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ABSTRACT 
 
 Hyocyamus sp. is an important medicinal plant belonging to the Solanaceae family. It contains tropane 
alkaloids, mainly hyoscyamine and scopolamine, which have medical usage. The primary objective of this study 
was to compare between proteins, isozymes as biochemical markers and RAPD-PCR molecular markers to 
assess the genetic diversity and relationships among five Hyoscyasmus species. SDS-PAGE for total soluble 
protein and PPO-isozyme analysis revealed low degree of polymorphism. In addition, some species from 
Hyocyamus sp. did not show any markers. A high degree of polymorphism was detected among the five 
Hyoscyasmus species through five random primers used for RAPD-PCR marker analysis. Fifteen monomorphic 
bands and 37 polymorphic distinct fragments (71.15% polymorphism) were revealed in the five Hyocyamus sp. 
with five primers. In addition, primer-3 and primer-5 were highly polymorphic (88.89 and 83.33% 
polymorphism, respectively). Moreover, primers 2, 4 and 1 were moderately polymorphic (69.23, 62.50 and 
50% polymorphism, respectively). The largest number of RAPD-PCR specific markers scored in H. muticus 
(eight markers), followed by, H. niger and H. gyoerffyi which were equal in specific marker number (three 
markers), while the lowest number from specific bands existed in both H. albus and H. aureus (two markers). 
Consequently, biochemical markers could not be used alone to differentiate between the tested Hyoscyasmus 
species. On the contrary, molecular markers are useful tools to assess the genetic diversity of five Hyocyamus 
species. 
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Introduction 
 
 Hyoscyamus belongs to Solanaceae family, which ranks as one of the most important to human beings, with 
approximately 90 genera and 3000-4000 species worldwide distributed (Knapp et al., 2004). The genus 
Hyoscyamus is one of the medicinal plants, which has atropine alkaloid compounds, mainly hyoscyamine and 
scopolamine, which are widely used for mydriatic, antispasmodic, antichoinergic analgesic, hypnotic drug and 
sedative properties (Supria 1998, Kartle et al., 2003; Bahmanzadegan et al., 2009). 
 Morphological markers were routinely used for diversity analysis and for establishing relationships among 
genotypes, but recently various biochemical and molecular markers have been developed as powerful tools for 
such studies. Biochemical markers such as proteins and isozymes have been extensively studied in plants and 
many important agricultural characters have been correlated with proteins and isozymes polymorphism. As a 
result of the high heterozygosity and high level of polymorphism that exist in Hyoscyamus, biochemical 
techniques have been used to study genetic variations between and within different species of plants (Antonius, 
1999; Vladova et al., 2000; Sharifi et al., 2006). Methods based on arbitrary primed-PCR (Welsh and 
McClelland, 1990) and RAPDs (Williams et al., 1990) have become widely used in studying genetic variation 
(Fahima et al., 1999), in plant taxonomy (Adams et al., 1993) and in conservation of endangered species (Wang 
et al., 2004) in natural populations. RAPD markers are attractive because they are simple, quick, relatively not 
expensive and little amount of DNA quantities are required to detect relatively small amount of genetic variation 
(Ragot and Hoisington, 1993). Also, there are no requirements for radioactive chemicals and no need for 
previous information about DNA sequences (Williams et al., 1990; Welsh and McCelland, 1990).  
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 The primary objective of this study was to assess the genetic diversity among Hyoscyasmus spp. using 
biochemical markers (proteins and isozymes) and molecular genetic fingerprinting using RAPD-PCR. 
 
Materials and Methods 
 
Plant Materials: 
 
 Seeds of five Hyoscyamus species (Hyoscyamus gyoerffyi, H. albus, H. muticus, H. niger and H. aureus 
were obtained from Leibniz Institute of Plant Science and Crop Plant Research (IPK), Gatersleben, Germany.  
 
Methods: 
 
Plant germination: 
 
 The seeds were germinated in pots containing a mixture of soil and peat in a 5:1 ratio and kept in a 
greenhouse at temperature 25ºC. When the plants reached 8 cm height, they were transferred to pots containing 
the same soil mixture at a density of three plants per pot. 
 
Electrophoretic Analysis of Protein by SDS-PAGE: 
 
 SDS-PAGE was used for detection of genetic variability among Hyoscyamus sp. via quantitative and 
qualitative determination of the total proteins. This method was done according to Laemmli (1970) as modified 
by Studier (1973).  
 
Polyphenol Oxidase (PPO) Isozyme Extraction: 
 
 Isozyme assay: Native-polyacrylamide gel electrophoresis (Native-PAGE) was conducted to identify 
isozyme variations among Hyoscyamus sp. using Polyphenyl Oxidase isozymes according to (Stagemann et al., 
1985). 500 mg fresh leaves were homogenized in liquid N2 and 100 µl of 0.2 M Phosphate buffer was added 
(pH 7.0 was adjusted by Potassium Phosphate, monobasic) and 10 µl of 2-Mercaptoethanol before 
centrifugation at 14000 rpm for 15 min at 4°C. The supernatant was stored at a temperature of -20°C until 
isozyme analysis. Polyphenol oxidase isozymes were detected according to (Baaziz et al., 1994), in which the 
gel was immersed in a solution containing 0.1% 1-dihydroxyphenyl alanine solubilized in 0.05 M phosphate 
buffer pH 7.5. Relative band mobility was measured in relation to the dye front and indicated by Rf values. 
 
DNA Extraction: 
 
 Young leaves of all Hyoscyamus sp. were collected and soaked in liquid nitrogen for DNA extraction using 
the 2% CTAB method modified by Agrawal et al., (1992). 
 
Random Amplified Polymorphism DNA-Polymerase Chain Reaction (RAPD-PCR) Technique: 
 
 A total of five primers sequenced in (Table 1) were used to amplify DNA (Kang and Yang, 2004) 
(manufactured by Bioneer, New technology certification from ATS Korea). The total reaction mixture was 15 µl 
contained 10× PCR buffer, 2 mM MgCl2, 0.2 mM dNTP mixed, 10 pmol primer, 1.25 U Taq polymerase and 
about 150 ng genomic DNA. DNA amplification was obtained through 35 cycles in a DNA thermal cycler. The 
temperature profile was as follow: denature temperature 94°C for 30 sec.; annealing temperature 45°C for 1 
min; and extension temperature 72 for 1 min, final extension at 72ºC for 5 min. 
 
Table 1: The sequences of the five used primers were as follows. 

                                             Sequence Primer 

GTT TCG CTC C Primer-1 

AAC GCG CAA C Primer-2 

CCC GTC AGC A Primer-3 

CCA CAG CAG T Pimer-4 

AAG CCC GAG G Primer-5 
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Amplification Product Analysis: 
 
 The amplified DNA (15 μl) for all samples was electrophoresed on 1% agarose containing ethedium 
bromide (0.5 μg/ml) in 1X TBE buffer (89 mM Tris-HCl, 89 mM Boric acid, 2.5 mM EDTA, pH 8.3) at 75 
constant volt, and determine with UV transilluminator. The size of each fragment was estimated with reference 
to a size marker of 100 bp DNA ladder (BioRoN, Germany). 
 
Gel Analysis: 
 
 The gel analysis was applied by programme (UVI geltec version 12.4, 1999-2005, USA). 
 
Results and Discussion 
 
SDS-PAGE Analysis of Total Soluble-Protein: 
 
 The electrophoresis of total soluble proteins extracted from leaves of five Hyoscyamus species revealed a 
total of 27 polypeptides bands with different molecular weights ranged from 188 to 10 kDa, out of which 16 
were polymorphic with 59.26% polymorphism and the other were commonly bands with molecular weights 
(188, 73, 41.5, 38.5, 29, 28, 27, 21, 19, 14.5 and 10 KDa) (Fig. 1 and Table 2). The maximum number of bands 
was found in H. gyoerffyi (23 bands). The minimum number of bands was found in the H. niger (12 bands). On 
the other hand, H. gyoerffyi has five new protein bands at the molecular sizes 135, 59, 34, 32.2 and 26 KDa 
which can be used as markers for this species. In addition, the H. aureus L. exhibited three markers with 
molecular masses 91, 27.5 and 13.5 KDa. Consequently, these bands can be considered as biochemical markers 
to characterize the species. In the contrast, several protein bands disappeared in some species and appeared in 
others. For example, four bands were scored only in two Hyoscyamus species: In H. gyoerffyi and H. muticus 
with 26.5 KDa, H. albus and H. muticus at 25.5 KDa, H. gyoerffyi and H. aureus with 16.5 KDa, as well as H. 
gyoerffyi and H. albus with 11 KDa. Only one band was found in three species and disappeared in other two 
species (H. niger and H. aureus) with molecular weights 22.5 KDa. Three bands revealed in all species except 
one i.e. two bands at molecular sizes 67 and 29.5 KDa disappeared in H. niger  as the band of 12 KDa 
disappeared in H. albus   (Fig. 1 and Table 2) . These results were found in agreement with the findings of 
(Vladova et al., 2004; Ramos et al., 2006; Patra and Chawla, 2010) who used protein SDS-PAGE to study the 
genetic variability and the genetic relationship among the different species (thirty cultivars of Brassica rapa, 
Cucurbitaceae, Calotropis procera and 93 germplasm accessions of Gymnema Sylvester R.Br) collected from 
different natural habitats. The resulted profiles showed different patterns indicating variability among accessions 
of different habitats. 
 
Table 2: SDS-PAGE Analysis of total protein banding patterns of five Hyoscyamus species. 

Band No. MW of bands 
(KDa) 

H.gyoerffyi H. albus H. muticus H. niger  H. aureus 

1  188 + + + + + 
2  135 +  
3  91  + 
4  73 + + + + + 
5  67 + + + + 
6  59 +  
7  41.5 + + + + + 
8  38.5 + + + + + 
9  34.0 +  
10  32.2 +  
11  29.5 + + + + 
12  29 + + + + + 
13  28 + + + + + 
14  27.5  + 
15  27 + + + + + 
16  26.5 + +  
17  26 +  
18  25.5  + +  
19  23.5 + + + + + 
20  22.5 + + +  
21  20 + + + + + 
22  16.5 + + 
23  14.5 + + + + + 
24  13.5  + 
25  12 + + + + 
26  11 + +  
27  10 + + + + + 

Total= 27 23 16 17 12 18 
+ = presence of Band. 
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Fig. 1: SDS-PAGE protein banding patterns of five Hyocyamus species. 
Lane 1: Hyoscyamus gyoerffyi Lane 2: H. albus  Lane 3: H.  muticus 
Lane 4: H. niger  Lane 5: H. aureus. 
 
Analysis PPO Isozyme Profile by Native-PAGE: 
 
 Data in (Fig. 2 and Table 3) showed the activity of isozyme marker for studied Hyocyamus species. POD-
isozyme revealed one monomorphic band at Rf 0.178 and other two were polymorphic bands, only H. muticus L. 
showed two unique dark bands with Rf (0.782 and 0.883) which were absent in the other species. Allozymes 
have been applied in many population genetic studies, including measurments of out crossing rates (Erskine and 
Muehlbauer, 1991), population structure and population divergence (Freville et al., 2001). Allozymes are 
particularly useful at the level of conspecific populations and closely related species and are therefore useful to 
study diversity in crops and their relatives (Hamrick and Godt, 1997). They have been used, often in concert 
with other markers, for fingerprinting purposes and diversity studies to study interspecific relationships and the 
mode of genetic inheritance (Manjunatha et al., 2003; Kumar et al., 2009). 

 
 
Fig. 2: PPO-isozymes profile of five Hyocyamus species. 
Lane 1: Hyoscyamus gyoerffyi  Lane 2: H. albus    Lane 3: H.  muticus    
Lane 4: H. niger   Lane 5: H. aureus. 
 
Table 3: Isozyme Marker of the five Hyoscymus species. 

Band No. Rf H.gyoerffyi H. albus H. muticus H. niger H. aureus 
1 0.178 + + + + + 
2 0.782   +   
3 0.883   +   

Total=3 1 1 3 1 1 

+ = presence of band. 
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RAPD-PCR Fingerprinting: 
 
 Five primers RAPD-PCR were used to identify the studied species of Hyocyamus as shown in (Fig. 3 and 
Table 4). Fifteen monomorphic bands and 37 polymorphic distinct fragments (71.15% polymorphism) were 
revealed in all Hyocyamus sp. with the primers. The results showed that primers 3 and 5 were highly 
polymorphic (88.89 and 83.33% polymorphism, respectively). Moreover, primers 2, 4 and 1 were moderately 
polymorphic (69.23, 62.50 and 50% polymorphism, respectively). The overall results of five primers were 
illustrated in (Table 4). Primers 2, 5 and 1 gave the highest total number of bands from 13 to 10 bands. 
Moreover, primers 3 and 4 appeared the lowest total number of amplified fragments from nine to eight bands, 
respectively.  
 
Table 4 : Polymorphism of the RAPD-PCR primers among Hyocyamus speicies. 

Primer Code  
No. 

Total Bands 
No. of Monomorphic 

Bands 
No. of Polymorphic 

Bands 
Unique 
Bands 

% Polymorphism 

1 10 5 5 3 50.00 
2 13 4 9 3 69.23 
3 9 1 8 5 88.89 
4 8 3 5 3 62.50 
5 12 2 10 4 83.33 

Total 52 15 37 18 71.15% 

 
 

 
(a) 

 

 
(b) 

 
(c) 

Fig. 3: RAPD-PCR banding patterns of five Hyocyamus species with five arbitrary primers. 
  (a) Primers 1 and 2, (b) primers 3 and 4, (c) primer- 5, Lane M = 100-bp DNA ladder. 
        Lane 1: Hyoscyamus gyoerffyi   Lane 2: H. albus   Lane 3: H.  muticus     
        Lane 4: H.  niger   Lane 5: H. aureus 
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Hyocyamus Species-Specific Molecular Markers: 
 
 Specific markers for Hyocyamus sp. induced using RAPD-PCR analysis are listed in (Table 5). Eighteen 
out of 37 polymorphic bands were found to be species specific. The largest number of RAPD-PCR specific 
markers scored in H. muticus (eight markers), followed by H. gyoerffyi and H. niger which were equal in 
specific marker number (Three markers), while the lowest number of specific bands existed in both H. albus and 
H. aureus two markers. In the same time, primer-3 gave the highest number from molecular markers (five 
markers), followed by primer-5 (four makers). In addition, the primers 1, 2 and 4 were equal in markers number 
(three markers). These results were similar to Williams et al., (1990) who mentioned that RAPDs have become 
widely used in studying genetic variations among Hyoscyamus species (Singh and Smart 1998; Fahima et al., 
1999; Martins et al., 2003; Ibou-Isba et al., 2007), in plant taxonomy (Adams et al., 1993). RAPD markers are 
attractive because they are simple, quick, relatively not expensive and little amount of DNA quantities are 
required to detect relatively small amount of genetic variation (Ragot and Hoisington, 1993). Also, there are no 
requirements for radioactive chemicals and no need for previous information about DNA sequences (Williams 
et al., 1990; Welsh and McCelland, 1990). Similarly, (Ibou-Isba et al., 2007) used RAPD-PCR to estimate the 
genetic viabilities between Hyocyamus species. 
 
Table 5: Molecular markers specific of Hyocymus species. 

Primer Code 
No. 

No. of Unique 
Bands 

MW of Unique 
Bands (bp) 

H. gyoerffyi H. albus H. muticus H. niger H. aureus 

 
1 

 
3 

600 
386 
90 

 
+ 

   + 
 

+ 
 

2 
 
3 

570 
520 
320 

 

  
+ 
+ 

+   
 
 
 

 
3 

 
5 

450 
940 
840 
690 
520 

  + 
+ 
+ 
+ 
+ 

  

 
4 

 
3 

1580 
1280 
517 

  + 
+ 

 
 

+ 

 

 
5 

 
4 

765 
670 
650 
410 

+ 
 
 

+ 

   
+ 
+ 

 

Total =                       18 3 2 8 3 2 
+ = presence of band 
 
Hyocyamus Species-Specific Biochemical and Molecular Markers: 
 
 Specific markers for the five studied Hyocyamus species using SDS-PAGE, isozyme and RAPD-PCR 
analysis are listed in (Table 6). The obtained results of three techniques revealed a total of 28 markers, whereas 
H. muticus recorded the highest markers (10), followed by H.gyoerffyi with (8). However, H. albus displayed 
the lowest total number of markers (2). The polymorphic percentage of the five Hyocyamus species was 35.71, 
28.57, 17.86, 10.71 and 7.14 for H. muticus, H.gyoerffyi, H. aureus, H. niger and H. albus, respectively. 
Molecular markers using RAPD-PCR show better resemblance compared to biochemical markers using SDS-
PAGE and isozymes. Thus, their disadvantages include a low level of polymorphism to have few alleles per 
locus, especially when the genetic base is narrow. For example, in Hyocyamus sp the number of polymorphisms 
was so low that it allowed us to differentiate between species (Kesseli et al., 1991). In addition, some species of 
Hyocyamus have not appeared any markers; considered another aspect is that proteins, being a product of DNA, 
can be affected qualitatively and quantitatively in their expression level by environmental factors and tissue 
type. On the contrary, molecular markers are not environmentally influenced, which means that the same 
banding profiles can be expected at all times for the same genotype (Kumar et al., 2009). 
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Table 6: Biochemical and molecular markers specific of Hyocyamus species. 

Primer Code 
No. 

No. of 
unique 
bands 

MW of 
Unique bands 

H. gyoerffyi  H. albus L. H.  muticus 
L. 

H. niger L. var. 
annuus Sims 

H. aureus L. 

1 3 600(bp) 
386 
90 

 
+ 

   + 
 

+ 
2 3 570 

520 
320 

  
+ 
+ 

+   
 
 

3 5 1450 
940 
840 
690 
520 

  + 
+ 
+ 
+ 
+ 

  

4 3 1580 
1280 
517 

  + 
+ 

 
 

+ 

 

5 4 765 
670 
650 
410 

+ 
 
 

+ 

   
+ 
+ 

 

Total =                    18 3 2 8 3 2 
SDS-PAGE 8 

 
135 KDa 

91 
59 
34 

32.2 
27.5 
26 

13.5 

+ 
 

+ 
+ 
+ 
 

+ 

    
+ 
 
 
 

+ 
 

+ 
Total =                      8 5 0 0 0 3 

POD-
isozyme 

2 Rf  0.792 
Rf  0.883 

  + 
+ 

  

Total=                       2 0 0 2 0 0 
Total =                    28 8 2 10 3 5 

%polymorphic 28.57% 7. 14% 35.71% 10.71% 17.86% 
+ = presence of band. 
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