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ABSTRACT 
 

Twenty Egyptian sorghum (Sorghum bicolor 

(L.) Monech) genotypes were assessed using 10 

ISSR primers. The used ISSR primers yielded 152 

amplified products (an average of 15.2 bands 

/primer). Eight out of these primers generated 24 

unique markers among the 20 studied sorghum 

genotypes. However, molecular characterization 

revealed a polymorphism percentage of a 100% 

for ISSR markers. The used primers revealed a 

high level of polymorphism among the studied sor-

ghum genotypes. On the other hand, cluster anal-

ysis using UPGMA analysis classified the 20 sor-

ghum genotypes into two groups using the gener-

ated ISSR markers. The cluster analysis showed a 

high genetic variation among the studied sorghum 

genotypes and the diversity of these genotypes 

was compatable with their source pedigrees. The 

results of principle coordinate analysis (PCoA) 

were closely in line with those of the cluster analy-

sis. These results could be used by breeders to 

improve the breeding programs for sorghum's per-

formance and productivity. 
 

Keywords: DNA; ISSR; Polymorphism; Sorghum; 

PCoA; UPGMA. 
 

INTRODUCTION 

 

Sorghum is considered as one of the commer-

cial sources of syrup and/or sugar production be-

sides sugarcane and sugar beet because it can 

tolerate climate factors of semi-arid regions (Da 

Silva Neto et al 2019). It's also the fifth important 

cereal crop all over the world after rice, wheat 

maize and barley. Sorghum is the second African 

most important cereal and it's well adapted to trop-

ical and sub-tropical areas. It enters in the industry 

of flour, fuel, source of fiber, the manufacture of 

fermentation and beer, extracting some chemical 

compounds like dextrin, windbreakers, building 

fences and fresh fodder crops especially in sum-

mer (Assem et al 2014). 

The productivity of this crop could be improved, 

as it possesses a wide range of genetic diversity. 

The uses of modern techniques such as molecular 

markers are required to enhance its breeding pro-

grams. Important traits which are related to habitat 

adaptation and exhibit enormous variability among 

sorghum germplasm are complex and quantitative-

ly inherited. Hence, classifying germplasm acces-

sions based solely on a few discrete morphological 

characters may not provide an accurate indication 

of the genetic divergence among the cultivated 

genotypes of sorghum (Rashed et al 2004). 

Several  molecular  markers  are  available,  

and  the  knowledge  on  the  properties  and  ap-

plications  of  the  species  is  necessary  to  

choose  the  appropriate  marker  according to the 

profile of the study of interest (Souza et al., 2015). 

Molecular markers, which are identifiable DNA 

sequences specific to the genome, are  useful  

tools  in  the  exploration  of  genetic  diversity  and  

provide  information  on  genetic  variability by 

eliminating possible environmental effects (Soares 

et al 2016). RFLPs, RAPDs, and ISSRs are DNA 

marker profiling technologies that each shares the 

advantage of being readily available without the 

need for significant expenditures of resources for 

basic technology development (Smith et al 2000). 

http://ajs.journals.ekb.eg/
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ISSRs have high reproducibility use of longer 

primers (16-25 mers) when compared to RAPD 

primers (10 mers). The longer primers permits the 

subsequent use of high annealing temperature 

(45-60ºc) leading to higher stringency. Therefore, 

ISSR marker technique overcomes most of these 

limitations and it is rapidly being used by the 

breeders and researcher's community in Sorghum 

improvement. (El-Amin et al 2016). ISSRs are 

known to be present more in numbers, stable 

across the developmental stages, least influenced 

by environmental factors, devoid of the pleaotripic 

and epistatic effects. Its also dominant marker sys-

tems, simple, quick, less costly, easier to be devel-

oped and used as well as they have high reproduc-

ibility than RAPD primers due to the longer primer 

(Vijayan, 2005). ISSR is a PCR based technique, 

which reported by Ztetkiewicz et al (1994), and 

involves amplification of DNA segments between 

two identical microsatellite repeat regions oriented 

in opposite direction using primers designed from 

microsatellite core regions. ISSR primers generate 

polymorphism whenever one genome misses the 

sequence repeat or has a deletion or insertion or 

translocation that modifies the distance between 

the repeats. Usually di-nucleotide repeats an-

chored either at 3' or 5' end reveal high polymor-

phism (Nagaoka and Ogihara, 1997; Blair et al 

1999; Joshi et al 2000). 

After many studies, It was found that ISSR 

marker is more suitable for plant genetic diversity 

study with high polymorphism and more reproduci-

bility than RAPD marker (Tadesse and Tileye. 

2013). 

From the commercial point of view, molecular 

fingerprinting is a useful tool for several applica-

tions, including its use in breeding programs, in 

determining relatedness of genotypes and for ped-

igree verification. Molecular fingerprints are useful 

for varietal protection to prove ownership or deriva-

tion of plant lines as well as to prove violations and 

breaching of patent and plant variety protection 

certificates or the misappropriation of trade se-

crets. Such techniques will play an increasingly 

important role in developing, acquiring and enforc-

ing variety proprietary rights (Atta and El-Shimi, 

2003).   

The objectives of this study are to determine 

the molecular identification and fingerprinting of 20 

Egyptian sorghum genotypes using 10 ISSR pri-

mers and to detect the genetic distance and rela-

tionships among these genotypes. 

MATERIAL AND METHODS 

 

Plant material 

 

The 20 Egyptian sorghum genotype seeds 

(Table 1) were kindly provided by sorghum de-

partment at the Field Crops Research Institute, 

Agricultural Research Center which have been 

germinated in pots contained sand, clay and peat 

moss (1:2:1) in the greenhouse of the Agricultural 

Genetic Engineering Research Institute, Agricul-

tural Research Center and irrigated twice a week 

with a tap water, as well as temperature was 28°c 

with 16 hours lighting for 10 days. Then, fresh leaf 

samples were taken after 10 days to isolate DNA 

by Cetyl trimethylammonium bromide (CTAB) 

method (Doyle et al 1990). 

 

Table 1. Names and codes of the 20 used (A & B) 

Egyptian sorghum genotypes 

 

Cultivars B Cultivars  A Code No. 

ICSB 1 ICSA 1 101 1 

ICSB 88005 ICSA 88005 108 2 

ICSB 20 ICSA 20 3 3 

ICSB 30 ICSA 30 4 4 

ICSB 93 ICSA 93 10 5 

ICSB 102 ICSA 102 12 6 

ICSB 1836 ICSA 1836 16 7 

BTX-626 ATX-626 33 8 

BKS-10288 AKS-10288 45 9 

SPDL(B)-

94031 

SPDL(A)-

94031 

52 10 

 

Methods 

 

a) DNA extraction 

 

Two hundred mg of fresh leaves were harvest-

ed by liquid nitrogen. The harvested samples were 

transferred to a 1.5 ml eppendorf tube contained a 

1 ml of CTAB (15 gm of CTAB, 41 gm of NaCl, 20 

ml EDTA 20mM, 50 ml Tris-HCL 100mM and up to 

500 ml of dH₂O), a 10 µl of βmercaptoethanol and 

a 0.2 gm of PVP. Tubes were incubated in a ther-

moshaker at 65ºc for 30 mins. A 700 µl of chloro-

form and a 29 µl of isoamyl were added then tubes 
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were centrifuged for 15 mins at 10,000 rpm. The 

aques phase was transferred to a new tube and an 

equal volume of isopropyl was added, then tubes 

were incubated at -20ºc for 30 mins. Tubes were 

centrifuged for 15 mins at 10,000 rpm, then a 500 

µl of cold ethanol was added and centrifuged for 5 

mins at 10,000 rpm. Other 500 µl of cold ethanol 

was added and centrifuged for 5 mins at 10,000 

rpm. Tubes were air dried and DNA was eluted in a 

45 µl of autoclaved dH₂O. The DNA was loaded in 

a 0.8 % agarose gel, and its concentration was 

measured by the spectrophotometer which were 

between 1.1 to 4.8 for group A and 0.6 to 15.8 for 

group B, as well as purity for group A was between 

1.3 to 2.0 and for group B was between 1.2 to 2.2. 
 

b) ISSR-PCR amplification  

 

Ten ISSR primers sequences (Table 2) were 

obtained from Simth et al (2003), Tadesse & 

Tileye (2013) and Mindaye et al (2015) of all sor-

ghum chromosomes as they previously reported a 

high polymorphism. The polymerase chain reaction 

(PCR) was performed by using Go Taq® G2 Flexi 

DNA polymeras (Promega)  in a 25 µl of mixture 

containing a 5 µl of 5x green go taq reaction buffer, 

a 1.5 µl of MgCl₂ 25mM, a 0.5 µl of dNTP's 10mM, 

a 1 µl of ISSR primer 20 pmol, a 1 µl of diluted 

preheated DNA (a 1 µl of DNA to a 10 µl of H₂O 

and heated or 3 mins at 70ºc), a 0.18 µl of Taq 

polymerase enzyme 100u and up to a 25 µl with 

dH₂O. The PCR product were amplified by the 

ISSR program under the following thermal cycle 

conditions;  94 ºc for 5 min, }94ºc for 30 sec, 45ºc 

for 1 min and 30 sec, 72ºc for 2 min, followed by 

35 cycles{ and 72ºc for 10 min. Then, a 15 µl of 

PCR product was loaded in a 1.2% agarose gel. 
 

c) Data analysis 

 

Since ISSR primers are dominant markers, 

amplified bands were scored as 1 for presence 

and 0 for absence (The binary analysis) of bands 

by Totallab120 (nonlinear dynamics, USA) pro-

gram. The UPGMA-based dendrogram and the 

principle coordinate analysis (PCoA) analysis were 

performed by using FAMD software (Schlüter and 

Harris, 2006). 
 

Table 2.  Names and sequences of the 10 used ISSR primers 
 

Polynucleotide ID Sequence 

8603067895 ISSR – 3 5'-ACACACACACACACACYT-3' 

8603067896 ISSR – 4 5'-ACACACACACACACACYG-3' 

8603067898 ISSR – 6 5'-CGCGATAGATAGATAGATA-3' 

8603067899 ISSR – 7 5'-GACGATAGATAGATAGATA-3' 

8603067900 ISSR – 8 5'-AGACAGACAGACAGACGC-3' 

8603067901 ISSR – 9 5'-GATAGATAGATAGATAGC-3' 

8603067902 ISSR – 10 5'-GACAGACAGACAGACAAT-3' 

8603067903 ISSR – 11 5'-ACACACACACACACACYA-3' 

8603067904 ISSR – 12 5'-ACACACACACACACACYC-3' 

8603067905 ISSR – 13 5'-AGAGAGAGAGAGAGAGYT-3' 

 

RESULTS AND DISCUSSION 
 

1. Molecular identification using ISSR polymor-

phism 

 

To access molecular identification level in the 

20 studied genotypes, ten ISSR primers were used 

to study DNA polymorphism among the sorghum 

genotypes as shown in Fig. (1). Table (3) showed 

the total number of bands, genotype positive 

unique marker, polymorphism percentage, band 

size and highest frequency band of each in the 

studied sorghum genotypes. All of the 10 ISSR 

primers that used in this study generated polymor-

phic and scorable amplification fragments among 

the sorghum genotypes and only one fragment 

was found to be monomorphic with ISSR (primer 

13) at fragment size of 313 bp with a 93 % of pol-

ymorphism. Tadesse and Tileye (2013) using the 

same ISSR primers (3, 4 and 10) had amplified 

100% polymorphic bands. Also similar results was 

found by Taher et al (2015) who showed that 3 

ISSR primers out of 21 ISSR primers amplified a 

monomorphic band. Primer 1 and primer 25 

showed a 80 % of polymorphism and primer 15 

gave a 66.6 % of polymorphism. 
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Fig. 1. An example for results of amplification based on the use of ISSR primer 4 and 11 in the 10 studied 

sorghum A genotypes from A1 to A10 and B genotypes from B1 to B 10 respectively based on table (1). M: 

100 bp DNA ladder.(Primer 4 is a specific primer for B genotypes at size 390 bp). 

 
A total of 152 bands were detected for the 10 

ISSR primers among the 20 sorghum genotypes 

(Table. 3). The number of bands per primer was 

ranged from 8 (primer 10) to 21 (primer 8), with an 

average of 15.2 alleles across the 10 loci, and a 

99.3 % of polymorphism percentage. The overall 

size of the amplified products was ranged from 38 

bp (primer 8) to 2897 bp (primer 8). The difference 

in base pair size between the smallest and the 

largest band for a given ISSR locus was varied 

from 562 bp with primer 10 to 2859 bp with primer 

8. Primer 10 gave eight bands with a 100% of pol-

ymorphism, Tadesse and Tileye (2013) had a 

similar result with the same primer (ISSR 10) which 

ranged from 300-600 bp, amplified seven bands 

with a 100% of polymorphism. This is in agreement 

also with Taher et al (2015) who used 21 ISSR 

primers to fingerprint 10 genotypes of sorghum 

which four of them were Egyptian. The results 

showed that total bands were 96 bands, most of 

them were polymorphic, and the percentage of 

polymorphism was 96.51% and number of bands 

per primer was ranged from 2 bands for ISSR 1 

primer and 6 bands for ISSR 3 primers, with an 

average of 7.2 bands/ primer. 

Among the 10 studied ISSR primers, eight pri-

mers were found to be useful in fingerprinting the 

20 genotypes of the present study. It was found 

that fingerprinting of B4 genotype could be discrim-

inated by three different markers (ISSR 8 at size of 

1421 bp and ISSR 12 at size of 2384 bp and  

absence with the same primer at size of 410 bp), 

followed by six genotypes could be discriminated 

with two markers: A4 (ISSR 8 at size of 2897 bp 

and ISSR 13 at size of 97 bp), A8 (ISSR 7 at size 

of 110 bp and ISSR 11 at size of 1595 bp), A9 

(ISSR 8 at size of 1705 bp and absence with ISSR 

11 at size of 415 bp), A10 (ISSR 6 at size of 104 

bp and ISSR 8 at size of 2500 bp), B1 (ISSR 4 at 

size of 1242 bp and ISSR 6 at size of 173 bp) and 

B10 (ISSR 9 at size of 2784 bp and ISSR 11 at 

size of 1064 bp). Finally other five genotypes could 

be discriminated using at least one marker: A1 

(ISSR 8 at size of 49 bp), A3 (ISSR 8 at size of 38 

bp), A6 (ISSR 9 at size of 377 bp), B2 (ISSR 12 at 

size of 1118 bp) and B3 (absence with ISSR 11 at 
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size of 311 bp). Primer 3 and 4 are the same pri-

mers which used by Tadesse and Tileye (2013) 

that were detected ISSR patterns from 200-900 bp 

with Ethiopian sorghum genotypes for both pri-

mers, in contrast with the Egyptian genotypes both 

markers were detected ISSR patterns ranged from 

180 to 771 bp for primer 3 and 153 to 1242 bp for 

primer 4. The highest frequency band in primer 3 

was at size of 264 bp and in primer 4 was at size 

of 194 bp. 

Moreover, primers 4, 6 and 13 showed positive 

markers for all B genotypes which disappeared 

from all A genotypes at band sizes of 390, 582 and 

434 bp, respectively. On the other hand, all A gen-

otypes were distinguished from all B genotypes 

using primer 13 at band size of 200 bp. 

IT can say metaphorically that primer 4 fea-

tured for B genotypes, As there are two unique 

markers were amplified in, one in genotype B1 at 

size 1242 bp and the other one from genotype B1 

to B10 at size 390 bp, Also primer 8 can be con-

sidered as featured for A genotypes, which there 

are 5 unique markers at different sizes for different 

genotypes of A, in genotypes (A4, A10, A9, A1 and 

A3) at bands size (2897 bp, 2500 bp,  1705 bp, 49 

bp 38 bp). On the other hand, ISSR primer 10 is 

unified for both A and B genotypes, in genotypes B 

the unique marker was found at size 434 bp and in 

A genotypes the unique marker was appeared at 

200 bp. According to the results in table (3), it was 

found that ISSR primers (3, 7, 8, 9, 11 and 12) 

amplified many fragments which make them poly-

morphic and the ISSR 13 primer Monomorphic. 

Generally, molecular characterization revealed 

a polymorphism percentage of 99.3 % for the test-

ed ISSR markers, indicating a high level of poly-

morphism among the studied sorghum genotypes. 

Bashandy (2016) come to a similar conclusion as 

he used 7 ISSR primers to fingerprint 4 Egyptian 

sorghums landraces and he reached that the per-

centage of polymorphism was 84.24 %. 
 

2. Genetic distance based on ISSR analysis 

 

The UPGMA-based dendrogram, which was 

obtained from the binary data deduced from the 

DNA profiles using the 10 used ISSR primers of 

the analyzed samples, added a new dimension of 

the genetic similarity perspective. Two distinct clus-

ters were created from the analysis of the pooled 

ISSR marker data as shown in Fig. (2). The first 

cluster included all A genotypes, while the second 

cluster contained only all B genotypes. However, 

the first cluster was divided into two sub-cluster, 

the first one included A1, A2, A3, A4, A5 and A6 

genotypes, while the second one contained A7, 

A8, A9 and A10 genotypes. Moreover, the second 

cluster was divided into two sub-clusters; the first 

one obtained all B genotypes except B1 and B3 

genotypes which belonged to the second  

sub-cluster. Finally, the cluster analysis showed a 

high genetic variation among the studied sorghum 

genotypes and the diversity of these genotypes 

was in an agreement with the known pedigree of 

these genotypes. Taher et al (2015) likewise 

worked on grouping of some sorghum varieties by 

using UPGMA cluster analysis that correlated with 

the geographical origin, and agronomic traits. The 

result indicated that ISSR markers could be realis-

tically used to evaluate the genetic diversity and 

differentiation among the used sorghum varieties.  

The principle coordinate analysis (PCoA) re-

sults separated the 20 studied sorghum genotypes 

into four groups as shown in Fig. (3). The first 

group included only A3 and A4 genotypes, which 

the second group contained the rest of all A geno-

types. In the other hand, the third group obtained 

B1, B2, B3, B4, B5 and B6 genotypes, whereas 

the fourth group represented B7, B8, B9 and B10 

genotypes. This result was in the same line of the 

direction of that obtained from the UPGMA cluster-

ing analysis which distinguished A genotypes from 

B genotypes. Alhajturki et al (2011) that had stud-

ied the genetic variation of 10 genotypes of sor-

ghum using 9 ISSR primers and analyze the data 

by using UPGMA method. The UPGMA results 

were based on the genetic distances derived from 

ISSR markers which were in agreement and con-

sistent with the PCoA results. The dendrogram 

divided the 10 genotypes into two maine clusters, 

and each cluster divided into two sub-clusters also 

the PCoA analysis separated the sorghum geno-

types into four groups. Finally they reached that 

there was a high considerably genetic diversity 

among the suited sorghum genotypes.   

In general, the genetic relationships among the 

studied sorghum genotypes derived from this study 

were in agreement with the known lineage of these 

genotypes. Menkir et al (1997) used molecular 

markers to analyze genetic diversity in cultivated 

races of sorghum and concluded that landraces of 

the same races grown in different habitats may 

have greater genetic dissimilarity than those of 

different races of the same habitat. We conclude 

that molecular markers are useful tools to assess 

the genetic diversity in sorghum bicolor which is 

considered as an important prerequisite for the 

improvement of sorghum cultivars and for the con-

servation of its germplasm. 
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Table 3. Total no. of alleles, polymorphism percentage, band size, and the highest frequency band of the 

20 different sorghum genotypes 

 

Highest 

frequency band 
Allele size(bp) 

Percentage 

of 

polymorphism 

Number of  bands 

ISSR loci No. 

Frequency 
Size 

(bp) 
Difference 

Range 

(bp) 

Genotype unique 

marker (bp) 
Total 

Genotype No. 

0.90 264 591 180-771 100 __________ 0 11 ISSR 3 1 

0.90 194 1089 153-1242 100 
+ B1 (1242) 

B1-10 (390) 
2 11 ISSR 4 2 

0.50 256-582 739 104-843 100 

B1-10 (582) 

+ B1 (173) 

+ A10 (104) 

3 14 ISSR 6 3 

0.70 521 997 110-1107 100 + A8 (110) 1 18 ISSR 7 4 

0.80 447 2859 38-2897 100 

+ A4 (2897) 

+ A10 (2500) 

+ A9 (1705) 

+ A1 (49) 

+ A3 (38) 

5 20 ISSR 8 5 

0.95 377 2518 266-2784 100 
+ B10 (2784) 

-A6 (377) 
2 15 ISSR 9 6 

0.85 314 562 203-765 100 __________ 0 8 ISSR 10 7 

0.95 415 2559 213-2772 100 

+ A8 (1595) 

+ B4 (1421) 

+ B10 (1064) 

-A9 (415) 

-B3 (311) 

5 21 ISSR 11 8 

0.95 410 2270 114-2384 100 

+ B4 (2384) 

+ B2 (1118) 

-B4 (410) 

3 19 ISSR 12 9 

1.00 313 2416 97-2513 93 

B1-10 (434) 

A1-10 (200) 

+ A4 (97) 

3 15 ISSR 13 10 

_______ _____ ______ ______ 99.3 __________ 24 152 Total 

_______ _____ ______ ______ ______ __________ 3.0 15.2 Average 
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Fig. 2. Dendrogram tree showed the genetic distance among the 20 studied sorghum genotypes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. PCoA analysis showed the genetic relationships among the 20 studied sorghum genotypes 
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From the commercial point of view, fingerprint-

ing is a useful tool for several applications, includ-

ing its use in breeding programs, identifying relat-

edness of genotypes and for pedigree verification. 

Molecular fingerprints are useful for varietal protec-

tion to prove ownership or derivation of plant lines, 

as well as to prove violations and breaching of 

patent and plant variety protection certificates or 

the misappropriation of trade secrets. Such tech-

niques will play an increasingly important role in 

developing, acquiring and enforcing variety propri-

etary rights (Atta and El-Shimi, 2003). Khalil 

(2013) used molecular ISSR markers to identify 

seven sorghum cultivars and indicating the genetic 

diversity among these sorghum genotypes. ISSR 

primers produced 34 bands and 23 which out of 

these bands (68%) were polymorphic with a mean 

of 4.6 band/primer. These results indicated good 

sources of diversity which will help breeders to 

evaluate genetic diversity and potentially select 

economically important traits such as salinity toler-

ance. Also Taher et al (2015) proved that ISSR 

technique is an efficient and functional tool in dif-

ferentiating the examined varieties which were 

grouped according to their geographical distribu-

tion and this facilitates enhances of their use as 

promising parents in sorghum breeding and im-

provement. 
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 زــــــــــــــــالموجـ
 

تم التقييم الوراثي لعشرين تركيب وراثي من السورجم 
. وقد ISSR ـــال المصري بإستخدام عشرة بادئات من

بمعدل   DNA ــــال من حزمة 152أنتجت تلك البادئات 
حزمة لكل بادئ. ثمانية بادئات فقط من العشرة  15.2

العشرين من حزمة مميزة  21 واالمستخدمين أنتج
تركيب وراثي المختبرين. وقد أظهر التقييم الوراثي نسبة 

من التباين لتلك البادئات خالل العشرين  111%
تركيب وراثي المختبرين. وعلى الجانب اآلخر فقد 

 ــــــــالهر تحليل شجرة القرابة بإستخدام برنامج أظ
UPGMA  تقسيم العشرين تركيب وراثي إلى مجموعتين

رئيسيتين بإستخدام تلك البادئات. وقد أظهر ذلك 
التحليل التوازي بين اإلختالفات الوراثية واألصول 
الوراثية لتلك التراكيب الوراثية المختبرة. وكذلك فقد 

نتائج متماثلة مع تحليل شجرة  PCoA ـــــالأظهر تحليل 
القرابة السابق. ويمكن للمربى اإلستفادة من تلك النتائج 

محصول للتحسين برامج التربية الخاصة بالنمو 
    السورجم. 

 
، متعدد ISSRواسمات ، DNAحمض الكلمات الدالة: 

تحليل اإلحداثيات األشكال، الذره الرفيعة )السورجم(، 
جمع زوج غير مرجح مع الوسط طريقة  ،الرئيسي
 الحسابي
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