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olecular markers are important tools in plant genome 
analysis and became as a useful tool in crop improvement. 
It facilitates the identification of markers for agronomical 

important traits and for genetic and genomic characterization. The 
current study aims at the identification of the genetic diversity and 
relationship, as well as the evaluation of the productively of five 
Triticale genotypes, namely; ICBA 2, Triticale 8, 11, 7 and 6, imported 
from ICBA "International Center for Biosaline Agriculture" Dubai, 
Arab Emirates to perform genetic and productivity evaluation under 
North Sinai conditions. The study was performed at Baloza Research 
Station, Desert Research Center, in 2016-2017 and 2017-2018 seasons. 
Two molecular markers; ISSR and SCoT target different regions of 
DNA were used for genetic studies. Twelve ISSR and SCoT molecular 
markers were selected from 25 markers, which produced clear bands 
were selected. The six ISSR primers produced 78 amplified fragments, 
30 of them were polymorphic, representing around 38.5%. The ISSR 
markers similarity matrix ranged from 81 to 92%, where the highest 
similarity matrix was between Triticale 8, 7 and 8, 6.  The lowest 
similarity was between Triticale 11 and 7. The SCoT primers produced 
a total of 89 amplified fragments, where 28 of them were polymorphic, 
representing about 31.5% of polymorphism. The SCoT markers 
similarity matrix ranged from 94 to 85%. The highest similarity matrix 
was between Triticale 8, 7 and 8, 6, too. The dendrograms based on 
ISSR, SCoT and both of them were attended, the total polymorphism 
was 34.7% with PIC value of 0.9415. Triticale 11 and ICBA 2 were the 
most distinguished genotypes. The results showed that both ISSR and 
SCoT markers were efficient for analyzing genotypes. The productivity 
results revealed that Triticale 11 had the highest values in yield 
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components as well as the other studied characters, while the lowest 
values were restricted to Triticale 6 in both studied seasons. According 
to the studied yield component characters (grain, straw and biological 
yield as kg/feddan), Triticale genotypes can be arranged in descending 
order as T. 11, ICBA 2, T. 8, T. 7 and T. 6, that have the highest value 
to the lowest in the two seasons.  

Keywords: Triticale, ISSR, SCoT, molecular marker, yield component   

Triticale (x Triticosecale Wittmack) is a hybrid between wheat 
(Triticum spp.) and rye (Secale cereale), so it has the properties of its parent 
cereals (Tams et al., 2004 and Jonnala et al., 2010) particularly those related 
to biotic and abiotic stresses (Vaillancourt et al., 2007). Triticale is a crop has 
broad genetic potential, so it is widely adapted to abiotic stress conditions such 
as aluminum toxicity, drought, salinity, and acidic soils (Kuleung et al., 2004). 
It is resistant to different diseases of wheat (Leonova et al., 2005). It has 
become an important grain and forage crop in many areas of the world 
(Ayalew et al., 2018). Triticale gain is a good source of  vitamin B, essential 
amino acids, proteins and lysine, which is considered more than wheat 
(Glamočlija et al., 2018). Medicinal importance of Triticale includes  
improving digestive efficiency, heart health, increasing healing and metabolic 
rate, improving energy levels, protecting  infants in the womb, preventing and 
managing diabetes, increasing blood circulation, protecting  against asthma, 
reducing various skin conditions, and contributing to strong bones (John 
Staughton, 2019). Information of germplasm diversity has a significant role in 
the improvement of crop plants. Molecular markers give an effective data for 
good selection of desired agronomic traits because they depend on the plant 
genotypes and thus, are independent of environmental conditions. Molecular 
markers are effective tools for plant genome analysis, and therefore has an 
essential role in crop improvement. Besides, the molecular markers are used 
for the detection and exploitation of DNA polymorphism. The genetic 
diversity helps breeders to select economical genotypes and thus multiply the 
productivity of crops (Randhawa et al., 2013). Determining genetic diversity 
can be dependent on agronomic, morphological, biochemical, and molecular 
information (Goncalves et al., 2009).   Molecular markers have been employed 
for genetic diversity evaluation, genetic fingerprint, genetic mapping, and 
quantitative trait locus analysis. SCoT and ISSR markers have been used 
efficiently for studying genetic diversity of plants (Ma et al., 2008; Collard 
and Mackill, 2009 and Etminan et al., 2016). ISSR-PCR marker is a technique 
that requires primer based on SSR (microsatellites) markers. SSRs are 
common in the genome, the changes of which by deletion or insertion, lead to 
ISSR polymorphism  (Wang, 2010). Possibility of ISSR markers to construct  
genetic maps, fingerprinting and phylogenetic analyses have been confirmed 
by many authors in connection with different crops such as; Gradzielewska  et 
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al. (2012) in Triticale, Idris et al. (2012), Žiarovská et al. (2013) in maize, 
Khaled et al. (2015) in wheat and  Saad-Allah and Youssef (2018) in  Quinoa. 
Lately, a DNA marker technique called Start Codon Targeted (SCoT) 
polymorphism was developed by Collard and Mackill (2009), their primers 
were designed from the conserved region surrounding the translation initiation 
codon, ATG (Joshi et al., 1997 and Sawant et al., 1999) and it is used for the 
construction of genetic maps, fingerprinting and phylogenetic studies. It has 
been proved by many authors in many crops, such as tomato (Shahlaei et al., 
2014), citrus (Mahjbi et al., 2015), date palm (Al-qurainy et al., 2015), castor 
(Kallamadi et al., 2015), mango (Gajera et al., 2014), barley (Aboulila and 
Mansour, 2017), maize (Vivodík et al., 2017 and Sadek and Ibrahim, 2018). 
This study aims at evaluation genetic diversity, relationships and productively 
of five Triticale genotypes, namely; ICBA 2, 8, 11, 7 and 6, which imported 
from ICBA, Dubai, Arab Emirates, for the identification of markers for the 
important agronomical traits and genetic and genomic characteristics at 
Baloza research station, Desert Research Center, under North Sinai 
conditions, North Sinai, Egypt. 

MATERIALS AND METHODS 

Five Triticale genotypes ICBA 2, 8, 11, 7 and 6, imported from ICBA 
"International Center for Bio saline Agriculture", Dubai, Arab United 
Emirates, were used in this study. Two field experiments were carried out 
during the two winter seasons of 2016-2017 and 2017-2018 at Baloza research 
station, Desert Research Center, under North Sinai conditions. Grains were 
tested in complete randomized block design in three replicates. The 
experimental site has been divided into plots, 10, 5 m2 each. Each plot included 
10 rows apart 30 cm. Triticale crop was sown in the first season (2016-2017) 
on the 16th of November and in the second season (2017-2018) was sown on 
the 20th of November. Young fresh leaves were taken for genetic studies. The 
physical and chemical properties of soil as well as irrigation waters were 
recorded according to El-Henawy et al. (2018) as follows (Table 1, 2 and 3):  

Table (1). Mechanical analysis of experiment soil. 
Locations Depth (cm) Sand )%(   Silt )%(  Clay )%(  Soil texture 

Baloza 0-30 90 5 5 Sandy 

Table (2). Chemical analysis of experiment soil. 
Location pH E.C. 

(ds/m) 
O.M

)%(  
Soluble anions  

(meq/l) 
Soluble cations 

 (meq/l) 

  CO3- - HCO3- Cl- SO4- - Ca ++  Mg ++  Na+ K+ 
Baloza 8.17 5.99 0.17 - 2.46 40.71 17.17 19.53 13.25 26.91 0.65 
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Table (3). Chemical analysis of irrigation water. 

Location pH 
E.C. 

(ds/m) 
 

Soluble anions 
(meq/l) 

Soluble cations 
(meq/l) 

CO3- - HCO3- Cl- SO4- - Ca ++  Mg ++  Na+ K+ 
Baloza 7.10 1512 0.50 3.81 3.69 8.20 3.25 3.05 9.50 0.40 

1. Extraction and Purification of Genomic DNA 
DNA was extracted from young leaves of five Triticale genotypes by 

DNeasy Plant Mini Kit (Qiagen Santa Clarita, CA), Cat No./ID: 69104.  
 
2. ISSR and SCoT Markers Reaction 
 Six ISSR primers were used in the detection of polymorphism among 
the studied Triticale genotypes. These primers were synthesized by Metabion 
Corp., Germany. The primers code and nucleotide sequences are presented in 
table (4). 

Six SCoT primers (Table, 4) were designed by Collard and Mackill 
(2009) depending on the consensus sequences of translation initiation codon 
region in higher plants with ATG codon at locations +1, +2, +3; ‘G’ at location 
+ 4; and ‘A,’ ‘C,’ and ‘C’ at locations + 7, + 8, and + 9, respectively.  

The PCR amplification reactions were carried out as mentioned by 
Adawy et al. (2002) and Ibrahim et al. (2016). Reactions were prepared in 25 
µl volume composed of 1x reaction buffer, 0.2 mM of dNTPs, 1.5 mM MgCl2, 
0.2 µM of primer, 0.5 unit of Taq polymerase (Qiagen Ltd., Germany) and 40 
ng of template DNA, in sterile distilled water. 

Table (4). Primers used in ISSR and SCoT analysis. 
Primer  Sequence  

ISSR 
ISSR- 1 5'-AGAGAGAGAGAGAGAGYC-3' 
ISSR- 2 5'-AGAGAGAGAGAGAGAGYG-3' 
ISSR- 3 5'-ACACACACACACACACYT-3' 
ISSR- 5 5'-GTGTGTGTGTGTGTGTYG-3' 
ISSR- 6 5'-CGCGATAGATAGATAGATA-3' 
ISSR- 7 5'-GACGATAGATAGATAGATA-3' 
SCoT 

 SCoT-19 5'-CCATGGCTACCACCGGCG -3' 
SCoT-20 5'-CAACAATGGCTACCACGC -3' 
SCoT-23 5'-CATGGCTACCACCGGCCC-3' 
SCoT-24 5'-CCATGGCTACCACCGCAG-3' 
SCoT-25 5'-ACGACATGGCGACCGCGA-3' 
SCoT-36 5'-CACCATGGCTACCACCAT-3' 
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3. ISSR and SCoT Markers Thermocycling Profile and Detection of PCR 
Products 

PCR amplification of the DNA was performed in a Perkin Elmer 
thermal cycler 9700. The temperature profile in the different cycles was as 
follows: an initial strand separation cycle at 94°C for 5 min, followed by 40 
cycles comprised of a denaturation step at 94°C for 1 min, an annealing step 
at 45°C for 1 min and an extension step at 72°C for 1.5 min. The final cycle 
was a polymerization cycle for 7 min at 72°C. 

The amplification products were separated in 1.5% agarose gels 
containing ethidium bromide (0.5 mg/ml) in 1 x TBE buffer at 120 volts. A 
1kb DNA ladder was used as molecular size standard. PCR products were 
visualized under UV light and documented using a ™XR+ Gel 
Documentation System (Bio-Rad). 

4. Data Analysis  
The banding patterns, generated by ISSR-PCR and SCoT-PCR 

markers, were compared to detect the genetic relations among the samples 
under study. Clear and distinct amplification products were scored as ‘1’ for 
presence and ‘0’ for absence of bands. Bands of the same mobility were scored 
as identical. 
The polymorphism information content (PIC) was calculated according to 
the formula of Anderson et al. (1993), as follows:  

PIC=1-Σpi2 
Where pi is the frequency of the i the allele of the locus in eight genotypes. 

The genetic similarity coefficient (GS) between two genotypes was 
estimated according to Dice coefficient (Sneath and Sokal, 1973). 

Dice formula: GSij = 2a/(2a+b+c) 
Where GSij is the measure of genetic similarity between individuals i and j, a 
is the number of bands shared by i and j, b is the number of bands present in i 
and absent in j, and c is the number of bands present in j and absent in i. 

The similarity matrix was analyzed in the cluster analysis. The cluster 
analysis was used to organize the observed data into meaningful structures to 
develop taxonomies. In the first step, when each accession represents its own 
cluster, the distances between these accessions are defined by the chosen 
distance measure (Dice coefficient). However, once several accessions have 
been linked together, the distance between two clusters is calculated as the 
average distance between all pairs of accessions in the two different clusters. 
It was named Unweighted Pair Group Method using Arithmetic Average 
(UPGMA) (Sokal and Michener, 1958). 

5. Productivity Studies, Measurements and Calculations 
Harvest has taken place after 160 days from sowing, for the first and 

second seasons. Sample of 2 square meters (2 m x 1 m) was taken for each 
plot random at the yield and yield component and another character harvest 
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dates. The following characters were measured: plant height (cm), no. of 
spikes per m2, no. of spikelets per spike, grain yield, straw yield and biological 
yield kg per feddan. 

RESULTS AND DISCUSSION 

1. ISSR Analysis 
Six ISSR primers from ten, showing distinct and reliable fragments, 

were selected for this study to investigate the genetic relationship, DNA 
fingerprint profile and assessed genetic markers for stress tolerance in 
Triticale genotypes (ICBA 8, 11, 7, 6 and 2). So, they were cultivated in harsh 
environment. The results were represented in table (5) and fig. (1). The total 
amplified fragments produced by all the six ISSR primers were 78 with an 
average of 13 fragments per primer, out of which there were 30 polymorphic 
fragments with an average of 5 bands per primer with 38.5%  of  total 
polymorphism. ISSR primer 6 gave the most polymorphic amplified 
fragments; 12 polymorphic bands from 22 total amplified fragments, with 
54.6% of polymorphism. The primer that produced the lowest amplified 
fragments was ISSR 3, where 2 polymorphic bands were generated from 12 
amplified fragments, with 16.7% of polymorphism. The percentage of 
polymorphism, which produced by the six primers ranged from 16.7 with 
ISSR primer 3 to 54.5 with ISSR 1. The number of monomorphic amplified 
fragments generated by all six ISSR primers ranged from 5 to 10 bands. ISSR 
primers 2, 3, 7 and 5 produced four unique positive markers, one for each 
primer was representive to Triticale 11 and 7 at 1050, 900, 1050 bp and 220 
bp, respectively, and two unique positive markers with ISSR primer 1, which 
distinguished Triticale 11 at 670,460 bp. Triticale 11 has got two negative 
unique markers at 390 and 520 bp, while Triticale 7 has got two negative 
unique markers at 340 bp. So, Triticale 11 has got the highest number of 
unique markers (seven markers), while Triticale 7 has only two unique 
markers.  In this regard, Abd El-Lateif and Hewedy (2018) used ISSR and 
SCoT markers to investigate the genetic diversity and relationships among 
eight cultivars of Egyptian wheat (Shandweel-1, Misr-2, Sakha-93, Sakha-94, 
Giza-168, Giza-171, Sids-1 and Gemmiza-9).  They mentioned that SCoT 
primers produced a total of 32 bands, out of which 19 (59%) were 
polymorphic with a mean of 3.16. ISSR primers produced 34 bands and 23 of 
these bands (68%) were polymorphic with a mean of 4.6. Their results 
indicated good sources of diversity, which will help breeders to evaluate 
genetic diversity and potentially select economically important traits such as 
salinity tolerance. On the other hand, El-Assal and Gaber (2012) studied the 
abilities of RAPD, ISSR and SSR markers in establishing genetic relationship 
and distinguishing between Egyptian and Saudi wheat cultivars. They 
concluded that the ISSR markers gave more recurrence, polymorphism and 
can be used in cultivar discrimination. Furthermore, Abou-Deif et al. (2013) 
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showed that the ISSR markers were highly efficient analyze the genetic 
diversity and relationships among 20 wheat genotypes using ISSR markers. 
The produced ISSR markers succeeded in distinguishing most of the 20 
varieties of in relation to their genetic background and geographical origin 
(Table 5).  
 
Table (5). Total bands (TB), polymorphic bands (PB), positive unique markers 

(PUM), negative unique markers (NUM), monomorphic bands 
(MB), polymorphic percentage (PB %) and polymorphism 
information content (PIC) value as reveled by ISSR and SCoT 
markers. 

2. SCoT Analysis 
A set of 15 SCoT primers were used to study the genetic relationships, 

DNA fingerprint profile and assessed genetic markers for stress tolerance in 
Triticale genotypes (Triticale 8, 11, 7, 6 and ICBA2). Only six primers were 
selected in band scoring, which produced distinct and reproducible band 
patterns. A total of 89 amplified fragments were scored with six SCoT primers 
among the studied Triticale genotypes, 28 of them were polymorphic with an 
average of 4.6 per primer (Table 5 and Fig. 2). The number of amplified 
fragments were ranged from 11 for SCoT (primer 23 and 25) to 21 for SCoT 

Primer No. of 
TB No. of PB PUM  

(bp) 
NUM  
(bp) 

No. of 
MB 

PB 
(%) 

Mean of 
frequency PIC 

ISSR  
ISSR1 11 5 670,460  390,340  6 54.5 0.8 0.9477 
ISSR2 9 2 1050  - 7 22.2 0.8 0.9111 
ISSR3 12 2 900  - 10 16.7 0.9 0.9277 
ISSR5 9 4 220  340  5 44.4 0.8 0.9234 
ISSR6 22 12 - - 10 54.5 0.7 0.9721 
ISSR7 15 5 1050  520  10 33.3 0.9 0.9473 
Total 78 30   48 38.5   

Average 13 5   8 38.5   

SCoT  
SCoT36 18 6 - - 12 33.3 0.8 0.9587 
SCoT24 21 10 630  1600,770, 

490,380 
11 47.6 0.9 0.9631 

SCoT25 11 3 - - 8 27.3 0.9 0.9282 
SCoT19 13 1 1300 - 12 7.7 0.9 0.9287 
SCoT20 15 4 - 1350 11 26.7 0.9 0.9434 
SCoT23 11 4 - 2300,1150, 

610,390  
7 36.4 0.9 0.9209 

Total 89 28   61 31.5   0.9415 
Average 14.83 2.66   10.2 31.5  0.9415 
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primer 24 with an average of 14.8 per primer. The percentage of 
polymorphism ranged from 7.7 to 36.4 with an average of 31.5 in all 
genotypes. The monomorphic bands ranged from 7 to 12 bands with all 
primers. Triticale ICBA 2 has two positive unique markers at 1300 bp and 630 
bp with SCoT primer 19 and 24, respectively, and four negative unique 
markers at 2300, 1150, 610 and 390 bp with SCoT primer 23, which 
distinguished it from all other genotypes. While Triticale 8 has got two 
negative unique markers at 1600 bp (SCoT primer 24) and 1350 bp (SCoT 
primer 20). Triticale 6, 7 and 11 have got only one negative unique marker. 
Therefore, ICBA 2 has got the highest unique markers (six markers). 

 Depending on the results of all markers, the total polymorphic bands 
was 85 and the non-polymorphic was 109 amplified fragments, total PIC value 
was 0.9415 and ranged from 0.9111 (minimum) to 0.972 (maximum). SCoT 
markers  are useful in diversity analysis and diagnostic fingerprinting; it has 
been successfully demonstrated by many authors in many crops, such as 
tomato (Shahlaei et al., 2014), citrus (Mahjbi et al., 2015), date palm (Al-
qurainy et al., 2015), castor (Kallamadi et al., 2015), mango (Gajera et al., 
2014), barley  (Aboulila and Mansour, 2017), Triticum astevium  (Mohamed 
et al., 2017) and  in maize  (Vivodík et al., 2017 and  Sadek  and Ibrahim, 
2018). Their results indicated that SCoT markers would be useful for further 
studies in population genetics, conservation genetics and genotypes 
improvement.  

3. Genetic Relationship, Similarity Matrix and Cluster Analysis 
Depending on ISSR Makers 

Genetic relationships among the Triticale genotypes were studied by 
using the Dice coefficient and UPGMA methods to produce the similarity 
matrices and generate dendrogram tree (Table 6 and Fig. 3). The highest 
similarity matrices were scored between the Triticale 8, 7 and 8, 6 genotypes 
and was 92%, while the lowest genetic similarity was between Triticale 11 
and 7 of 81% and the percentage of similarity matrix ranged from 81 to 92 
among Triticale genotypes. The dendrogram was separated into two main 
clusters, the first one involved only Triticale 11, that has got the highest 
number of unique markers. The second cluster included the other tested 
genotypes. Triticale 8, 7, 6 were separated in a subcluster, so they are closely 
related. Triticale 8, and 7 were in the same group and ICBA 2 was separated 
alone in a subcluster. In virtue of that, ISSR markers were effective in 
distinguishing and differentiating the studied Triticale genotypes. Therefore, 
it is a useful selection for breeding studies. The different genotypes are the 
most desirable in hybridizations.  
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Fig. (1). ISSR electrophoresis profile of Triticale genotypes. where No. 1 is 
ICBA 2, No. 2 is Triticale 8, No. 3 is Triticale 11, No. 4 is Triticale 7 
and No. 5 is Triticale 6. 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (2). SCoT electrophoresis profile of Triticale genotypes, where No. 1 is 

ICBA 2, No. 2 is Triticale 8, No. 3 is Triticale 11, No. 4 is Triticale 
7 and No. 5 is Triticale 6. 
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Table (6). Similarity matrix of ISSR markers among Triticale genotypes. 

  
ICBA2 Triticale 

8 
Triticale 

11 
Triticale 

7 
Triticale 

6 
ICBA 2 100         
Triticale 8 90 100       
Triticale 11 89 83 100     
Triticale 7 90 92 81 100   
Triticale 6 88 92 84 90 100 

 

  

 
 
 
 
 
 
 
 
 
 
 
 

 
4. Genetic Relationship, Similarity Matrix and Cluster Analysis 
Depending on SCoT Markers 

Dice coefficient and UPGMA methods were used to study the 
similarity matrices and generate the dendrogram (Table 7 and Fig. 2). The 
highest similarity matrix was 94%, between Triticale 8, 7 and 8, 6. While, the 
lowest one was 85% between ICBA 2 and Triticale 8. Triticale ICBA 2 has 
got the highest unique markers that were six, whereas Triticale 8 has got only 
two unique markers, so depending on SCoT markers, Triticale 8, 7 and 6 are 
closely related to each other. Therefore, Triticale ICBA 2 can be regarded as 
the most different to others, where the dendrogram which generated by 
similarity matrix was separated into two main clusters, one of which  
represented ICBA 2 alone and the other one included the other Triticale 
genotypes, that were again divided into two sub-clusters, one of them for 
Triticale 11 only and the other one included Triticale 7, 8 and 6, where 
Triticale 7 and 8 were separated in a single group.   

 
 

Fig. (3). Dendrogram of five Triticale genotypes based on data from six ISSR markers. 
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Table (7). Similarity matrix of SCoT markers among Triticale genotypes. 

  
ICBA2 Triticale 

8 
Triticale 

11 
Triticale 

7 
Triticale 

6 
ICBA 2 100 

    

Triticale 8 85 100 
   

Triticale 11 91 92 100 
  

Triticale 7 87 94 92 100 
 

Triticale 6 92 90 93 94 100 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. Coloration Between the Similarity Matrixes Measured Using ISSR and 
SCoT Markers 

The similarity matrix and dendrogram tree depending on both ISSR 
and SCoT markers were very similar to each one separately (Table 8 and Fig. 
5). Triticale genotypes 8, 7, and 6 had the highest genetic similarity (93%), 
while Triticale ICBA 2 and 8 had the lowest genetic similarity (87%), and 
Triticale 11 and 7 also had the lowest genetic similarity, as they showed by 
SCoT and ISSR markers. Triticale ICBA 2 and 11 were considered the most 
distinguished genotypes, so they have the highest number of unique bands, 
thus they may be promising for breeding studies. ISSR markers separated 
Triticale 11 in single main cluster, whereas SCoT markers separated ICBA 2 
in a single main cluster. Thus, SCoT and ISSR markers confirmed that results 
by separating Triticale 11 and ICBA 2 in a main cluster. So, ICBA 2 and 
Triticale 11 can be selected for further breeding studies. ISSR and SCoT 
markers differentiated the studied genotypes. In general, the similarity matrix 
among Triticale genotypes was high and it had low to moderate variance of 
34.7% polymorphism in average. It may be backed to the parents of high 
similar genotypes were closely related. In the same regard, Tams et al. (2004), 
Kuleung et al. (2006), de Costa et al. (2007) and Trebichalský et al. (2013) 
evaluated genetic distances in Triticale using microsatellite markers, 

Fig. (4). Dendrogram of five Triticale genotypes of SCoT markers. 
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mentioned that Triticale germplasm has high similarity. Also, Kuleung et al. 
(2006) studied 80 Triticale accessions, which were separated into five clusters 
with the average similarity of 0.45. Also, similarity (0.56) was observed 
among Brazilian Triticale forms (de Costa et al., 2007). About 15.3% of the 
variation was reported depending on European accessions of 13 breeding 
companies among available materials (Tams et al., 2004), indicating the 
limited variability of the materials. 

  Molecular characterization is almost used by Triticale breeders as an 
alternative way for selecting more promising genotypes and decreasing the 
cost and time needed to produce hybrid combinations. Based upon this 
approach theoretically, the most differences between crossed forms, the better 
performance of the offspring could be predicted (Moll et al., 1965). But, there 
is no evidence indicating that crossing even in closely related lines (high 
genetic similarity) sometimes may lead to reasonable grain yield (Fernandes 
et al., 2015). Nevertheless, crossing between heterotic groups increased the 
performance of the hybrid population by 2.8 % compared to non heterotic 
groups (Fischer et al., 2010). Thus, the exploitation of genetic variation and 
genetic structure is required and useful for breeders.  

Table (8). Similarity matrix of ISSR and SCoT markers among Triticale 
genotypes. 

  
ICBA2 Triticale 

8 
Triticale 

11 
Triticale 

7 
Triticale 

6 
ICBA 2 100         
Triticale 8 87 100       
Triticale 11 90 88 100     
Triticale 7 88 93 87 100   
Triticale 6 90 91 89 93 100 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

6. Productivity Evaluation Fig. (5). Dendrogram of five Triticale genotypes of ISSR and SCoT markers. 
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  Data in Table (9) revel that, in terms of the studied characters, the 
Triticale genotypes were non-significantly different from each other. There is 
a low variation among the five genotypes. 

Table (9). Analysis of variance of the productivity measurements of plant 
height, spike length, No. of spikes/m2, No. of spikelets/spike of the 
five Triticale genotypes.  

Genotypes 
Plant height 

(cm) 
Spike length 

(cm) 
2No. of spikes/m No. of 

spikelets/spike 
2016/17 2017/18 2016/17 2017/18 2016/17 2017/18 2016/17 2017/18 

Triticale 11 138.70 130.50 16.13 15.33 490.83 452.30 38.58 36.65 
 ICBA 2 134.20 125.68 15.60 14.53 475.20 442.70 38.03 36.20 
 Triticale 8 130.76 121.23 15.03 13.50 463.35 434.03 37.45 35.63 
Triticale 7 127.20 117.80 14.73 13.30 452.08 421.38 36.58 35.23 
Triticale 6 122.90 114.60 14.38 12.78 438.60 410.85 36.08 34.65 

5%LSD NS NS NS NS NS NS NS NS 
 
6.1. Plant height  

Data in table (9) show that Triticale 11 genotype has given the highest 
values of plant height, that were 138.7 and 130.5 cm in the first and second 
seasons, respectively. On the other hand, the genotype Triticale 6 has given 
the lowest value of plant height. The increase in percentage between Triticale 
11 and 6 was 11.4 to 12%, Triticale 11 and 7 was 8 to 9.8%, Triticale 11 and 
8 was 5.7 to 7% and Triticale 11 and ICBA 2 was 3.2 to 3.6%, in the first and 
second seasons, respectively. Results were in accordance with that obtained 
by Pondini et al. (1997). 
6.2. Number of spikes 

Data in table (9) indicate that the genotype Triticale 11 produced the 
highest number of spikes/m2 that was ranged between 490.8 and 452.3/m2, 
while Triticale 6 has given the lowest values of 458.6 and 410.8/ m2 in the first 
and second seasons, respectively. The results also show that there are non-
significant differences among the different genotypes, where the increasing 
percentage was from 3 to 10.6%.   
6.3. Straw yield  

As shown in table (10), there is non-significant differences among the 
tested genotypes, where the genotype Triticale 11recorded the highest straw 
yield (4716. 3 and 4470.6 kg/feddan) in the first and second seasons, 
respectively. However, the genotype Triticale 6 produced the lowest value of 
straw yield (4379.2 and 4227.7 kg/feddan) in the first and second seasons, 
respectively. The increasing percentage between the highest and lowest values 
in the first and second seasons fluctuated between 7.1 to 5.4%. 
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6.4. Biological yield  
Table (10) shows that there are insignificant differences among the 

tested genotypes. The genotype Triticale 11 recorded the highest biological 
yield (7096.5 and 6732.03 kg/feddan) in the two seasons, however the 
genotype Triticale 6 had given the lowest biological yield (6606.73 and 6382.3 
kg/feddan), representing about 6.9 to 4% in the first and second seasons, 
respectively. The results agree with El-Karamany et al. (2009). 
6.5. Grain yield  
  Gain yield has shown non-significant differences among the tested 
genotypes as represented in table (10), where genotype Triticale 11 produced 
the highest yield of 2381.2 and 2261.4 kg/feddan in the first and second 
seasons, respectively. The increasing percentage among all genotypes ranged 
between 6.5 to 1.8% and 4.7 to 1.1% in the first and second seasons, 
respectively, demonstrating a low diversity among the tested genotypes.   
6.6. Harvest Index 

The data presented in table (10) illustrate insignificant differences 
among the tested genotypes, but the results indicated the genotypes Triticale 
11, then ICBA 2 are promising under conditions of the experiment. 
 
Table (10). Analysis of variance of the productivity measurements; straw 

yield, biological yield, grain yield and harvest index of the five 
Triticale genotypes.  

CONCLUSION 

The present research indicated that, the ISSR and SCoT markers 
analyses were effective for evaluating the genetic relationships among the 
studied Triticale genotypes and fingerprinting them. The dendrogram, 
depending on Dice coefficient and UPGMA method, was successful in 
separating genotypes, were Triticale 11 and ICBA 2 were the most 
distinguished and different genotypes. In general, there is low to moderate 
genetic differences (dissimilarity) among genotypes, were the total 
polymorphic amplified fragments were 58, representing about 34.7%, with 
average PIC of 0.9415. The number of non-polymorphic fragments was 109 

Genotypes 
Straw yield 
(kg/feddan) 

Biological yield 
  (kg/feddan) 

Grain yield 
(kg/feddan) Harvest index 

2016/17 2017/18 2016/17 2017/18 2016/17 2017/18 2016/17 2017/18 
Triticale 11 4716.30 4470.60 7096.5 6732.03 2381.18 2261.43 0.34 0.34 
ICBA 2 4636.30 4419.70 6975.9 6656.16 2336.60 2236.46 0.33 0.34 
Triticale 8 4580.20 4353.30 6882.4 6561.40 2302.20 2208.13 0.33 0.34 
Triticale 7 4488.00 4272.60 6760.2 6455.20 2272.18 2182.58 0.34 0.34 
Triticale 6 4379.20 4227.70 6606.7 6382.30 2227.53 2154.60 0.34 0.34 

5%LSD NS NS NS NS NS NS NS NS 
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with 65.2% of 167 total amplified fragments. There is a general agreement of 
the results obtained, regarding the productivity aspect, where Triticale 11 
followed by ICBA 2 are considered the most promising genotypes under 
North Sinai conditions.  
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 ءانیس لامش فورظ تحت لاكتیرتلا فانصأ ضعبل يجاتنلإاو يثارولا مییقتلا

 ٢ةیطع دیمحلا دبع دمحمو *١يتفصلا لیلخ ىوجن
 رصم ،ةیرطملا ،ةرھاقلا ،ءارحصلا ثوحب زكرم ،ةیثارولا لوصلأا مسق ،يجولوتیسلاو ةثارولا ةدحو١
 رصم ،ةیرطملا ،ةرھاقلا ،ءارحصلا ثوحب زكرم ،يتابنلا جاتنلإا مسق ،لیصاحملا ةدحو٢

 نیب نیجھ لوأ نع ةرابع وھو ةیتابنلا ةكلمملا يف ةدیدجلا بوبحلا لیصاحم نم لاكتیرتلا
 ىلع ھتردقو يارلا تافصو حمقلل ةیجاتنلإاو ةیجولونكتلا تافصلا نیب عمجی يارلا ةشیشحو حمقلا
 ضماح ةصاخو ةیساسلأا ةینیملأا ضامحلأاو نیتوربلا عافتراب زیمتیو يویحلاو يئیبلا داھجلإا لمحت
 تابنل ةیثارو بیكارت ةسمخل يجاتنلإاو يثارولا مییقتلا ةسارد ثحبلا لوانتی  .حمقلا نع نیسیللا
 مھو ةدحتملا ةیبرعلا تاراملإا ةیروھمج ،يبدب ةیحلملا ةعارزلل يلودلا زكرملا نم هدراو لاكتیرتلا
 نم اھمییقتو ،ةیبرعلا رصم ةیروھمجب ةیشماھلا يضارلأاب اھتعارزل ١١و ٧و ٦و ٨ لاكتیرتو ٢ ابكیإ
 يف ءانیس لامش ةظفاحم فورظ تحت ةساردلا تمتو  .ءارحصلا ثوحب زكرم عم تاعورشم للاخ
 ةیثارو تامساو مادختساب يثارولا مییقتلا لمع متو  .ةیلمرلا ةبرتلاو فاجلا خانملا تاذ ةظولاب ةقطنم
 تمتو  .تانیجلل ةرفشملا قطانملا ةیادبل فدھت ىرخأو مونیجلا ىوتسم ىلع ةرركتم قطانم فدھت
 بیكارتل ةیثارولا ةمصبلاو ينیجلا فلاتخلااو ھباشتلا نم ةیثارولا تاقلاعلاو يثارولا فیصوتلا ةسارد
 ٥٨ مھنیب نم ةعطق ١٦٧ ةرملبملا ةینیجلا عطقلا جتان ناكو  .ةساردلا فورظ تحت ةیثارولا لاكتیرتلا
   .ةمدختسملا تامساولل رمیارب ١٢ مادختساب ٪٣٤.٧ ةیلكلا فلاتخلاا ةبسنو ةھباشتم ١٠٩و ةفلتخم
 ثیح  .ةقحلا تاسارد يف مھباختنا يف دیفی امم افًلاتخاو ازًیمت رثكلأا ٢ ابكیإو ١١ لاكتیرت نأ نیبتو
 لوصحلل اھنیجھتل ةدعابتملا بیكارتلا باختنا قیرط نع لیصاحملا نیسحت يف ةیثارولا تامساولا دیفت
 ةیبرتلا قرط مادختساب نینسلا تارشع نع دھجلاو تقولا رفوی امم ةدوجو ةیجاتنإ لضفأ نجھ ىلع
 ٧ لاكتیرت بیكارت تناكو اھزیمتو ةبارقلا ةرجش يف بیكارتلا لصف يف تامساولا تحجنو  .ةیدیلقتلا
 للاخ نم ةیجاتنلإا مییقت متو  .مھنع ادًعابت رثكلأا ٢ ابكیإو ١١لاكتیرت بیكارتو اھًباشت ىلعلأا ٨و ٦و
 ریدقتو ةلبنس/تلابینسلاو لبانسلا ددعو لبانسلاو تابنلا عافترا يھو ھتانوكمو لوصحملا تافص ریدقت
 بیكارتو ةعفترم لوصحملا ةیجاتنإ تناكو ،يجولویبلا لوصحملاو بوبحلاو شقلا لوصحم نم لك
 تافص نیب ةیونعم قورف دجوی لا نكل فلاتخا دجوی لمجملا يفو ازًیمت رثكلأا ٢ ابكیإ مث ١١ اكتیرت
 ةعفترم يثارو ھباشت ةبسن اضًیأ دجوت ثیح اضًعب اھضعب ةساردلا جئاتن دكؤتو  .ةردقملا لوصحملا
 مدع ىلإ ىدأ امم ةعفترم بسنب مھضعبل نیبیرق بیكارتلا هذھل ءابلآا نأ ةیلامتحا ىلع لدی امم ایًبسن
 يف تانیجھتلا يف دعابتلا ةیمھأ ىلإ تاساردلا ریشت ثیح ،لوصحملا تاریدقت يف ةیونعم قورف دوجو
 .ھتیمكو لوصحملا ةدوج ىلع سكعنی كلذ نأو لیصاحملا


