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ABSTRACT 
Ten double haploid (DH) genotypes and five varieties of bread wheat were grown in high salinity soil and then germinated in Petri dishes 
under different NaCl concentrations. Five DH genotypes and two varieties (Giza 168 and Sakha 93) that were characterized by their high 
salinity tolerance were selected to use as sources of mature embryos to produce calli. the growing calli were transferred to callus culture 
medium and salinized with NaCl to a final concentration of 0, 0.9 or 1.2%. Two of the five selected DH genotypes and the two wheat 
varieties successfully induced calli under salinity stress. RAPD analysis using three random primers showed that 19 of 34 total amplified 
fragments were polymorphic with 58.3% polymorphism under 0.9 and 1.2% Nacl, whereas 66.7% polymorphism using primer B-08 was 
higher than that observed for the other two primers, B-05 and B-11 (61.5 and 46.7%, respectively). The four wheat genotypes revealed 11 
specific markers for salinity tolerance with 38.5% polymorphism. ISSR analysis using four different primers for salinity tolerance 
revealed 31 polymorphic fragments with 58.4% polymorphism from a total of 56 amplified fragments under salinity stress. The four 
wheat genotypes revealed 22 specific markers for salinity tolerance with 41% polymorphism, whereas Sakha 93 and DH-1 had the highest 
number of salinity-stress specific markers at both NaCl concentrations. RAPD and ISSR techniques are useful methods to detect specific 
markers for salinity tolerance and could be used in marker-assisted selection (MAS) of wheat breeding programs to predict the most 
tolerant genotypes. 
_____________________________________________________________________________________________________________ 
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INTRODUCTION 
 
Soil salinity is one of the major abiotic stresses reducing 
agricultural productivity. The levels of salt that negatively 
affect plant growth affect large areas of the world. It is es-
timated that more than a third of all of the irrigated land in 
the world is presently affected by salinity. This is exclu-
sively in regions classified as arid and desert lands, which 
comprise 25% of the total land of our planet. The loss of 
arable farmland due to salinization is directly in conflict 
with the needs of the world population which is projected to 
increase by 1.5 billion in the next 20 years (Blumwald et al. 
2004). Therefore, increasing the yield of crop plants in opti-
mal soils and in less productive lands, including salinized 
lands, is essential for feeding the world (Flowers et al. 
2000). One way of increasing productivity in stressful envi-
ronments is to breed crops more tolerant to stress. However, 
success in breeding for tolerance has been limited because 
tolerance to stress is controlled by many genes and their 
simultaneous selection is difficult (Flowers et al. 2004), 
complexity of the several tolerance mechanisms involved, 
tremendous effort is required to eliminate undesirable genes 
that are also incorporated during breeding (Richards 1996) 
and there is a lack of efficient selection procedures particu-
larly under field conditions (Ribaut et al. 1997). 

DNA molecular markers based on PCR such as random 
amplified polymorphic DNA (RAPD) and inter simple se-
quence repeats (ISSRs) have become excellent tools for 
plant breeders (Lima-Brito et al. 2006). In contrast to RAPD 
amplification, the ISSR markers are more feasible and 
reproducible, and the distribution of ISSRs in the eukaryotic 
genome makes them highly informative (Bornet et al. 2002). 
Reddy et al. (2002) confirmed that ISSR is a simple, cost-
efficient, robust, multilocus marker method which is ex-
tremely useful in determining genetic variability. 

RAPD and ISSR markers have proved to be the most 
polymorphic markers in wheat and hence are highly useful 
markers for various applications in wheat (Roder et al. 
1998). Apart from using them in diversity analysis, ISSR 
markers have been shown to be associated with various 
agronomically important traits such as leaf rust resistance 
(Feuillet et al. 1995), pre-harvest sprouting tolerance (Roy 
et al. 1999), protein content (Prasad et al. 1999), kernel 
traits (Campbell et al. 1999) and seed size in wheat (Ammi 
Raju et al. 2001). RAPD markers have also shown to be as-
sociated with various traits contributing to kernel hardness 
in bread wheat (Galande et al. 2001). Molecular markers 
can be used for selection of linked traits of agronomic im-
portance which would increase the efficiency and precision 
of breeding and thus molecular breeding will become a 
common agricultural practice in coming years. The aim of 
the present study was to develop RAPD and ISSR markers 
associated with salt tolerance in calli of bread wheat geno-
types. 

 
MATERIALS AND METHODS 
 
Plant material 
 
Hexaploid bread wheat (Triticum aestivum L.) materials used in 
this study were comprised of 10 double haploid (DH) genotypes 
(DH-1 through DH-10) that were kindly provided by Dr. Tarek 
Hewezi from Laboratoire de Biotechnologie et d’Amélioration des 
Plantes (BAP), Castanet Tolosan, France and five varieties (Giza 
157, Giza 168, Sakha 93, Sakha 8, Sids 1) provided by the Agri-
cultural Research Center, Giza, Egypt. 
 
Selection of salinity-tolerant wheat genotypes 
 
Wheat materials were grown in high salinity soil with 8.35 EC ds 
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m-1 and under ground saline water with 4000 to 6000 ppm soluble 
salts at the Experimental Station of the National Research Center, 
El-kalyobia governorate from November 2006 through March 
2007. The row length was 2.5 m and rows were 30 cm apart with 
hills spaced at 10 cm allowing a total of 25 plants/row. The wheat 
genotypes were then germinated in Petri dishes on Whatman paper 
in the lab under different NaCl concentrations (0, 0.9, 1.2, 1.5, 2.0 
and 2.5%) for two weeks under a 16/8 h light/dark photoperiod, in 
order to determine the appropriate concentrations of NaCl and to 
verify the most salinity-tolerant genotypes, which will be used in 
callus induction and plant regeneration. From former field and lab 
experiments, five of ten DH genotypes i.e., DH-1 to DH-5 and two 
of five wheat varieties (Giza 168 and Sakha 93) that were charac-
terized by their high salinity tolerance were selected to use as sour-
ces of mature embryos. 
 
In vitro selection of salinity-tolerant cell lines 
 
mature seeds were harvested from main spikes, surface-sterilized 
in 70% (v/v) ethanol for 10 min and in commercial bleach (5% so-
dium hypochlorite) for 20 min and then washed several times in 
sterile distilled water. They were aseptically excised from the cary-
opsis and placed with the scutellum upwards on solid agar medium 
in sterile Petri dishes for 14 days at 26 ± 1°C in continuous dark-
ness. According to Birsin et al. (2001) and Rashid et al. (2002), 
the agar medium contained Murashige and Skoog (1962) (MS) 
mineral salts, 30 g/l sucrose, 2 mg/l 2,4-D and 7 g/l agar (Phyto-
Tech. Laboratores, USA). The media was adjusted to pH 5.8 and 
autoclaved for 20 min at 121°C at 1.1 kg/cm2. After callus induc-
tion, calli were subcultured at four-week intervals on fresh MS 
medium. The growing calli were transferred to callus culture me-
dium and salinized with NaCl at final concentrations of 0, 0.9 and 
1.2% (w/w). The calli were maintained on their respective treat-
ments for two subcultures (4 weeks each) and incubated in dark-
ness at 24°C. Two of the five selected double haploid genotypes 
and the two wheat varieties successfully induced calli (Fig. 1) 
under salinity stresses. 
 
DNA extraction, RAPD and ISSR 
 
DNA extraction using CTAB method was performed from the calli 
of four wheat genotypes according to Doyle and Doyle (1987). 
RAPD analysis was performed using three 10-mer random primers 
(Metabion, Martinsried, Germany) and ISSR primers were pro-

cured from Integrated DNA Technologies Inc. (San Diego, CA, 
USA) based on core repeats anchored at the 5� or 3� end as shown 
in Table 1. 

Amplification reactions for RAPD and ISSR analyses were 
used in a final volume of 25 μl containing 10X PCR buffer (50 
mM KCl, 10 mM Tris-HCl, 1.5 mM MgCl2, pH 9.0), 2 mM 
dNTPs, 10 mM primer, 50 ng of template DNA and 0.5 U of Taq 
polymerase (Promega, USA). Reactions were performed in a ther-
mocycler (Biometra, GMBH). RAPD-PCR was performed accor-
ding to Williams et al. (1990) as one cycle of 94°C for 2.5 min 
(denaturation), 30 cycles of {94°C for 1 min, 37°C for 1 min and 
72°C for 1 min (annealing)} and a final extension of 10 min at 
72°C. ISSR amplification was performed according to Zietkiewiez 
(1994) with an initial denaturation of 2 min at 94°C, followed by 
40 cycles of 94°C for 30 sec, annealing at 52°C for 45 sec, exten-
sion at 72°C for 2 min and a final extension at 72°C for 7 min. 
PCR products were analyzed using 1.2% agarose gel electropho-
resis and visualized with 10 �g/�l ethidium bromide staining. The 
sizes of the fragments were estimated based on a DNA ladder of 
100 to 2000 bp (MBI, Fermentas). 
 
RESULTS AND DISCUSSION 
 
The results of callus induction and in vitro selection of sali-
nity-tolerant genotypes were previously reported by Abdel-
samad et al. (2007). 
 
RAPD markers for salinity tolerance in wheat 
genotypes 
 
A total of 34 scorable amplified DNA fragments ranging in 
size from 80 to 2000 base pairs were observed using the 
three primers: B-05, B-08 and B-11 whereas 19 fragments 
were polymorphic and the other amplified fragments were 
commonly detected among the four wheat genotypes at 0.9 
and 1.2% NaCl. The three primers showed 58.3% mean 
polymorphism whereas the polymorphism of primer B-08 
was higher (66.6%) than the other two primers B-05 and B-
11 (61.5 and 46.7%, respectively) (Table 2). 

Primer B-05 revealed 13 fragments with sizes ranged 
from 80 to 1200 bp (Fig. 2, Table 2), whereas eight frag-
ments were polymorphic and the residual five fragments 
with molecular sizes 900, 800, 700, 500 and 180 bp regu-
larly appeared among the four wheat genotypes at different 
NaCl concentrations. 

Wheat genotypes treated with 0.9 and 1.2% NaCl ex-
posed two induced amplified bands with 920 and 550 bp at 
each or at both of the two NaCl concentrations, which did 
not exist in the controls. For instance, the two induced 
bands were displayed at 0.9 and 1.2% NaCl in DH-2 and 
DH-1, respectively but were displayed at each of the two 
NaCl concentrations among the two other genotypes, 
whereas the 920 bp band was detected in Sakha 93 at 0.9% 
NaCl and the 550 bp band was identified in Giza 168 at 
1.2% NaCl. primer B-08 revealed lower fragment numbers 
than the other two primers, where six fragments were detec-
ted with sizes ranging from 700 to 120 bp (Fig. 2, Table 2). 
Among them, four were polymorphic and the other two 
fragments with molecular sizes 290 and 120 bp were not 
affected by the two NaCl concentrations. Three of the four 
genotypes displayed one fragment with different molecular 
sizes at both NaCl concentrations. The 700 bp fragment was 

Control                     0.9% NaCl 1.2% NaCl

DH-1

DH-2

Sakha 93 

Giza 168 

Control                     0.9% NaCl 1.2% NaCl

DH-1

DH-2

Sakha 93 

Giza 168 

Fig. 1 Callus induction from mature seeds of four wheat genotypes 
under different NaCl concentrations (0, 0.9 and 1.2%). 

Table 1 Names and sequences of RAPD and ISSR primers used for PCR 
analyses. 
Primers Name Sequences 

B-05 5�-TGC GCC CTT C-�3 
B-08 5�-GTC CAC ACG G-�3 

RAPD 

B-11 5�-GTA GAC CCG T-�3 
17899-A (CA)6 AG 
814-B (CT)8 G 
HB-14 (CTC)3 GC 

ISSR 

HB-15 (GTG)3 G 
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displayed in DH-1, the 420 bp fragment in Giza 168 and the 
200 bp fragment in Sakha 93 while two fragments, 700 and 
another unique 550 bp band appeared in DH-2 at 1.2% 
NaCl. Primer B-11 revealed 15 fragments with sizes ran-
ging from 80 to 2000 bp (Fig. 2, Table 2) whereas seven 
fragments were polymorphic and the other eight fragments 
were not affected by the NaCl treatments and frequently ap-
peared in the four wheat genotypes. RAPD analysis shows 
some amplified fragments that were newly synthesized due 
to different salinity stresses and that did not exist in the con-
trol. For example, one amplified 1500 bp band was induced 
at 0.9% NaCl in DH-1, and the same band induced at 1.2% 
NaCl in Giza 168 while four bands (2000, 1400, 600, and 
150 bp) were induced at both 0.9 and 1.2% NaCl. In con-
trast, the 600 bp fragment appeared in all four wheat geno-
types; the 2000 bp fragment appeared in DH-1 and DH-2. 
However, the 1400 and 150 bp fragments were observed in 
DH-1 and in Sakha 93, respectively (Table 2). 

Among the 34 amplified bands, 19 were 58.3% poly-
morphic and among them 11 bands were specific markers 
for salinity tolerance either at 0.9 or at 1.2% NaCl with a 
total average percentage polymorphism of 38.5%. It is inter-
esting to note that the four wheat genotypes varied consi-
derably in their salinity tolerant markers using the three pri-
mers, whereas DH-1 revealed the highest number with six 
markers at 0.9% and five at 1.2% Nacl, followed by Sakha 
93 with four markers at 0.9% Nacl and DH-2 with five mar-
kers at 1.2% Nacl. However, Giza 168 showed two marker 
bands at 0.9% and four at 1.2% NaCl. In addition, DH-1 
and DH-2 revealed the highest total number of marker 
bands at both NaCl concentrations with 11 and eight mar-
kers, respectively followed by Sakha 93 with a total of 
seven markers and Giza 168 with six (Table 4). 

RAPD analysis was used to detect molecular markers 
for salt tolerance in different plant species. For example, in 
tomato, Foolad and Chen (1998) identified RAPD markers 
associated with quantitative trait loci (QTLs) conferring salt 
tolerance during germination. Lee et al. (2003) identified 
two RAPD markers in salt-tolerant rice lines and the trans-

cript involved in the marker showed a higher expression in 
the salt-tolerant lines than the sensitive lines. Rao et al. 
(2007) identified distinct RAPD patterns for salinity toler-
ance with the presence of specific amplified products in 
some sorghum accessions. The results obtained from RAPD 
analysis in the present study are in agreement with those of 
Iqbal et al. (2007), who emphasized that RAPD analysis 
provides a rich source of markers for use in wheat improve-
ment and can be used for characterizing and grouping wheat 
genotypes, which will be helpful in wheat breeding prog-
rams. 
 
ISSR markers for salinity tolerance in wheat 
genotypes 
 
A total of 56 amplified fragments ranging in size from 60 to 
2310 bp were observed using the four ISSR primers 
(17899-A, 814-B, HB-14 and HB-15) whereas 31 fragments 
were polymorphic and the other amplified fragments were 
commonly detected among the four wheat genotypes under 
different salinity stresses (Table 3). The four ISSR primers 
exhibited a mean polymorphic percentage of 58.4%, where-
as the polymorphic percentage of primer 814-B was higher 
(81.8%) than the other three primers (HB-14, 17899-A and 
HB-15): 66.7, 50 and 35%, respectively. 

The primer 17899-A pattern revealed 10 fragments with 
molecular sizes ranging from 60 to 950 bp (Fig. 3) whereas 
five fragments were polymorphic and the other five were 
common among the four wheat genotypes (Table 3). The 
four wheat genotypes treated with 0.9 and 1.2% NaCl re-
vealed four distinct induced amplified bands either at high 
NaCl concentration or at both NaCl concentrations, which 
did not exist in the controls. For example, Giza 168 ex-
hibited a 275 bp band at 1.2% NaCl while the other three 
genotypes showed four fragments at 0.9 and 1.2% NaCl. 
Sakha 93 showed two bands (950 and 890 bp), DH-1 re-
vealed two bands (890 and 275 bp) and DH-2 showed one 
amplified band (500 bp). 

The results of ISSR analysis using primer 814-B showed 

Table 2 RAPD analysis of variable (polymorphic) bands for four wheat genotypes under 0, 0.9 and 1.2% NaCl using three random primers (B-05, B-08 
and B-11). 

Giza 168 Sakha 93 DH-1 DH-2 Primer name *P% Bs (bp) 
0 0.9 1.2 0 0.9 1.2 0 0.9 1.2 0 0.9 1.2 

1200       +      
950 + +  + + + +      
920 + +   +      + + 
550   +     + + + + + 
400 + + + + + + +   + + + 
300 + +  + + + + + + + + + 
250 + + + + + + + +  + + + 

61.5 

80    + + + +   + + + 

B-05 

Variable bands = 8 
Total = 13 

5 
10 

5 
10 

3 
8 

5 
10 

6 
11 

5 
10 

6 
11 

3 
8 

2 
7 

5 
10 

6 
11 

6 
11 

700    + + +  + +   + 
550    + +  +     + 
420  + + + + + + + + + + + 

66.7 

200 + + +  + + + +     

B-08 

Variable bands = 4 
Total = 6 

1 
3 

2 
4 

2 
4 

3 
5 

4 
6 

3 
5 

3 
5 

3 
5 

2 
4 

1 
3 

1 
3 

3 
5 

2000 + + + + + +  + +  + + 
1500   +     +  + + + 
1400 + + + + +   + + + + + 
600  + +  + +  + +  + + 
470 + +  + +  + + + + +  
150     + + + + +    

46.7 

80 + + + + + + + + + + +  

B-11 

Variable bands = 7 
Total = 15 

4 
12 

5 
13 

5 
13 

4 
12 

6 
14 

4 
12 

3 
11 

7 
15 

6 
14 

4 
12 

6 
14 

4 
12 

Total variable bands = 19 
Overall total bands = 34 Mean polymorphic percentage of the three primers = 58.3* 

+ = Present of amplified bands, Bs = Molecular size by base pair, P% = Polymorphic percentage, Total = Total number of amplified bands. 
* (61.5 + 66.7 + 46.7 = 174.9), then Average = 174.9/3 = 58.3% 
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11 amplified fragments with molecular sizes ranging from 
110 to 1400 bp (Fig. 3, Table 3), whereas nine fragments 
were polymorphic and the residual two fragments ordinary 
appeared among the four wheat genotypes under all NaCl 
concentrations. Five induced amplified bands that did not 
exist in the control were displayed in all four genotypes. for 
instance, in giza 168 two of the three induced bands (600 
and 320 bp) appeared only at 1.2% NaCl while one band 
(850 bp) appeared at 0.9 and 1.2% NaCl and disappeared in 
the control. In Sakha 93, three bands (800, 600 and 320 bp) 
appeared at 0.9 and 1.2% NaCl and disappeared in the con-
trol. DH-1 and DH-2 produced two bands at both NaCl con-
centrations whereas DH-1 displayed 700 and 320 bp bands 
at 0.9% NaCl while DH-2 showed one of the two induced 
bands at 1.2% NaCl and the other band at 0.9 and 1.2% 
NaCl (Table 3). 

Primer HB-14 revealed 15 fragments with molecular 
sizes ranging from 80 to 2310 bp (Fig. 2). Ten fragments 
were polymorphic with 66.7% polymorphism while the 
other residual five fragments were commonly detected 
among the four wheat genotypes under different NaCl con-
centrations (Table 3). Among the 10 polymorphic frag-
ments, eight were induced under different NaCl concentra-
tions while four bands were affected by salinity stress and 

consequently disappeared either at the low or high NaCl 
concentrations. The four genotypes were characterized 
based on the induced bands which emerged at different 
NaCl concentrations whereas DH-1 was characterized by 
four induced amplified bands, three of them which were 
unique (2310, 1300 and 1130 bp). DH-2 was characterized 
by three induced amplified bands, one of them which was 
unique (170 bp) while Sakha 93 was characterized by two 
induced bands, one of them unique (950 bp) while Giza 168 
was characterized by two induced bands (700 and 200 bp). 

ISSR analysis using primer HB-15 showed the highest 
numbers of amplified fragments compared with the other 
three ISSR primers. Primer HB-15 revealed 20 detectable 
amplified fragments with molecular sizes ranging from 120 
to 2000 bp (Fig. 3, Table 3). Seven fragments were poly-
morphic and the residual 13 fragments ordinarily appeared 
among the four wheat genotypes under all three NaCl con-
centrations. Five induced bands were displayed among the 
four genotypes under salinity stress that had not existed in 
the control. for instance, at both 0.9 and 1.2% NaCl, Giza 
168 and DH-2 showed two induced bands with different 
molecular sizes in each genotype; Giza 168 showed two 
unique bands (2000 and 700 bp) while DH-2 showed two 
unique bands (1060 and 210 bp). DH-1 showed one band 

1            2           3             4           5           6 7           8           9           10         11         12    M

5000
4000
3500
3000
2500
2000
1500
1200
1000

900
800
700
600
500
400
300
200
100

5000
4000
3500
3000
2500
2000
1500
1200
1000

900
800
700
600
500
400
300
200
100

1500

1000
900
800
700
600
500
400
300
200
100

Fig. 2 RAPD amplified products of the calli for four wheat genotypes. Giza 168, Sakha 93, DH-1 and DH-2 at 0, 0.9 and 1.2% NaCl using three 
random primers: B-05 (A), B-08 (B) and B-11 (C). 

 

A 

B 

C 

55



RAPD and ISSR markers for salt tolerance in bread wheat. El-Sayed and Ibrahim 

 

(700 bp) at 0.9 and 1.2% NaCl. However, Sakha 93 dis-
played two unique induced bands with 520 and 210 bp only 
at 0.9% NaCl. 

Among the 31 polymorphic bands, 22 were newly in-
duced and considered as markers for salinity tolerance 
either at 0.9 or at 1.2% NaCl with 41% percentage polymor-
phism (Table 4). The four wheat genotypes varied consider-
ably in their salt tolerance markers, whereas at 0.9% NaCl 
Sakha 93 revealed the highest number (nine) of markers, 
followed by DH-1 with seven, while both Giza 168 and 
DH-2 revealed four salinity markers. Moreover, at 1.2% 
NaCl, Giza 168 and DH-2, which displayed fewer markers 
at 0.9% revealed the highest number (eight marker bands), 
followed by DH-1 with 7 markers and then Sakha 93 with 
six (Table 4). On the other hand, ISSR primer HB-14 
showed the highest marker percentage (53.3%), followed by 
primers 814-B and 17899-A with 45.5 and 40%, respec-
tively while primer HB-15 displayed the lowest salinity 
marker percentage with 35% compared with the other three 
ISSR primers, as shown in Table 4. 

ISSRs have been used for detection of polymorphism 
(Nagaoka and Ogihara 1997) and in genetic mapping of 
wheat (Kojima et al. 1998). They have been used to study 
genetic diversity and phylogenetic relationships (Qian et al. 
2001), for DNA fingerprinting (Carvalho et al. 2005) and to 

identify markers associated with yellow berry tolerance in 
wheat (AmmiRaju et al. 2001). Segregation for salinity 
tolerance and ISSR markers based molecular polymorphism 
were investigated by (Kaushik et al. 2003) in the F3 plants 
raised from a cross between salt-tolerant indica rice variety 
CSR10 and salt-susceptible Basmati rice variety Basmati 
HBC19. Four ISSR amplified bands were presented in only 
some of the CSR10 × HBC19 F3 plants and such polymor-
phic bands stand greater chances of having a linkage with 
the genes/QTLs for salinity tolerance. Moreover, ISSR mar-
kers associated with salt tolerance in wheat (Lang et al. 
2001) and drought tolerance in rice (Fahmy et al. 2007). In 
addition, the results in the present study confirmed that 
ISSR was the most useful method to detect molecular mar-
kers for salinity tolerance in wheat. This was confirmed by 
Hou et al. (2005) who studied the genetic diversity in barley 
from west China and reported that the ISSR markers were 
superior to RAPD markers in the capacity of revealing more 
informative bands in a single amplification. Similar ISSR 
results were detected in barley by Fernández et al. (2002) 
and Tanyolac (2003). 
 
 
 
 

Table 3 ISSR analysis of the variable (polymorphic) bands for four wheat genotypes at 0, 0.9 and 1.2% NaCl using four ISSR primers (17899-A, 814-B, 
HB-14 and HB-15). 

Giza 168 Sakha 93 DH-1 DH-2 ISSR primers P% Bs (bp) 
0 0.9 1.2 0 0.9 1.2 0 0.9 1.2 0 0.9 1.2 

950     + + +   + +  
890 + + +  + +  + +    
680 + + + + + + +      
500           + + 

50 

275   + + + +  + + + + + 

17899-A 

Variable bands = 5 
Total = 10 

2 
7 

2 
7 

3 
8 

2 
7 

4 
9 

4 
9 

2 
7 

2 
7 

2 
7 

2 
7 

3 
8 

2 
7 

1400    + +     +   
1000    + +     + + + 
850  + + + + + + + + + + + 
800     + +      + 
700        +     
600   +  + +    + +  
320   +  + +  +   + + 
190 + + + + + + + +  + + + 

81.8 

110 + + + + + + +   + + + 

814-B 

Variable bands = 9 
Total = 11 

2 
4 

3 
5 

5 
7 

5 
7 

8 
10 

6 
8 

3 
5 

4 
6 

1 
3 

6 
8 

6 
8 

6 
8 

2310        +     
1650 +   + + + + + + + + + 
1300 + + + + +   + + + + + 
1130 + + +      + + + + 
950     + + + + + + + + 
850 + +  +   + + + + + + 
700  + + + + + + + +   + 
400     + +   + + + + 
200   +    +     + 

66.7 

170            + 

HB-14 

Variable bands = 10 
Total = 15 

4 
9 

4 
9 

4 
9 

4 
9 

5 
10 

4 
9 

5 
10 

6 
11 

7 
12 

6 
11 

6 
11 

9 
14 

2000  + + +         
1300 + + + +   + +  + +  
1270 + + + + +  + +  + +  
1060 + + + + +  + + +  + + 
700  + + + + +  + + + + + 
520 +    +  +   +   

35 

210 + + +  +  +    + + 

HB-15 

Variable bands = 7 
Total = 20 

5 
18 

6 
19 

6 
19 

5 
18 

5 
18 

1 
14 

5 
18 

4 
17 

2 
15 

4 
17 

5 
18 

3 
16 

Total variable bands = 31 
Overall total bands = 56 Mean polymorphic percentage of the primers = 58.4%* 

Total No. = Total number of amplified bands, Bs = Molecular size by base pair, + = Band presence, * = Presence of each amplified fragment. 
* (50 + 81.8 + 66.7 + 35 = 233.5), then Average = 233.5/4 = 58.4% 
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