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Abstract  

Three foreign genotypes of Cassava were used in this study, American Cassava, Brazilian Cassava and  

Indonesian Cassava genotypes. The electrophoretic banding patterns of proteins extracted from the leaves of the 

three Cassava genotypes. The results of SDS-PAGE revealed a total number of 15 bands with molecular weights 

(MW) ranging from about 29 to 220 kDa .  Data revealed 13 common bands (monomorphic), while the 

remaining 2 band were polymorphic with 13% polymorphism. The maximum number of bands (15) appeared in 

Barazilian while the minimum number (13) was present in Indonisian. Similarity index among the three Cassava 

genotypes based on protein analysis, carried out using SPSS computer program. The similarity relationships 

ranged between 93.1% and 96.6%. Dendrogram for the genotypes genetic relationships to Cassava genotypes 

divided into two clusters. The first cluster contained American and Indonisian , while the second cluster 

contained Indonisian. Twelve primers for ISSR were successful in generating reproducible and reliable 

amplicons for the three forigen Cassava genotypes. The total number of bands from twelve primers was 100 

bands; distributed as 82 polymorphic bands and 18 monomorphic bands. The nine unique bands were given 

from interaction among twelve primers ISSR and three Cassava genotypes. The polymorphism level was 

differed from primer to another reflecting the primer ability to detect the diversity among Cassava genotypes. 

The HB9-primer revealed higher level of polymorphism than the rest of ISSR primers followed by ISSR3 which 

produced 90% polymorphism.The lowest polymorphism was produced by ISSR2, SH6 with values 66%. The 

highest value was similarity between American Cassava and Brazilian Cassava  (60.0%)  . The lowest similarity 

value appeared between American Cassava and Indonisian Cassava (45.9%).  
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Introduction 

 

Cassava (Manihot esculenta Crantz) belongs to 

the Euphorbiaceae family and its center of origin is 

the central region of Brazil.It is growing for its 

starchy tuberous. Cassava is the fourth most 

important carbohydrate source for human 

consumption in the tropics and subtropics after rice 

and maize (Bellotti et al., 1999). It’s believed that 

cassava originated by hybridization between two 

wild Manihot species, followed by vegetative 

reproduction of the hybrid. The center of origin of 

cassava was first reported to be Central America 

including Colombia, Venezuela, Guatemala and 

Southern Mexico due to the large number of 

genotypes present there (Sauer, 1952 and Roger, 

1965). Cassava is the staple food of nearly 700 

million people worldwide. Cassava, which is 

generally propagated vegetatively, is one of the 

major sources of food in Africa (Cock, 1982). The 

roots, which are an excellent source of 

carbohydrates, have a very low protein content. 

Cassava has the advantage of being well adapted to a 

wide range of environmental stresses. It grows very 

well in less fertile soil in contrast to many other 

crops that are highly vulnerable to environmental 

stresses during critical stages of plant development 

(Ugorji, 1998). Cassava is generally propagated with 

stem cuttings, thereby maintaining a genotype. Under 

natural conditions as well as in plant breeding, 

propagation by seed is common and farmers in 

Africa are known to occasional use of spontaneous 

seedlings for subsequent planting (Silvestre and 

Arraudeaus, 1983). Since introduction of the crop to 

Africa from Latin America by Arab and European 

traders, asexual propagation and human selection for 

resistance and adaptability to biotic and abiotic 

constraints are expected to have reduced cassava’s 

genetic diversity (Fregene et al., 2003). Cassava has 

a big role in order to secure food security (Raji et al., 

2009). Techniques based on molecular marker 

analysis (i.e. RFLP, RAPD, ISSR-PCR) may provide 

a more efficient and accurate screening method 

biochemical genetic analysis. Simple sequence 

repeats comprise short oligonucleotide sequences, 

two to six bases long, repeated in tandem array, 

which occur very frequently in eukaryotic genomes 

(Tautz and Renz, 1984; Beckmann and Soller 

1990 and Lagercrantz et al. 1993). The ISSR-PCR 

technique uses primers that are complementary to a 

single SSR and anchored at either the 5′ or 3′ end 

with a one- to three-base degenerate oligonucleotide 

(‘anchor’) (Zietkiewicz et al., 1994). The objective 

of this study was to investigate the genetic diversity 

and the molecular profile in imported cassava 

genotypes using SDS-protein electrophoresis and 

ISSR markers. 

 



74        H.S. Baiea et al. 

 

  Annals of Agric. Sci., Moshtohor, Vol. 55 (1) 2017. 

Materials and Methods 

 

Plant Materials: Three Cassava genotypes which 

were obtained from the Horticulture Research 

Institute (HRI), Egypt and mature leaves were taken 

from three genotype (table 1). 

 

Table 1. List of Cassava genotype and their origin of 

production. 

No. Cultivars Origin 

1 American USA 

2 Brazilian Brazil 

3 Indonesian Indonisia 

 

SDS-protein electrophoresis  

SDS-polyacrylamide gel electrophoresis (SDS-

PAGE) was performed according to the method of 

Laemmli (1970), as modified by Studier (1973). 

Youngest–leaves samples were taken from each 

genotype of cassava.  

 

Extraction of water–soluble protein fraction from 

leaves.  

One gram leaves of each cultivars was frozen 

with liquid nitrogen and ground with 2ml water 

soluble extraction buffer in a mortar and pestle. 

Samples were transferred to eppendorf tubes, then 

centrifuged for 20 min at 12000 rpm at 4ºC. 

Supernatants containing water-soluble protein 

fraction were transferred to clean tubes and stored at–

20ºC. 

 

Extraction buffer for soluble protein from leaves 

Water Soluble buffer :- (0X) Tris (1M, pH8.8) 6 

ml , EDTA (0.25M) 800µl, H2O (dd) up to 100 ml , 

2X buffer , SDS(10%) 40 ml , Glycerol 20 ml , Tris 

(1M pH8.8) 12 ml , 0.25M EDTA 1.6 ml , H2O (dd)    

up to 100 ml. 

The stock solutions used for protein 

electrophoresis were as follows:- 

1. Acrylamid stocks ( kept in dark, 4ºC)  

a. For resolving gel Acrylamide  30.0 g , Bis-

acrylamid  0.8 g , H2O (dd)   up to 100 ml  

b. For stacking gel , Acrylamide 30.0 g Bis–

acrylamide 1.0 g , H2O (dd) up to 100ml 

2. Resolving gel buffer (4X Tris, pH 8.4,4ºC) Tris  

18.15 g , HCl (conc)  3.5 ml , H2O (dd)   up to 100 

ml. 

3. Stacking gel buffer (1M Tris- HCl, pH 6.8,4ºC) 

Tirs 12.11 g , H2O (dd)  up to 100 ml , adjusted pH to 

6.8 by HCl. 

4. Run buffer , Tris 15.14 g , Glycine 72.07g , 

10% SDS 50 ml , H2O (dd) up to 5 L  

Gel preparation 

Vertical slab (18x 16 cm) gel electrophoresis 

apparatus was used as marketed by Biorad. All glass 

were washed with ethanol 70% Spacers of 1.5 mm 

were used. 

1. Resolving gel (15 % acrylamide) Acrylamide 

stock (for resolving gel) 31.66 ml,Tris, (4X pH 8.4 ) 

16.25 ml , H2O (dd) 16.10 ml 

This solution was filtered, then the following 

ingredients were added : 

SDS (10%) 750µl , Ammonium persulphate 

(10%) freshly prepared 500µl TEMED  100µl. 

This solution was instantly swirled. Two gels 

were poured simultaneously to a height of 1.5 below 

the bottom of the comb. Gels were overlaid with 

isopropanol and left to polymerize for at least one h. 

Isopropanol was removed before the stacking gel was 

poured.  

2. Stacking gel : Acrylamide stock 2.66 ml , Tris 

(pH6,8 2.50 ml , H2O (dd) 14.70 ml. 

This solution was filtered, and then the following 

ingredients were added: 

SDS (10%) 250 µl , A.P.S (10%) 100 µl , TEMED   

40 µl 

This stacking gel solution was quickly poured over 

the two resolving gels, and 15 well combs were used. 

Gels were left to polymerize for 45 min before gels 

were run. 

 

Application of samples 

A volume of 100 µl protein extract for each 

sample was added to 25%(v/v) volume of water–

soluble buffer (2X). mercaptoethanol (10µl) was 

added to each sample (10%) SDS. Samples were 

boiled for 5 minutes and 100 µl of each samples was 

loaded on the gel after adding one drop of loading 

buffer (bromophenol blue and glycerine). 

 

Gel running and staining 

Two liters of the run buffer were poured into the 

running tank and precooled by flooding cold water 

(4ºC) through cooling tubes. The run buffer (400 ml) 

was added to the upper tank just before running. Gels 

were run at 100 volt for a quarter of an hour then the 

voltage was raised at 250 volt until the dye reach one 

inch from the bottom of the gel. Gels were removed 

from the apparatus and placed in plastic tanks, then 

covered with staining solution. Gels were agitated 

gently overnight. 

The composition of the staining solution was as 

following :  

Methanol 455 ml, Coomassie Brilliant, BlueR250  

1g , Acetic acid (conc)  90 ml , H2O (dd)  455 ml. 

After removing the staining solution, gels were 

covered with a distaining solution (freshly prepared ) 

of the following composition: Methanol 700 ml , 

Acetic acid (conc) 200 ml , H2O up to 3500 ml. 

Gels were agitated gently for one hour. After 

removing the solution, anew one was added. This step 

was repeated several times until gel background 

became clear to be photographed. 

 

DNA extraction.  

DNA was extracted using standard procedures 

according to ( Dellaporta et al.  1983 ) with slight 
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modifications. Freshly harvested young leaf (0.3 g) 

of each genotype was ground in liquid nitrogen using 

a pestle and a mortar. The fine powder was 

transferred to 1.5 ml eppendorf tube using a frozen 

spatula. Eight hundred microlitres of preheated 

(65oC) extractionbuffer and 50 µl of 20% SDS 

solution were added to each tube and the mixture 

homogenised for 30 seconds by intermittent 

inversion. The tubes were incubated at 65oC for 15 

min with intermittent inversions and incubated at 

room temperature for 5 min. Proteins and 

polysaccharides were precipitated by adding 250 µl 

of ice-cold 5M potassium acetate and mixed by 

inverting the tubes 5-8 times. The tubes were placed 

on ice for 20 minutes and centrifuged at 13,250 rcf in 

eppendorf centrifuge 5418 (Germany) for 10 min. 

The supernatant was transferred to a new eppendorf 

tube and 500 µl of ice-cold isopropanol added and 

mixed by inverting gently 8- 10 times to precipitate 

crude DNA. The mixture was incubated at -20oC for 

30 min and centrifuged at 13,250 rcf for 10 min. 

 

Inter simple sequence repeat markers (ISSRs) 

List of the twelve primer names and their 

nucleotide sequences used in the study for ISSR 

procedur were illustrated in table 2. 

ISSR-PCR was carried out according to 

(Williams et al., 1990).  The primers used were 11 to 

18 mer olignucleotide; twelve  primers were selected 

as potentially useful.  The codes and sequences of the 

used primers are shown in Table 2. PCR  reactions 

were optimized and mixtures (25µl total volume) 

were composed of dNTPs (200µM), MgCl2 

(1.5mM),1x buffer, primer(0.2µM), DNA (50ng),Taq 

DNA polymerase (2 units). Amplification was 

carried out in a thermo Cycler programmed for 94°C 

for 3 min (one cycle); followed by 94°C for 30sec, 

40°C for 45 sec and 72°C for 1 min (35 cycle), 72°C 

for 10 min (one cycle) then 4°C (infinitive.) 

Amplification products (25µl) were mixed with 3µl 

loading buffer and separated on 1.3%agarose gel and 

stained with 0.5 µg/ml ethidium bromide, and 

visualized under ultraviolet light and photographed. 

DNA fragment sizes were determined by 

comparisons with the 1kb DNA ladder marker. 

 

Table 2.  show ISSR Primer  

NO Name Sequence 

1 814A (CT)8TG 

2 844A (CT)8AC 

3 844B (CT)8GC 

4 17898A (CA)6AC 

5 HB9 (GT)6GG 

6 HB11 (GT)6CC 

7 Issr2(h) CAC(TCC)5 

8 Sh 6(h) CGC(GATA)4 

9 Sh 7(h) GAC(GATA)4 

10 Sh 8(h) (AGAC)4GC 

11 HB12 (CAC)3 GC 

12 Issr3(h) TTT(TCC)5 

Data analysis 

Clear, unambiguous and reproducible bands were 

considered for scoring. Each band was considered a 

single locus. Data were scored as (1) for the presence 

and (0) for the absence of a given DNA band. Band 

size was estimated by comparing with 1-kb ladder 

(Invitrogen, USA) using Totallab, TL120 1D v2009 

(nonlinear Dynamics Ltd, USA). The binary data 

matrices were entered into the NTSYSpc (Ver. 2.1) 

and analyzed using qualitative routine to generate 

similarity coefficient and used to construct a 

dendrogram using unweighted pair group method 

with arithmetic average (UPGMA) and sequential 

hierarchical and nested clustering (SHAN) routine 

(Nei, 1973 and 1978). 

 

Results and Discussion 

 

Molecular fingerprints based on SDS- proteins 
The electrophoretic banding patterns of proteins 

extracted from the leaves of the three cassava 

genotypes are shown in Figure (1) and their 

densitometric analysis are illustrated in Table (3). 

The presence and absence of bands were represented 

with (1) and (0), respectively. The results of SDS-

PAGE revealed a total number of 15 bands with 

molecular weights (MW) ranging from about 29 to 

220 kDa, which were not necessarily present in a 3 

genotypes. 

 

Table 3.  Densitometric analysis for SDS leaves 

protein among three cassava genotypes. 

Indonesian Brazilian American MW KDa 

1 1 1 220 

1 1 1 164 

1 1 1 112 

1 1 1 110 

1 1 1 94 

1 1 1 91 

1 1 1 81 

1 1 1 78 

1 1 1 74 

1 1 1 68 

1 1 1 61 

1 1 1 55 

1 1 1 45 

0 1 1 37 

0 1 0 29 

13 15 14 Total 

 

Data revealed 13 common bands (monomorphic), 

while the remaining 2 band were polymorphic with 

13% polymorphism. The densitometric analysis of 

the SDS-protein banding patterns of the studied 

genotypes were found to be useful in varietal 

identification of the studied cassava genotypes. The 

three genotypes showed different patterns in the 

presence of bands. The maximum number of bands 

(15) appeared in Barazilian genotypes while the 
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minimum number (13) was present in Indonesian 

genotypes. However, there are resemblance between  

genotypes and especially American and Brazilian, 

Barazilian genotype was characterized by a unique 

fingerprint. Pereira et al. (2002) Investigated 

Proteins from young unexpanded leaves of seven 

cassava cultivars (M. esculenta) through SDS-PAGE. 

Protein patterns,  showed a polypeptide subunit 

present exclusively in Fecula Branca, with a 

molecular weight of 93.5 kDa. Souza et al. (2002)  

Studied protein population of cassava root layers  

characterized by SDS-PAGE. It revealed the 

presence of a protein population in the molecular 

weight range between 94 and 20 kDa. Wechkrajang 

et al. (2006)  Examined  protein expression patterns 

in adventitious and  of the commercial cassava 

cultivars Rayong 1 (R1) and Kasetsart 50 (KU50). 

Total protein  analysed for protein profile using SDS-

PAGE. SDS-PAGE revealed unique protein bands in 

the cassava roots from 35 days after planting on 

wards. 

Dendrogram for the genotypes is presented in 

Figure (2). It showed a degree rapprochement 

between the American and Brazil while having the 

spacing between the American and Brazil. American 

product was closer to Indonesia than the Brazilian. 

 

 
 

Figure 1. SDS-protein banding patterns among 

three cassava genotypes. 

A- American       B- Brazilian    D - Indonisian 

 

 
Fig. 2 . Dendrogram of the genetic distances between three 

Cassava genotypes based on SDS-PAGE 

(1 - American       2- Brazilian   3 – Indonesian ). 

 

SPSS program was used to analyze the data 

because of the difficulties in the visual interpretation 

of SDS-PAGE of leaves protein profiles. The 

numerical analysis of SDS-PAGE of leaves protein 

profiles showed that each genotype had slight 

discriminative protein banding (Table 4), the results 

obtained from using sodium dodecyl sulphate 

polyacrylamide gel electrophoresis (SDS-PAGE) 

technique with three cassava genotype showed that 

the the convergence that exists between the Brazilian 

and the American because of the the convergence 

between the  genotype source for example  American 

source of the United States and Brazilian exporter 

from Brazil, both countries are close  as Brazil in 

South America, while the USA  in  North America , 

the existence of the spacing between the American 

and Brazil with Indonesia as the Indonesian  from  of 

Indonesia, located in  Asia, and thus geographical 

affect on the degree of the convergence between the 

genotypes. 

 

Table 4. Genetic similarity matrix among three 

Cassava genotypes. as computed according to Dice's 

similarity coefficient from SDS protein generated 

data. 

 American Brazelian Indonesian 

American 100   

Barazelian 96.6 100  

Indonesian 94.7 93.1 100 
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Figure 3. Representative gel showing  ISSR marker with three Cassava  

Genotype (1 = American , 2= Brazilian , 3 = Indonisian ) 
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INTER SIMPLE SEQUENCE REPEAT MARKERS 

(ISSRs) 

Figure (3) shows the DNA banding patterns 

obtained with twelve ISSR primers for the three 

genotypes, i.e., American Cassava, Brazilian Cassava 

and Indonesian Cassava . The total bands from ten 

primers were 100 bands; these bands were distributed 

18 monomorphic bands and 82 polymorphic bands 

including 53 unique bands Table ( 5). The fifty three 

unique bands were given from interaction among 

twelve primers ISSR and three cassava genotypes. 

The polymorphism level was differing from one 

primer to another that reflects the primers ability to 

detect diversity between cassava genotypes as shown 

in Table (6.1,6.2 ).  

The HB9 ISSR-primer revealed higher level of 

polymorphism than the rest of ISSR primers 

followed by ISSR3 which produced 90% 

polymorphism. The lowest polymorphism was 

produced by SH6 and ISSR2  with values 66 Table 

(6.1,6.2 ) . Moreover, the primers was differing in the 

produce bands the primer HB9 and ISSR3 give 10 

bands which were highest values in all of them, 

while, the lowest bands produced is 6 bands by 

primer 17898A . The unique bands were founding 

from all ISSR-PCR primers . These results agree 

with those of Zayed et al, (2013). The total number 

of bands from the ten primers was 79 bands; 

distributed as 36 monomorphic bands and 43 

polymorphic bands  including  nine unique bands 

were given from interaction among ten primers ISSR 

and four cassava genotypes. Ru et al. (2012) 

Analyzed the genetic polymorphism of 39 cassava 

varieties useing Ten pairs of ISSR primers. A total of 

70 clear electrophoretic bands were amplified, each 

pair of primers had amplified 3-9 electrophoretic 

bands, with an average of 7, and the length of 

amplified bands ranged from 150 to 2,000 bp 

 

Table 5. Present and absent bands ISSR-PCR products by ISSR-primers in three cassava genotypes.  

( A=American ,  B= Brazilian ,  D = Indonisian). 

D B A Base 

pair 

No D B A Base 

pair 

No D B A Base 

pair 

No 

    SH6     HB11     844A 

0 0 1 1000 1 1 0 0 220 1 1 0 0 250 1 

1 0 0 700 2 1 0 0 190 2 0 1 0 190 2 

0 1 1 650 3 0 1 1 180 3 1 0 1 160 3 

1 1 1 400 4 1 1 1 100 4 0 0 1 140 4 

1 0 0 370 5 0 1 0 90 5 0 1 0 110 5 

1 0 0 220 6 1 1 1 80 6 0 1 1 90 6 

0 1 1 200 7 0 0 1 60 7 1 1 1 80 7 

1 1 1 180 8 1 1 0 50 8 1 0 0 70 8 

1 1 1 100 9     HB12 0 1 1 50 9 

    ISSR3 1 0 0 200 1     844B 

1 1 0 650 1 0 1 0 170 2 0 1 0 190 1 

0 0 1 500 2 0 0 1 160 3 1 0 0 180 2 

1 1 0 400 3 1 0 0 150 4 0 0 1 150 3 

0 1 0 250 4 0 1 1 100 5 1 0 0 140 4 

0 0 1 240 5 1 0 0 90 6 0 1 0 130 5 

0 0 1 200 6 1 1 1 80 7 1 0 1 90 6 

1 1 0 180 7 1 0 1 50 8 0 1 1 80 7 

0 1 1 170 8     814-A 1 1 1 50 8 

0 1 0 150 9 1 0 0 650 1     17898A 

1 1 1 100 10 1 0 0 400 2 0 1 0 190 1 

    SH7 1 0 0 300 3 1 0 1 160 2 

0 0 1 500 1 0 1 0 250 4 1 1 1 130 3 

1 0 0 400 2 0 0 1 240 5 0 1 1 90 4 

0 0 1 250 3 1 1 0 220 6 0 0 1 80 5 

1 1 0 240 4 1 1 1 180 7 1 1 0 50 6 

1 0 1 170 5 1 1 1 100 8     HB9 

0 1 0 150 6     ISSR2 0 1 1 240 1 

1 1 1 100 7 1 1 1 650 1 0 1 1 220 2 

    SH8 0 1 1 400 2 0 1 0 200 3 

0 1 1 500 1 0 1 0 370 3 0 0 1 190 4 

1 1 1 370 2 1 0 1 250 4 1 0 0 150 5 

0 1 0 240 3 0 1 0 200 5 0 1 1 140 6 

1 0 0 200 4 1 0 0 190 6 0 0 1 90 7 

0 0 1 190 5 1 1 1 180 7 1 0 0 80 8 

1 1 0 180 6 1 0 0 170 8 1 0 0 60 9 

0 0 1 170 7 1 1 1 100 9 1 1 1 50 10 

1 1 1 100 8           
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Table  6.1. Primer name, total number of bands, monomorphic bands, polymorphic bands,polymorphism ratio, 

unique bands and genotypes code.  (A = American Cassava), (B = Brazilian Cassava) and (D = Indonesian 

Cassava). 

Unique bands Polymorphism 

% 

Total 

band 

Polymorphic 

band 

Monomorphic 
band 

Primer 

name 

N0 

bp Genotype 
 

No. 

250 D 5 88 9 8 1 844A 1 

190 B 

140 A 

110 B 

70 D 

190 B 5 87 8 7 1 844B 2 

180 D 

150 A 

140 D 

130 B 

190 B 2 83 6 5 1 17898A 3 

80 A 

200 B 6 100 10 10 0 HB9 4 

190 A 

150 D 

90 A 

80 D 

60 D 

220 D 4 

 

75 8 6 2 HB11 5 

190 D 

90 B 

60 A 

200 D 5 87 8 7 

 

1 HB12 6 

170 B 

160 A 

150 D 

90 D 
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Table 6.2. Primer name, total number of bands, monomorphic bands, polymorphic bands,polymorphism ratio, 

unique bands and genotypes code. (A = American Cassava), (B = Brazilian Cassava) and (D = Indonesian 

Cassava). 

Unique bands Polymorphism 

% 

Total 

band 

Polymorphic 

band 

Monomorphic 

ban 

Primer 

name 

N0 

bp Genotype 
 

No. 

650 D 5 75 8 6 2 814-A 7 

400 D 

300 D 

250 B 

240 A 

370 B 4 66 9 6 3 ISSR2 8 

200 B 

190 D 

170 D 

1000 A 4 66 9 6 3 SH6 9 

700 D 

370 D 

220 D 

500 A 5 90 10 9 1 ISSR3 10 

250 B 

240 A 

200 A 

150 B 

500 A 4 85 7 6 1 SH7 11 

400 D 

250 A 

150 B 

240 B 4 75 8 6 2 SH8 12 

200 D 

190 A 

170 A 

  53 82 100 82 18 Total 

 

Similarity and Dissimilarity 

Similarity indices among the three  cassava 

varieties based on ISSR analysis revealed that the 

highest value was between American Cassava and 

Brazilian Cassava  (60.0%) table  (7)  . followed by 

Brazilian Cassava and Indonesian (47.7%). The 

lowest similarity value appeared between American 

Cassava and Indonesian Cassava (45.9)  (Table 7). 

These results agree with results obtained by zayed et 

al, (2013).  The genetic distance among cassava was 

very narrow, with genetic similarity coefficients 

ranging between 0.750 and 0.823. Ru et al, (2012) 

the similarity coefficient of 0.67; in addition, the 

genetic distance among cassava was very narrow, 

with genetic similarity coefficients ranging between 

0. 80 and 1.00. 

 

 

Table 7.  Similarity indices among the three cassava genotypes based on ISSR analysis. 

 American Brazelian Indinesian 

American 100   

Barazelian 60 100  

Indinesian 45.9 47.7 100 
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Fig. 4 . Dendrogram of the genetic distances between three Cassava genotypes based on twelve ISSR-PCR 

primers 

 

Dendrogram and cluster analysis 

As shown in Fig. (4) the cassava genotypes were 

distributed in two clusters. The cluster had 

Indonesian Cassava only while the second cluster 

included two American and Barazelian. Therefore, 

the genetic distance between both the American and 

Barazelian is very low as shown in Table ( 4 ) and 

the far genetic distance was observed between 

American Cassava and Indonesian Cassava. The 

origin of the genotypes may be explain the causes of 

genetic distance.  These results agree with results 

obtained by zayed et al, (2013). 
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  ISSRو   SDSقياس التنوع الوراثى فى بعض أصناف الكسافا الأجنبية بإستخدام تقنيتى 
 مهران مختار محمد النجار2محمد سراج الدين عبد الصبور ، 1مخلوف محمد محمود بخيت، 1؛ حسام سعد محمد بعية 1

 قسم الوراثة والهندسة الوراثية، كلية الزراعة، جامعة بنها، مصر1
 كلية الزراعة، جامعة بنها، مصر قسم البساتين،2

 
ك عنن ررين  تم دراسة درجة التشابه الوراثية بين ثلاث أصناف منن الكسنا ا و نل الكسنا ا اكمريكينة ، الكسنا ا البرازيلينة ، الكسنا ا اكندونيسنيه و لن

واسننمات الجزيليننة التننل تعتمنند علننل تفاعننك البلمننر  التفرينند الكهربننالل للبننروتين برريوننة الصننوديوم دوديسننيك سننلفات وكنن لك اسننتعماك تونيننة مننن تونيننات ال
اصنناف  لنثلاث أظهرت النتالج المتحصنك عليهنا عنن ررين  التفريند الكهربنالل للبنروتين برريونة الصنوديوم دوديسنيك سنلفات. ISSRالمتسلسك و ل الن 

حزمننة متعنندد   1حننزم وحينند  المظهننر و  11تننون   كيلننو دال 222إلننر  22عننند وزن جزيلننر يتننراوي مننا بننين  11مننن الكسننا ا، أن العنندد الكلننل للحننزم 
حزمننة أظهننر  الصنننف   11حزمننة متفننرد  ا  كننان  ننناك تبنناين بننين عنندد الحننزم  يمننا بننين اكصننناف وبعوننها حيننث كننان أعلننل عنندد  ننو  1المظننا ر  و

بين النثلاث أصنناف منن الكسنا ا  كاننت تتنراوي  حزمة أظهر  الصنف الاندونيسل ا أظهرت النتالج أن التشابة الوراثل 11البرازيلل بينما أقك عدد كان 
بنين الصننف  %1ا21بنين الصننف الامريكنل والصننف البرازيلنل  بينمنا كاننت أقنك نسنبة  9ا29، حينث كاننت أعلنل نسنبة %9ا29إلنر 1ا21منا بنين 

لنننل تتونننمن الصننننف اكمريكنننل أصنننناف منننن الكسنننا ا إلنننر مجمنننوعتين المجموعنننة الاو  1الامريكنننل والصننننف الاندونيسنننل اقسنننمت الدنننندوجرامات النننن 
بناد    12منن النن  DNAحزمنة جزيلينة منن حنزم النن  122والبرازيلل بينما المجموعة الثانية تومنت الصنف الاندونيسل  ور ا تم الحصنوك علنل عندد 

حزمنة  ريند  منن التفاعنك  11الحنزم  بنينكمنا كنان  monomorphicحزمنة  12و   %22وبنسنبة تبناين قندر ا   polymorphic    حزمنة  51منهنا 
( يليلنه البنناد  %122أعلنل معندك منن التبناين    HB9ا وقند أظهنر البناد  الجزيلننل تراكين  وراثينة منن الكسنا ا بناد  والثلاثنة 12 و النن  ISSRبنين 

( ، أظهنرت النتنالج %99بناين  أقنك معندك منن الت  ISSR2 ,SH6( ، كمنا أظهنر البناد  الجزيلنل % 22ال ى أظهر نسبة تبناين   ISSR3الجزيلر 
(  بنين الصننف اكمريكنل والصننف 5152(  وأن أقك تشابه وراثل قيمتنه  %92أن أعلل تشابه وراثر بين الصنف الامريكل والصنف البرازيلل قيمته  

 اكندونيسل ا
 

 ISSRدلالك اك،  الكسا ا ، اكختلا ات الوراثية ، تفريد البروتين كهرباليا الكلمات الرئيسية:


