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Abstract:  
In order to better understand the relationship genotype-phenotype, marker-

trait associations in 7 sorghum genotypes were studied using a set of 75 DNA-
based molecular markers (39 SRAP and 36 ISSR polymorphic markers). SRAP 
and ISSR analysis showed similar average of the percentage of polymorphism 
(%P) which was 51.37 and 53.03%, respectively, as well as the average of poly-
morphic information content (PIC) which was 0.17 and 0.16, respectively. More-
over, the means of marker index (MI) were 0.68 and 0.73 for SRAP and ISSR 
markers, respectively. The result of di-nucleotide repeat ISSR (UBC-846 be-
longed to (CA) repeats) primers represented the highest levels of polymorphism 
of about 70%. The SRAP primer combinations ME4F-EM10R produced the 
highest level of %P of 86%, while the primers ME2F-EM8R produced the lowest 
level of %P of 25%. Single-marker analysis (SMA) indicated that 4 SRAP mark-
ers linked to leaf area/plant, panicle length, 1000-Grain weight and grain 
yield/plant. The ISSRs markers; UBC-834.1650bp and UBC-834.1700bp were re-
garded as candidate markers, linked to leaf area/plant, panicle length, 1000-Grain 
weight and number of green leaves. The cluster analysis based on SRAP, ISSR 
and means of phenotypic data revealed similarity coefficient values ranged 
from0.685 to 0.847, 0.627 to 0.882, and from 0.878 to 0.978, respectively. Simi-
larity matrices generated by SRAP markers and ISSR showed a positive but in-
significant correlation (r = 0.21, P� 0.05). 
Keywords: Sorghum, correlation, polymorphism, similarity. 
 
 

Introduction 
In Egypt, grain sorghum is an 

important cereal crop production after 
wheat, maize and rice. In 2014, the 
cultivated area of grain sorghum in 
Egypt was about 148,460 ha, produc-
ing about 804,000 tons with an aver-
age productivity of 5.42 ton/ha ac-
cording to (FAOSTAT, 2017). Most 
of grain sorghum cultivated area in 
Egypt is concentrated in Assiut and 
Sohag governorates (Upper Egypt), 
where grain sorghum is more tolerant 
to drought and temperature stress 
than maize. 

For breeding program, breeders 
look for the existence of genetic vari-
ability for the characters of interest 
(Jahufer and Gawler, 2000). This is 
due to the critical role of genetic vari-
ability in determining the amount of 
progress to be made by selection. 
Hence, estimation of the extent and 
pattern of genetic variability existing 
in the available germplasm is essen-
tial to breeders.  

Morphological markers have 
been used to estimate genetic diver-
sity in sorghum landraces elsewhere 
(Abdi et al., 2002; Ayana et al., 2000; 
Bucheyeki et al., 2009) and histori-
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cally in Mendelian analysis of dis-
crete morphological traits (Doggett, 
1988). However, morphological 
markers are greatly influenced by en-
vironmental factors (Ayana et al., 
2000). Molecular markers are not in-
fluenced by environmental conditions 
for this reason these markers are de-
cisive and more efficient for selection 
in breeding programs as well as to 
assess genetic diversity amongst.  In 
relation to cost, easiness of use, con-
sistency and repeatability of the re-
sults, inter simple sequence repeat 
(ISSR) and sequence related ampli-
fied polymorphism (SRAP) are tech-
niques based on polymerase chain 
reaction (PCR) used to assess genetic 
diversity. SRAP is a molecular 
marker technique which could pro-
vide high polymorphism and plentiful 
information (Wang et al., 2009). 
SRAP targets functional genes and 
can be efficiently used for marker-

assisted selection (MAS). ISSR 
markers are semi-arbitrary which 
used single forward primers with 16-
18 nucleotide length comprises re-
petitive units and anchors 2-4 arbi-
trary nucleotides at the 3' or 5' end. 
These techniques have been widely 
used in studies of genetic mapping, 
genetic diversity, evolution and mo-
lecular ecology (Yang et al., 1996). 
Therefore the objectives of this inves-
tigation were to estimate the perform-
ances of sorghum genotypes, the 
level of polymorphism and marker 
trait associations using phenotypic 
characters, SRAP and ISSR markers. 
Materials and Methods 
Genetic Materials 

The grain sorghum (Sorghum 
bicolor L. Moench) used in this study 
(Table 1) were kindly provided by 
Sorghum Research Department, Field 
Crop Research Institute, Agricultural 
Research Center, Giza, Egypt.  

 
Table 1. The pedigree and the origin of the studied sorghum genotypes. 

Genotype Lines Pedigree Origin Genotype Testers Pedigree Origin 
L1 SPST-B-92005  India T1 MR-48212  India 
L2 BKFR-89  Zambia T2 SGL-87  Mexico 
L3 SPRU-B-92007 India T3 ICSR-92014 India 
L4 SPMD-B-92025 India    

 

Field Experimental Design:  
The genotypes (four maintainer 

and three restorer lines) were sown 
on 21th June, 2017 in a Randomized 
Complete Block Designs (RCBD) 
with three replications. Each replica-
tion contained 20 plots, each plot 
consisted of two rows with 4 m long, 
60 cm apart between rows and 15 cm 
between hills within a row. After full 
emergence the seedlings were thinned 
to two plants per hill before the first 
irrigation, three weeks after sowing. 

Plants were irrigated every 15 days. 
The agricultural practices were fol-
lowed as recommended. 
Traits Definitions 

The following agronomic traits 
were recorded as the mean of ten ran-
dom guarded plants in each plot; days 
to 50 % flowering, plant height (cm), 
number of green leaves pre harvest, 
leaf area/plant (leaf length x leaf 
breadth x 0.75 x no. of leaves/plant, 
where 0.75 is a constant factor), pani-
cle length (cm), panicle width (cm), 
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1000-grain weight (g) and Grain yield 
/ plant (g). 
Analysis of variance 

Data was subjected to analysis 
of variance in a randomized complete 
block design (RCBD) according to 
Gomez and Gomez (1984). The mean 
squares of genotypes and replications 
for all studied traits were tested for 
significance according to the F-test 
(data not shown). The forms of the 
analysis of variance were as outlined 
by Cochran and Cox (1957). 
DNA extraction and PCR proce-
dure 

Fresh young leaves of seven pa-
rental sorghum plants were harvested 
and immediately ground in extraction 
buffer using cetyltrimethyl ammo-
nium bromide (CTAB) protocol as 
described by Porebski et al. (1997). 
For each genotype, 0.2 of ground leaf 
tissue was suspended in 2 ml of ex-
traction buffer (20 mM of EDTA, 0.1 
M of Tris-HCL, 1.4 of Nacl, 2% 
CTAB, 1% of PVP). The DNA pellet 
was then suspended in 100 µl of TE 
buffer. Genomic DNA was diluted 
10-fold in water prior to 35 cycles of 
PCR amplification.  

The PCR assays were per-
formed for SRAP and ISSR markers 
in a 20µl volume containing 0.2µl of 
Go Taq polymerase, 3.5µl of primer 

(8 pmol), 4µl 5X green buffer, 2µl 
Mgcl2, 2µl dNTPs (2.5mM), 5.3µl of 
free nuclease water and 3µl (150-200 
ng) of genomic DNA templates. The 
thermal Cycler 96-Labmet (USA) 
was programmed for ISSR marker as: 
1 cycle (an initial denaturing step) of 
5 min at 94ºC, 40 cycles of 30 sec at 
94ºC (denaturation step), 30 sec at 
43ºC to 61ºC (annealing step, opti-
mized for each primer), 2 min 30 sec 
at 72ºC (elongation step) and 5 min at 
72ºC (final extension), then stored at 
8ºC. The program for SRAP markers 
was as following: 5 cycles compris-
ing 1 min at 94ºC (denaturation), 1 
min at 35ºC (annealing) and 1 min 30 
sec at 72ºC (elongation), in the fol-
lowing 35 cycles, denaturation at 
94ºC for 1 min, annealing at 47ºC to 
56ºC for 1 min and elongation at 
72ºC for 2 min, ending with an elon-
gation step for 10 min at 72ºC. The 
amplified products were electropho-
resed in a 1-1.5% agarose gel stained 
with 0.2 µl ethidium bromide. The 
amplified fragments were visualized 
and photographed using UVP Bio 
Doc-It imaging system (USA) Sam-
brook et al.(1989). ISSR and SRAP 
techniques were conducted using 9 
primers and 11 primer combinations, 
respectively (Table 2).  
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Table 2. Primers and their sequences of the SRAP and ISSR molecular markers 
used in this study. 

Primers 
name 

Primer Sequence 
(5' – 3') 

Primers name Primer 
Sequence (5' – 3') 

ME-1(F) TGAGTCCAAACCGGATA UBC-815 (TC)8A 
ME-2(F) TGAGTCCAAACCGGAGC UBC-825 (AC)8T 
ME-4(F) TGAGTCCAAACCGGACC UBC-834 (GA)8TT 
ME-7(F) TGAGTCCAAACCGGACG UBC-834-1 (AG)8YT 
ME-9(F) TGAGTCCAAACCGGTGC UBC-846 (CA)8AT 
EM-3(R) GACTGCGTACGAATTGAC UBC-848 (CA)8AG 
EM-5(R) GACTGCGTACGAATTAAC UBC-849 (GT)8YA 
EM-6(R) GACTGCGTACGAATTGCA UBC-852 (GATA)2(GACA)2 
EM-8(R) GACTGGGTACGAATTCGA UBC-876 (GGGGT)3G 
EM-9(R) GACTGGGTACGAATTCAC   
EM-10(R) GACTGGGTACGAATTCCA   
 

Data of molecular markers analysis 
The DNA banding patterns gen-

erated by ISSR and SRAP were ana-
lyzed by computer program Gene 
Profiler software (version 4.03). The 
presence (1) or absence (0) of each 
band was recorded for each genotype 
for all studied primers. Genetic simi-
larity was estimated according to Jac-
card (1908). To measure the informa-
tiveness of the ISSR and SRAP 
markers techniques, the polymorphic 
information content (PIC) was calcu-
lated according to the formula of 
Ghislain et al. (1999) as PIC= 1- [(p) 

2 + (q)2] where p is the frequency of 
allele band present and q is frequency 
of allele band absent across the tested 
genotypes.                 

The marker index (MI) was cal-
culated for each ISSR and SRAP 
primer as MI = PIC x ηβ, where PIC 
is the mean PIC value, η the number 
of bands, and β is the proportion of 
polymorphism Powell et al. (1996). 
Analysis of variance (ANOVA) was 
conducted using the 0–1 data. The 
association analysis was conducted 
using simple linear regression. For 
this, data on individual phenotypic 
traits were regressed on whole 0-1 

binary marker data for each individ-
ual phenotypic marker using Excel 
programme. The coefficient of de-
termination (R2) was calculated as R2 
= 1- (SSE/SST), where SSE is the 
sum of squares of error and SST is 
the total sum of squares. 
Dendogram construction 

The genetic similarities among 
the studied genotypes were computed 
and UPGMA-dendogram was per-
formed according to Jaccard’s 
coefficient (Jaccard, 1908) using the 
computional package MVSP version 
3.1.  A cophenetic matrix was de-
rived from each matrix to test good-
ness of fit of the clusters by compar-
ing the matrices using Mantel test 
(Mantel, 1967). Finally, the correla-
tion between SRAP and ISSR, ISSR 
and morphological traits, SRAP and 
morphological traits and ISSR, SRAP 
and morphological traits was calcu-
lated using NTSYS-pc version 2.20 
(Rohlf, 2000). 
Results and Discussion 
SRAP markers analysis 

Twenty pairs (forward and re-
verse) SRAP primers were screened 
among sorghum genotypes and 
eleven pairs of them were polymor-
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phic. A total of 77 bands were ampli-
fied, of which 39 bands (50.65%) 
were polymorphic (Table 3). The po-
lymorphic band numbers ranged from 
1 (ME1F-EM3R) to 6 bands (ME4F-
EM10R and ME9F-EM8R).The per-
centage of polymorphism (%P) was 
between 25% and 86%, detected by 
ME2F-EM8Rand ME4F-EM10R 
primers combinations, respectively, 
with an average of 51.37%. The aver-
age number of total bands and poly-
morphic bands were 7.00 and 3.54per 
primer, respectively. The size of po-
lymorphic bands ranged from 100 bp 
ME9F-EM9R and ME9F-EM8R to 
1490 bp ME7F-EM6R. In this regard, 
Robarts and Wolfe (2014) docu-
mented an average of %P which was 
68.7% across some sorghum geno-
types. We note that the mean of %P 
in our study was in agreement with 
the results of El-Hussein et al. (2014) 
that showed an average of polymor-
phism of 48.5% detected between 33 
sorghum accessions. 

The polymorphism information 
content (PIC) index has been used 
extensively in many genetic diversity 
studies (Tatikonda et al. 2009; Thudi 
et al. 2010). The PIC value of mark-
ers indicates the usefulness of DNA 
markers for gene mapping, molecular 
breeding and germplasm evaluation 
(Peng and Lapitan, 2005). In this 
study, the PIC values for SRAP 
primer combinations varied from 0.09 
(ME2F-EM8R)to 0.36 (ME4F-
EM10R) with an average of 0.17. The 
average of PIC values of this work is 
lower than that of 0.56 which ob-
served among 142 sweet sorghum ac-
cessions (Lekgari and Dweikat, 
2014). Also El-Hussein et al. (2014) 
showed that the PIC values between 
33 sorghum accessions ranged from 
0.23 to 0.93. The SRAP primers com-
binations showed that the marker in-
dex (MI) values were from 0.12 
(ME1F-EM3R) to 2.16 (ME4F-
EM10R) with an average of 0.68 for 
the primer combinations (Table 3). 

 

Table 3. SRAP markers, total number of fragment detected by each pair of prim-
ers, %P, PIC, MI, RP and fragments sizes. 

Amplified bands Fragments size Primer 
combinations Bands 

number 
Polymorphic 

bands 

%P PIC MI 
Larger (bp) Smaller (bp) 

ME2F-EM3R 6 3 50.00 0.16 0.48 690.00 230.00 
ME7F-EM6R 5 3 60.00 0.15 0.45 1490.00 300.00 
ME4F-EM10R 7 6 86.00 0.36 2.16 700.00 150.00 
ME4F-EM6R 5 2 40.00 0.16 0.32 630.00 160.00 
ME4F-EM8R 8 3 37.50 0.17 0.51 730.00 150.00 
ME1F-EM5R 9 4 44.44 0.15 0.60 1345.00 120.00 
ME9F-EM6R 6 4 66.67 0.24 0.96 720.00 230.00 
ME9F-EM9R 11 5 45.45 0.11 0.55 720.00 100.00 
ME9F-EM8R 10 6 60.00 0.19 1.14 580.00 100.00 
ME1F-EM3R 2 1 50.00 0.12 0.12 150.00 110.00 
ME2F-EM8R 8 2 25.00 0.09 0.18 640.00 200.00 

Total 77 39 
Mean 7.00 3.54 

51.37 0.17 0.68  
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ISSR markers analysis 
ISSR technique was applied us-

ing 15 primers for amplification of 
the seven genotypes of sorghum. 
Nine primers proved their ability in 
giving polymorphic ISSR products. A 
total of 36 bands were polymorphic, 
and the %P ranged from 25 (UBC-
825 primer) to 70 (UBC-846 primer) 
with an average of 53.03% (Table 4). 
In this regard, Patil et al. (2018) men-
tioned that out of 288 scorable ISSR 
markers, 262 were polymorphic. The 
number of polymorphic bands ranged 
from 1 (UBC-825) to 7 (UBC 846) 
with an average of approximately4 
bands per primer. The bands size 
ranged from 160bp to 970bp gener-
ated by UBC-834 primer. The %P 
using ISSR in the previous studies 
was varied. In the same direction, 
Medraoui et al. (2007) reported a 
high %P of 98% among 33 sorghum 
of northwestern Morocco. Also, Ta-
her et al. (2015) documented a high 
%P (96.51%) among ten sorghum 
species. Moreover, Nada et al. (2016) 
and Patil et al. (2018) obtained %P of 
81% and 90.97%, respectively. The 
ISSR primers used in this study were 
composed of di-, tetra- and penta-
nucleotide repeat sequences. In this 
study, the di-nucleotide repeat prim-
ers showed the highest level of poly-
morphism. The UBC-849, UBC-848 
and UBC-846 primers belonged to 
(GT) and (CA) repeats primer groups 

produced 60, 66 and 70% polymor-
phism, respectively (Table 4). It is 
clear that the highest polymorphism 
level was obtained in the case of di-
nucleotide repeat primers. These re-
sults are in agreement with those ob-
tained by El-Amin and Nada (2014) 
and Khaled and Hamam (2015). 
However, Taher et al. (2015) reported 
that poly (AG)-anchored primers 
were more polymorphic and repro-
ducible than other di-nucleotides and 
tri-nucleotides motifs. Meanwhile, 
Song et al. (2002) and Sofalian et al. 
(2008) proposed, the %P values were 
higher when the motifs comprise 
three to five nucleotides in wheat 
genotypes. 

The PIC values of ISSR data are 
between 0.03 and 0.24 with an aver-
age of 0.16. The lowest and highest 
PIC indices were recorded for UBC-
825, UBC-846 and UBC-849, respec-
tively (Table 4). The average PIC 
values of ISSR primers are lower 
than those of previous studies, 0.85 
and 0.41 obtained by Chakraborty et 
al. (2011) and Taher et al. (2015). In 
addition, Najaphy et al. (2011) re-
ported that the moderate values of 
PIC for ISSR primers could be attrib-
uted to the diverse nature of geno-
types and/or highly informative ISSR 
markers. The marker index (MI) for 
ISSRs values ranged from 0.03 to 
1.68 for UBC-825 and UBC-846, re-
spectively with an average of 0.73.  
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Table 4. ISSR markers, total number of fragment detected by each primer, %P, 
PIC, MI and fragments sizes. 

Amplified bands Fragments size Primer  
name Bands number Polymorphic bands 

%P PIC MI Larger  
(bp) 

Smaller  
(bp) 

UBC-846 10 7 70.00 0.24 1.68 500 190 
UBC-815 7 3 42.86 0.10 0.30 880 320 
UBC-834-1 6 3 50.00 0.18 0.54 700 340 
UBC-849 5 3 60.00 0.24 0.72 600 250 
UBC-852 9 5 55.56 0.14 0.70 820 320 
UBC-825 4 1 25.00 0.03 0.03 620 340 
UBC-876 7 4 57.14 0.17 0.68 670 230 
UBC-848 6 4 66.67 0.17 0.68 650 250 
UBC-834 12 6 50.00 0.20 1.20 970 160 

Total 66 36 
Mean 7.33 4 53.03 0.16 0.73  

 

Single marker analysis 
The present study involved a set 

of seven sorghum genotypes, exhibit-
ing moderate to high genetic variabil-
ity for the 8 phenotypic traits in-
cluded in this work. Using simple lin-
ear regression method, a total of 39 
polymorphic SRAP molecular mark-
ers were identified; four of them were 
significantly associated with some 
studied traits.  

 The results of SMA showed 
that the SRAP markers ME4-
EM8570bpand ME4-EM6180bp were re-
garded as candidate markers linked to 
grain yield per plant and leaf area per 
plant, respectively (Table 5 and Fig-
ure 1). Moreover, the panicle length 
was positively linked (P=0.03) to the 
SRAP marker ME4-EM10510bp. 
Likely, two traits (panicle length and 
1000-Grain weight) were regressed 
significantly on one marker ME1-
EM5230bp. 

The results in Table 5 showed 
significant and highly significant re-
gressions (121.30*, P= 0.018), 
(1.75**, P=0.0006), (23.01*, 
P=0.030), (28.74**, P=0.006) and 
(25.85**, P =0.004) on GY/P, LA/P, 
PL, PL and 1000-GW, respectively. 
Similarly, Khaled and Hamam (2015) 
reported that the SRAP marker ME7-
EM6420bp was regarded as candidate 
marker linked to number of ker-
nel/spike in bread wheat. Molecular 
markers that respond most consis-
tently and to the greatest extent in 
target environment are the prime can-
didates for marker-assisted selection 
(MAS). Therefore, SRAP markers 
identified during the present study 
need to be subjected to validation 
and/or functional analysis of respec-
tive traits. In addition, we believe that 
at least one of the markers identified 
would be validated and used for 
MAS. 
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Table 5. Analysis of variance (ANOVA) involving simple linear regression (R2) for 
traits using 39 SRAP polymorphic bands. 

Marker Traits S.V df SS MS R2 P- value 
Genotypes 1 121.30 121.30* 
Error 5 50.28 10.06 ME4-EM8570bp GY/P 
Total 6 171.58  

70.70 0.018 

Genotypes 1 1.75 1.75** 
Error 5 0.15 0.029 ME4-EM6180bp LA/P 
Total 6 1.90  

92.11 0.0006 

Genotypes 1 23.01 23.01* 
Error 5 12.81 2.56 ME4-EM10510bp PL 
Total 6 35.82  

64.24 0.030 

Genotypes 1 28.74 28.74** 
Error 5 7.08 1.42 PL 
Total 6 35.82  

80.23 0.006 

Genotypes 1 25.85 25.85** 
Error 5 5.16 1.03 

ME1-EM5230bp 

1000-GW 
Total 6 31.02  

83.37 0.004 

 

 
 

Figure 1. SRAP gel profile showed molecular markers identified in this study. 
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Thirty six polymorphic ISSR 

molecular markers were screened us-
ing single marker analysis method; 
two of these markers were signifi-
cantly associated with 4 sorghum 
traits. Results in Table 6 showed that 
the ISSR marker UBC-834-1650bp was 
regarded probably as a candidate 
marker which linked to leaf area per 
plant, panicle length and 1000-Grain 
weight. Moreover, UBC-834-1700bp 
(Figure2) was regarded may be as a 
candidate marker which linked to 
number of green leaves. 

The results revealed significant 
and highly significant regression 
(1.27*, P=0.024), (28.74**, p = 
0.006), (25.85**, p = 0.004) and 
(2.82**, p = 0.0003) on leaf area per 
plant, panicle length, 1000-Grain 
weight and number of green leaves, 
respectively. Similarly, Khaled and 
Hamam (2015) reported that the 
ISSRs markers; UBC-808780bp and 

(UBC-808700bp, UBC-811870bp, UBC-
819980bp, UBC-8451035bp, UBC-
8801650bp), were regarded as candidate 
markers, linked to the days to heading 
and spike length per plant in bread 
wheat. In the same trend, Khaled et 
al. (2015) recorded that UBC-811850bp 
and UBC-881450bp were regarded 
probably as candidate markers which 
were linked to spike length and yield 
traits, respectively. Moreover, results 
obtained by Motawea et al. (2015) in 
bread wheat showed that two markers 
(UBC-811775bp and UBC-8401530bp) 
were identified for the character viz., 
1000-kernal weight trait and two 
markers UBC-811775bp and UBC-
840535bp were identified for plant 
height. The ISSR and SRAP markers 
identified during the present study 
need to be subjected to validation 
and/or functional analysis of respec-
tive traits. 

 
Table 6. Analysis of variance (ANOVA) involving simple linear regression (R2) for 

traits using 36 ISSR polymorphic bands. 
Marker Traits S.V df SS MS R2 P- value 

Genotypes 1 1.27 1.27* 
Error 5 0.63 0.13 LA/P 
Total 6 1.90   

66.74 0.024 

Genotypes 1 28.74 28.74** 
Error 5 7.08 1.42 PL 
Total 6 35.82   

80.23 0.006 

Genotypes 1 25.85 25.85** 
Error 5 5.16 1.03 

UBC-834-1650bp 

1000-
GW Total 6 31.02   

83.37 0.004 

Genotypes 1 2.82 2.82** 
Error 5 0.17 0.03 UBC-834-1700bp No.GL 
Total 6 3.00   

94.33 0.0003 
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Figure 2. ISSR gel profile showed two molecular markers identified in this study. 
 
Cluster analysis 

A cluster analysis realized using 
Jaccard's coefficient for the data of 
SRAP molecular marker, revealed 
similarity values ranged from 68.5 % 
(between T1 and L1) to 84.7% (be-
tween T3 and L2) with an average of 
76.6 % (Table 7 below diagonal). The 
UPGMA cluster analysis based on the 
SRAP markers separated the studied 
sorghum parental genotypes into two 
significantly different clusters. The 
first cluster was with parental geno-
types T1 and T2 at 80.6% similarity 
coefficient percent, which branched 
at similarity percent of 73.4% with 
the second cluster and sub-divided 
into two sub clusters (Figure 3). The 
first sub-cluster contains genotypes 
L3 and L4, while the second sub-
cluster contains genotypes L1, L2 and 
T3.   

The cluster analysis of ISSR 
data showed that the percent of simi-
larity using Jaccard's coefficient 
ranged from 62.7% (between L1 and 
L3) to 88.2% (between T2 and T3) 
with an average of 75.5% (Table 7 

above diagonal). The dendogram of 
ISSR markers gathered the sorghum 
parental genotypes into two clusters, 
which separated at 67.2% percent of 
similarity. The first big cluster con-
tains six genotypes. The genotype L3 
was placed alone on the second clus-
ter. The first big cluster sub-divided 
into three sub-clusters with genotypes 
T1, T2, T3, L2, L1 and L4 (Figure 4).  

Based on the means of morpho-
agronomical traits (data not shown), 
the cluster analysis revealed similar-
ity coefficient values ranged from 
87.84% (between T3 and L4) to 
97.82% (between L2 and L3) with an 
average of 92.83% (Table 8). The 
dendogram divided the sorghum pa-
rental genotypes into two different 
clusters which separated at 90.95% 
(Figure 5). The first cluster sub-
divided into three sub-clusters con-
tains five genotypes T1, L4, L1, L2 and 
L3.The second cluster was with paren-
tal genotypes T3 and T2 at 96.10% 
similarity percent, which branched at 
similarity percent of 90.95% with the 
first cluster.  
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Table 7. Similarity matrix for the seven sorghum parental genotypes according to 
Jaccard's coefficient obtained from 77 SRAP (below diagonal) and 66 ISSR 
(above diagonal) fragments.  

G T1 T2 T3 L1 L2 L3 L4 
T1 1.000 0.745 0.811 0.714 0.724 0.655 0.684 
T2 0.806 1.000 0.882 0.778 0.754 0.655 0.745 
T3 0.806 0.754 1.000 0.778 0.818 0.684 0.778 
L1 0.685 0.685 0.808 1.000 0.724 0.627 0.811 
L2 0.722 0.722 0.847 0.824 1.000 0.724 0.786 
L3 0.761 0.712 0.763 0.744 0.803 1.000 0.684 
L4 0.757 0.732 0.737 0.787 0.800 0.838 1.000 

 

Table 8. Similarity matrix among studied sorghum parental genotypes using eight 
morpho-agronomic traits. 

G T1 T2 T3 L1 L2 L3 L4 
T1 100.00       
T2 93.23 100.00      
T3 90.69 96.10 100.00     
L1 93.91 93.12 92.06 100.00    
L2 94.89 90.90 89.90 97.38 100.00   
L3 95.90 91.18 89.98 95.52 97.82 100.00  
L4 96.67 90.56 87.84 93.19 94.90 96.57 100.00 
 
 

Figure 3. Dendogram of genetic similarities using SRAP data based on Jaccard's coeffi-
cient for studied sorghum genotypes.   
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Figure 4. Dendogram of genetic similarities using ISSR data based on Jaccard's coeffi-
cient for studied sorghum genotypes. 

 Figure 5. Dendogram of genetic similarities for studied sorghum genotypes using the 
means of morpho-agronomical traits. 

 
Combined molecular markers and 
morphological markers 

The correlation (r) and the Man-
tel test statistic (Z) were calculated to 
measure the degree of relationship 
between the similarity matrices ob-
tained with SRAP and ISSR data. Re-
sults showed that the correlation was 

positive but insignificant (r = 0.21, 
P� 0.05). The main reason for the 
difference between SRAP and ISSR 
results is that the two marker tech-
niques targeted different parts of the 
genome. The Mantel test revealed, 
there was positive and insignificant 
correlation between the genetic simi-
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larities based on phenotypic data and 
SRAP marker, (r = 0.19, P>0.05). 
Furthermore, correlation between the 
genetic similarities based on pheno-
typic data and ISSR marker was cal-
culated. The Mantel test revealed, 
there was negative and non-
significant correlation (r = - 0.26, 
P>0.05). In addition, correlation be-
tween the two similarity matrices 
generated by the data of morphologi-
cal traits and molecular markers was 
calculated. The Mantel test showed, 
there was positive and insignificant 
correlation between the genetic simi-
larities based on phenotypic data and 
the similarity data based on SRAP 
and ISSR markers, (r = 0.26, 
P>0.05). Roldan-Ruiz et al. (2001) 
found negative correlation (-0.06) in 
perennial ryegrass varieties. Pandey 
et al. (2008) showed that DNA mark-
ers are preferable to morphological 
ones because the relate variability di-
rectly at genetic level and provide re-
liable and enormous data that permit 
a reproducible estimate of genetic di-
versity in the germplasm. 

Finally, the optimal strategies of 
the breeding system require extensive 
knowledge of the breeding materials 
employed. Results presented here will 
be useful to understand the current 
status of genetic diversity between 
sorghum genotypes. Genetic markers 
like SRAPs and ISSRs may accu-
rately assay the degree of genetic 
change between two genomes, but 
they may not necessarily reflect the 
divergence in terms of changes in 
traits of agronomic importance. 
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 والصفات الظاهرية فى بعض التراكيب ISSR و SRAPالعلاقة بين الواسمات الجزيئية 
  الوراثيه من الذرة الرفيعة

  هدير سرحان عبدالغنى عبدالعزيز، جلال أحمد رزق الشربينى و عبدالصبور جمال عبدالصبور خالد 

   جامعة سوهاج– كلية الزراعه -قسم الوراثة 

  : الملخص
 علـى  هذه الدراسة    إجريتقة بين التركيب الوراثى وشكله الظاهرى،       لكى نفهم جيدا العلا   

 ٣٩( واسم جزيئى متعـدد الاشـكال        ٧٥تحليل  راكيب وراثية من الذرة الرفيعة حيث تم        سبعة ت 
لقد أظهرت النتائج أن متوسط نسبة تعـدد        ). ISSR واسم من الـ     ٣٦ و   SRAPواسم من الـ    

 ٠,١٦ و ٠,١٧ كـان  PICو الــ  % ٥٣,٠٣و  % ٥١,٣٧الاشكال بين التراكيب الوراثيه كان      
. ، على التـوالى ISSR و SRAP للواسمين   ٠,٧٣ و   ٠,٦٨كان   MIبينما دليل الواسم الجزيئى     

 تحـت   UBC-846( ثنائية النيكليوتيدات المتكـررة      ISSRومن الواضح أن البادئات من النوع       
كما أظهرت نتـائج  %. ٧٠وصلت إلى  أشكال، التى   أعلى نسبة تعدد   عطىي) CAالنوع المتكرر   

 أعلى نسبة تعدد أشـكال  عطيا أME4F-EM10R أن البادئين SRAPالواسم الجزيئ من النوع  
 أظهرا النسبة الاقل مـن تعـدد الأشـكال          ME2F-EM8R، لكن و فى المقابل البادئين       %٨٦
 ـ SRAP واسمات من النـوع      ٤ أظهر وجود    SMAتحليل الواسم الجزيئ المفرد     %. ٢٥ ى  الت

ومـن  .  حبه ومحصول الحبوب   ١٠٠٠ربما ترتبط بصفات مساحة الورقة وطول الكوز و وزن          
من المحتمـل  UBC-834.1700bp  و UBC-834.1650bp وجد أن الواسمينISSRواسمات الـ 

 حبـه وكـذلك عـدد الاوراق        ١٠٠٠أنهما يرتبطان بصفات مساحة الورقة وطول الكوز ووزن       
 و  SRAPقـودى علـى أسـاس الواسـمات الجزيئـة           كمـا أظهـر التحليـل العن      . الخضراء

ISSR             ومتوسطات الصفات محل الدراسه أن قيم معامل التشابه بين التراكيب الوراثية المختلفـة
كما أظهر تحليل الإرتبـاط بـين الواسـمات    . ، على التوالى٠,٨٨٢ و  ٠,٦٢٨ و   ٠,٦٨٥كانت  

  .الجزيئية أن معامل الإرتباط كان إيجابيا لكنه غير معنوى

 

 


