2.5 billion people in 

approximately 89 countries. Its agronomic adaptability has resulted in an 

extensive production in almost all parts of the world and wheat trade is larger 
than all other crops combined together. Wheat offers easy storage and is used by 

many ways in food production. It is a great source of carbohydrates and proteins. 

Wheat is considered to be the world oldest and most widely grown plant. The 

beginnings of cultivation coincide with the period of the emergence of agriculture 

in 10 - 8 thousand years B.C. and up to 25.000 different cultivars of wheat are 

grown at present (Gustafson et al. 2009). 
Current genetic and genomic information about wheat is extensive and contains 

partial knowledge of various types of markers up to the genomic sequence data. 

Genome research of wheat is considerably complicated due to its genome 
complexity and size, which is about 17 Gb in the case of hexaploids and 

combined with the fact that each individual chromosome of wheat has a size in 

the range of 605 - 995 Mb (Doležel et al. 2009). 
Up to date, several different types of DNA markers have been used in the 

mapping of the wheat genome, that were used to describe the whole genome 

polymorphism of various wheat varieties (Kaffeel, 2014, Kuťka Hlozáková et 

al. 2016) or mapping studies of different types of resistance (Kaur et al. 2008). 

Marker based studies aimed to the drought tolerance are applied as well.  Wei et 

al. (2009) has used  DNA markers for  mapping analysis of drought candidate 
genes DREB1 and DREB2 and CAPS markers were chosen to map DREB3 and 

CBF genes (Miller et al. 2006).  

Ashraf et al. (2010) reported that the use of four conventional marker systems - 

AFLP, RFLP, SSR and ISSR are suitable to analyze the polymorphism among 

parental genotypes and F2 generation of twelve wheat genotypes. This study has 

developed the DNA resistance markers based on 38 RAPD primers, 25 ISSR 
primers and 46 SSR primers, which can be used in the breeding programs as a 

selection tool. The mapping of drought QTL loci has been applied up to date in 

many crops such as maize, wheat, barley, cotton, sorghum and rice (Quarrie et 

al. 1994; Teulat et al. 2008, Sari-Gorla et al. 1999, Sanchez et al. 2002, 

Bernier et al. 2008). 

Here, CDDP markers were used to analyse the length polymorphism in the 
genome of two drought tolerant wheat varieties and two drought susceptible 

wheat varieties. 

 

MATERIAL AND METHODS 

 

The biological material used for the analysis consisted from wheat varieties 

Venturero and Seladon (drought tolerant) and varieties Aladin and Dagmar 

(drought susceptible). Total genomic DNA was extracted from young leaves 

following the method of Rogers and Bendich (1994). Markers based on 
conserved regions of DNA or gene families represent a group of gene-specific 

marker systems including techniques PBA and CDDP (Tab 1). Primers are here 

derived from protein sequences of well characterized genes. GC pair’s content by 
CDDP primers exceeded 60% (Xie et al. 2005). The letter "S" denotes the 

presence of a C or G base. PBA primers were again designed using human 

cytochrome P450 sequences (Inui et al. 2000).   
 

Table 1 List of CDDP primers utilized for this analysis 

Primer Sequence Marker system 
Length 

(bp) 

WRKY-R1 
5´-

GTGGTTGTGCTTGCC 
CDDP 15 

WRKY-R2 5´-GCCCTCGTASGTSGT CDDP 15 

WRKY-R2B 5´-TGSTGSATGCTCCCG CDDP 15 

WRKY-R3 
5´-

GCASGTGTGCTCGCC 
CDDP 15 

WRKY-R3B 
5´-
CCGCTCGTGTGSACG 

CDDP 15 

Legend: G – guanine, T – thymine, C – cytosine, A – adenine, S – strong (G or 

C) 
 

Wheat is considered to be the world oldest and most widely grown plant. Current genetic and genomic information about wheat is 

extensive and contains partial knowledge of various types of markers up to the genomic sequence data. Up to date, several different 

types of DNA markers have been used in the mapping of the wheat genome, that were used to describe the whole genome polymorphism 

of various wheat varieties. In study, CDDP markers were used to analyse the length polymorphism in the genome of two drought 

tolerant wheat varieties and two drought susceptible wheat varieties. Polymorphism has not been obtained in relation to the type of 

drought resistance in the analyzed wheat varieties in the summary of the CDDP profiles. The primer combination WRKY-F and WRKY-

R1 has one fragment with a constant amplicon length of 129 bp in all the analyzed varieties. For the combination of WRKY-F and 

WRKY-R2, the length of the amplicon shifted to 129-130 bp and to the 130-132 bp by F/R3 combination. The combinations of WRKY-

F and WRKY-R2b and WRKY-F and WRKY-R3b with the exception of the Dagmar variety (WRKY-F and WRKY-2b) did not amplify 

amplicons of the given size. For the F/R1 primer combination, the fragments 301-304 bp, 138-140 bp and 187-192 bp were also typical. 

The second primer combination (WRKY-F and WRKY-R2) has generated fragments of the length of 156-158 bp and 181-186 bp in 

addition to the 129-130 bp fragment in all varieties. All are nonspecific. The marker system provides monomorphic profiles in all 

analyzed varieties and the total number of detected fragments was 81. 
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PCR amplification was performed by 2x MyTaq polymerase (Bioline) 600 
nM.dm-1 of primers and using of 50 ng of DNA. Amplification reactions were 

performed in C1000 thermocycler (BioRad) with following temperature and time 

profile: 95°C, 5 minutes (95°C, 60 sec; 50°C, 60 sec; 72°C, 120 sec) 45 times 
plus 72°C 10 minutes final elongation. Amplified fragments were separated in 

2% agarose gels stained by GelRed (Biotium) and analyzed online by 

GelAnalyser. 

 

RESULTS AND DISCUSSION 

 

CDDP marker system has generated in the genome of Venturero variety the DNA 

fragments that were depended on the used reverse primers. The combination of 
primers WRKY-F and WRKY-R2 amplified fragments of the length of 227-228 

bp. The largest fragment among all primer combinations in this variety is the 387 

bp fragment obtained in the forward combination of WRKY-F and WRKY-R3, 
but it can not be considered as variety or primer specific. Amplicon of the length 

151-160 bp is the only fragment that is present in all primer combinations, and 

thus can be included among the nonspecific amplicons obtained in the CDDP 
analysis. In addition, fragments of the length of 129-132 bp (WRKY-R1, 

WRKY-R2 and WRKY-R3), 182-187 bp (WRKY-R1, WRKY-R2 and WRKY-

R2b) and 227-228 bp (WRKY-R2 and WRKY-R2b) were also amplified in the 

Venturero variety. Reverse primers WRKY-R2b and WRKY-R3b gave only 

three fragments to amplify. 

The Seladon variety resembles Venturero in the obtained CDDP profile, because 
fragments of the maximum length (375 bp, figure 1a) were amplified in the 

primer combination of WRKY-F and WRKY-R3 and the minimum length in the 

forward combination of WRKY-F and WRKY-R2. Another common feature is 
the variety nonspecific fragments of lengths of 155-159 bp present in all primer 

combinations and potentially specific fragments of WRKY-R1, WRKY-R2 and 

WRKY-R3 reverse primers (129-131 bp) and WRKY-R1, WRKY-R2 and 
WRKY-R2b reverse primers (182-187 bp). The difference between Seladon and 

Venturero is the replacement of the amplified fragments generated by WRKY-R2 

and WRKY-R2b in the Venturero variety with a length of 215-216 bp (WRKY-
R3 and WRKY-R3b). The least abundant primer combinations in the Seladon 

variety were WRKY-F/ WRKY-R2 and WRKY-F/WRKY-R2b. 

Nor the Dagmar variety differs from the previous two varieties from the 
perspective of the obtained CDDP profile. The longest amplified fragment has a 

length of 383 bp (figure 1a). What has been observed in the Seladon variety with 

connection to nonspecific and primer-specific fragments is also applicable to the 

Dagmar variety. Fragments of the length of 152-158 bp are variety nonspecific as 

well as fragments 129-132 bp (WRKY-R1, WRKY-R2, WRKY-R3 and WRKY-

R2b), 181-189 bp (WRKY-R1, WRKY-R2 and WRKY-R2b) and 212-219 bp 
(WRKY-R3 and WRKY-R3b). Fragments of the length of 129-132 bp could be 

considered nonspecific for the Dagmar variety, although they are absent in the 

primer combination of WRKY-F and WRKY-R3b. The primer combination 
where the least fragments were obtained is WRKY-F and WRKY-R2. The 

number of fragments in each profile has increased slightly in the Dagmar variety. 

When comparing the Aladin variety with others, it was observed that the 
fragment of  primer combinations WRKY-F and WRKY-R3 with a length of 364 

bp (figure 1b) and the primer combination WRKY-F and WRKY-R2 with a 

generated amplicon of the length of 186 bp fragments point to the primer-specific 
fragments of the CDDP marker system when used in the analyzed wheat 

accessions. Conversely, nonspecific fragment of the length of 152-159 bp does 

not appear in all primer combinations (absence at the WRKY-R1). Also, the 
primer specific fragment of 214-219 bp occurred in addition to the primer 

combination WRKY-F and WRKY-R3b also at the WRKY-R2b reverse primer, 

and was not observed in any other primer combination. Fragments of the size of 

129-130 bp (WRKY-R1, WRKY-R2 and WRKY-R3) and 181-192 bp (WRKY-

R1, WRKY-R2 and WRKY-R2b) confirmed their potential of primer specific 

amplicons. 
 

 
Figure 1a  Amplicons generated by CDDP for analyzed wheat varieties. M – 

ladder, A-Aladin WRKYF+R1, S-Seladon WRKY-F/ WRKY-R1, D-Dagmar  
WRKY-F/ WRKY-R1,  V-Venturero  WRKY-F/ WRKY-R1;  A-Aladin  

WRKY-F/ WRKY-R2,  S-Seladon WRKY-F/ WRKY-R2,  D-Dagmar  WRKY-

F/ WRKY-R2,  V-Venturero  WRKY-F/ WRKY-R2;  M  –  Ladder;  A-Aladin 
WRKY-F/ WRKY-R2b,  S-Seladon  WRKY-F/ WRKY-R2b,  D-Dagmar  

WRKY-F/ WRKY-R2b,  V-Venturero WRKY-F/ WRKY-R2b  

 

 
Figure 1b Amplicons generated by CDDP for analyzed wheat varieties. M – 
ladder, A-Aladin WRKY-F/ WRKY-R3, S-Seladon WRKY-F/ WRKY-R3, D-

Dagmar  WRKY-F/ WRKY-R3,  V-Venturero  WRKY-F/ WRKY-R3;. A-Aladin  

WRKY-F/ WRKY-R3b,  S-Seladon WRKY-F/ WRKY-R3b, D-Dagmar WRKY-
F/ WRKY-R3b, V-Venturero WRKY-F/ WRKY-R3b;  M – ladder 

 

It can be concluded that the polymorphism has not been obtained in relation to 
the type of drought resistance in the analyzed wheat varieties in the summary of 

the CDDP profiles. The primer combination WRKY-F/ WRKY-R1 has one 

fragment with a constant amplicon length of 129 bp in all the analyzed varieties. 
For the combination of WRKY-F/ WRKY-R2, the length of the amplicon shifted 

to 129-130 bp and to the 130-132 bp by WRKY-F/ WRKY-R3 combination. The 

combinations of WRKY-F/ WRKY-R2b and WRKY-F/ WRKY-R3b with the 
exception of the Dagmar variety (WRKY-F/ WRKY- 2b) did not amplify 

amplicons of the given size. For the F/R1 primer combination, the fragments 301-
304 bp, 138-140 bp and 187-192 bp were also typical. The second primer 

combination (WRKY-F/ WRKY-R2) has generated fragments of the length of 

156-158 bp and 181-186 bp in addition to the 129-130 bp fragment in all 
varieties. All are nonspecific. The WRKY-R2b reverse primer provided a similar 

output, 3-4 fragments per variety with a maximum length of 228 bp. This 

fragment is specific for the primer combination WRKY-F/ WRKY-R2b, unlike 
the primer combination WRKY-F/ WRKY-R2. The absence of this fragment in 

the Aladin variety is not so significant as to affect the specificity (the presence of 

a 219 bp fragment in the Aladin variety). Primer combination with reverse primer 
WRKY-R3 has generated constant 5 fragments for each variety. The previous 

text shows that this combination provided the largest fragments and two potential 

primer-specific fragments are presented here. Both of them (257-261 bp and 215-
219 bp) are absent in the Aladin variety, but the second one also occurs when 

combined with the modified reverse primer WRKY-R3b (212-216 bp). In both 

combinations there are nonspecific fragments of the length 158-160 bp and 181-
186 bp (combination WRKY-F/ WRKY-R2b) and 130-132 bp and 152-157 bp 

(combination WRKY-F/ WRKY-R3). The CDDP profile with the highest number 

of amplified fragments was obtained by combining with reverse primer WRKY-
R3. Modified reverse primer WRKY-R3b gave weaker amplification because 

only three fragments, a fragment of 328 bp with only Seladon and Aladin, the 

only fragment of Venturero and Aladin, the 151-158 bp fragment did not provide 
the necessary specificity, and the 212-216 bp fragment only provided specificity 

in primer combinations WRKY-F/ WRKY-R3 and WRKY-F/ WRKY-R3b. In 

case of analysis of summer wheat varieties by CDDP markers, the following can 
be summarized. The marker system provides monomorphic profiles in all 

analyzed varieties and the total number of detected fragments was 81, which is 

relatively small for the four varieties analyzed and the five primer combinations. 
Universal and degenerate short primers derived from functional genes such as 

Homeobox Genes (KNOX), Transcription Factors Contributing to 

Developmental and Physiological Processes (WRKY), Transcription Factors 
Activated in Response to Biotic and Abiotic Stress (MYB), Induction and 

Development Control Genes (MADS) or Auxine Binding Protein (ABP1) genes 

with high levels of polymorphisms of their conserved domains (Anai et al. 1997; 

Nagasaki et al. 2001; Stracke et al. 2004; Xie et al. 2005) were applied to the 

new CDDP marker system by Collard and Mackill (2009a). However, the 

conservatively of the binding sites for the primers differs due to biotic and abiotic 
stress or distributional development, which may serve to identify quantitative 

locus loci in mapping candidate genes. The typical CDDP fragment profile 

ranges from 200-1,500 bp than with RAPD but is reproducible. Reproducibility 
increases with the use of a single long prolongation prolonged at high Ta despite 
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the fact that it can not always be ensured (Poczai et al. 2013). This primer acts as 
primer F and combines most often with RAPD or ISSR primers (Gupta et al. 

1994). Previous ScoT studies have shown that reproducibility decreases 

significantly when the GC fraction falls below 60% (Collard and Mackill, 

2009b) and therefore such combinations do not produce consistent results with 

CDDP (Collard and Mackill, 2009a). Primers are of 15-19 bases in length with 

more than 60% GC and 3 inoculated nucleotides and their development depends 
on the number of allelic variants in the genomic databases of the respective 

species to identify all suitable ecological and agronomic genes (Poczai et al. 

2011). 12 primers from twenty primary combinations, including WRKY-F/ 
WRKY-R2 and WRKY-F/ WRKY-R3b combinations, which Collard and 

Mackill (2009a) tested 54 polymorphic markers of rice, together with 
information obtained by taxonomic and pedigree analysis, used 10 radar 

genotypes to assemble the radial tree. Li et al. (2013) reached 19 CDDP primers 

that generated 241 fragments of these 223 polymorphic. The authors agreed that 
only 2 primary combinations (WRKY-F/ WRKY-R2 and WRKY-F/ WRKY-R3) 

are sufficient to recognize all 53 records. Adawy et al., (2014) compared 

different marker techniques and have found them equally effective and 
appropriate for the type of study with adequate polymorphism (100% CDDP 

primer combinations WRKY-F/ WRKY-R2 and WRKY-F/ WRKY-R3, 10 

polymorphic fragments out of a total of 30 on each). 

 

CONCLUSION 

 
Analysis of the length polymorphism of the CDDP  profiles was analysed in the 

study and a variability of obtained amplicons was described.  Four wheat 

varieties were used in the study – Aladin, Seladon, Dagmara and Venturero. All 
the obtained CDDP were compared and specific polymorphism was detected 

among the analysed wheat varieties, but this was not in the relationship toward 

the drought tolerance. 
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