
 Assiut J. of Agric. Sci 43 2012( Special Issue)(1-18) 
 

 

Screening some Broccoli and Cabbage Genotypes 

Biodiversity Using Randomly Amplified  

Polymorphic DNA (RAPD). 
Mohamed.M.A. Abdalla; M. H. Aboul-Nasr 

 and Shimaa H. Mosallam 

Department of Horticulture (vegetables)  

 Fac of Agric – Assiut Univ 

Abstract: 

Ten RAPD markers were 

used to detect the genetic varia-

bility and relationships among 

four broccoli and three cabbage 

genotypes. The results of RAPD 

analysis showed that all the 5 

primers surveyed detected poly-

morphism for all broccoli geno-

types. A total of 39 DNA bands 

were amplified by the 5 primers 

from all genotype  and 21 of the-

se fragments showed polymor-

phism (53.85%). The rest of the-

se bands (46.15%) were common 

between the four genotypes . On  

the other hand, all of the 7 pri-

mers surveyed, used with cab-

bage, detected polymorphism 

among all cabbage genotype. A 

total of 69 DNA bands were am-

plified by the 7 primers from all 

genotypes and 23 of these frag-

ments showed polymorphism 

(33.33%). The rest of these bands 

(66.67%) were common between 

the three genotypes. The investi-

gation suggested that the RAPD 

approach showed considerable 

potential for identifying and dis-

criminating broccoli and cabbage 

genotypes. 

Key words: Brassica 

oleracea , genetic mark-

ers ,varietal identification, DNA 
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Introduction: 

Cabbage (Brassica oleracea 

var. capitata). (2n = 2x = 18) 

belongs to the Brassicaceae fami-

ly and is one of the most im-

portant vegetables in the world 

due to its wide adaptation, high 

yield, long shelf time, and high 

economic significance. (Liwang 

Liu1 et al, 2007). In Egypt most 

of the people know the cabbage 

nutrient value but don't know 

about the nutrient value of broc-

coli  

Broccoli Brassica oleracea 

var. italica is a minor vegetable 

crop cultivated in a very small 

area over all Egypt. No statistics 

were found to determine such 

area in Egypt not even in F.A.O. 

statistics data base. Broccoli is 

highly nutritious, and has been 

deemed as a vegetable with po-

tential anti-cancer activity due to 

high levels of glucoraphanin, 

which can hydrolyses to form 

sulphoraphane, an isothiocya-

nate. Broccoli sprouts have been 

reported to have 20–50 times the 

glucoraphanin concentration of 

mature broccoli heads (Fahey et 

al., 1997). Moreover, dietary an-

tio xidants, vitamins and  
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non-nutrient components 

such as flavonoids, are present in 

crucifers and may decrease the 

risk for certain cancers (Lindsay 

and Astley, 2002).  

The randomly amplified pol-

ymorphic DNA (RAPD) markers 

generated by polymerase chain 

reaction (PCR) is technically the 

simplest, less expensive, fast and 

does not require prior knowledge 

of the target sequences for the 

design of primers (Williams et 

al., 1990). The RAPD markers 

have already been used in Bras-

sica oleracea for the assessment 

of genetic variability, diversity 

and fingerprinting of broccoli 

and cabbage genotypes (Jinguo 

and Carlos , 1991; Janel et al.  

(2002) and Qin et al. (2007).                       

. 

The objective of this inves-

tigation was to study the per-

formance of four broccoli and 

three cabbage genotype plants 

under Assiut conditions and to 

determine the genetic differ-

ences between the four broccoli 

and the three cabbage geno-

types using ten RAPD markers.  

Materials and methods: 

II-Random amplified polymor-

phic DNA (RAPD) analysis: 

2.1- DNA extraction: 

Field experiments were con-

ducted at the Experimental Farm 

of Faculty of Agriculture, Assiut, 

Egypt in two consecutive winter 

seasons of 2008/2009 and 

2009/2010 to grow different gen-

otypes of broccoli and cabbage. 

The isolation of total cellular 

DNA was performed on the basis 

of a modified CTAB protocol for 

plants containing high polyphe-

nol components designed by 

Porebski et al., (1997). Four 

broccoli and three cabbage geno-

types (Table1) plants fresh leaves 

were collected, frozen in liquid 

nitrogen, and stored at -70ºC un-

til use. Sample tissues (0.5g) 

from each donor plant were 

grinded using mortar and pestle 

in the presence of liquid nitrogen 

until finally ground. Frozen 

ground leaf tissues were trans-

ferred to 15 ml polyptopylene 

centrifuge tubes. Then, 5.0 ml of 

60ºC extraction buffer (100 mM 

tris, 1.4 M NaCl, 20 mM EDTA, 

pH 8.0, 2% CTAB (hexa-

decyltrimethylammonium bro-

mide), 0.3% β-mercaptoethanol) 

and 50 mg Polyvinylpolyrroli-

done (PVP) were added to the 

samples. Then mixed by inver-

sion and incubated in 60ºC oven 

(with shaking) for 25 to 60 

minutes.  

The samples were re-

moved from heat and cooled to 

room temperature for 4-6 min. A 

mixture (6.0 ml) of chloroform: 

octanol (24:1) were then added to 

the samples and mixed by inver-

sion to form emulsion. The sam-

ples were centrifuged at 3000 

rpm for 20 min. at room tempera-

ture. An aqueous solution was 

transferred to new 15 ml centri-

fuge tubes using wide-bore pi-

pette. The step of chloroform: 

octanol was repeated to remove 

cloudiness (PVP) in aqueous 

phase. A half volume of 5 M 

NaCl were added to the final 
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aqueous solution recovered. In 

addition, two volumes of cold (-

20ºC) 95% ethanol were added to 

solution. Samples were placed in 

freezer (-20ºC) for 10 min. or left 

at 4-6ºC overnight to accentuate 

precipitation. After then, samples 

were centrifuged at 3000 rpm for 

6 min.  

The supernatant was poured 

and pellet washed with cold (0-

4ºC) 79% v/v ethanol, then pellet 

dried in 37ºC oven and dissolved 

in 300µl TE buffer (10 mM tris-

HCl, 1 mM EDTA, pH 8.4) 

overnight at 4-6ºC. Dissolved 

pellet was transferred to 1.5 ml 

Eppendorf tubes and 3µl RNase 

A (10 mg/ml) was added and in-

cubated in 37ºC water bath for 

approximately 1 hour. The sam-

ples were treated with 3µl pro-

teinase-K (1mg/ml), and incubat-

ed at 37ºC for 15 to 30 minutes. 

Equal volumes of phenol and 

chloroform (150µl each) were 

added to each Eppendorf tube, 

vortexed briefly and spinned (in 

microcentrifuge) at 14,000 rpm 

for 10 to 15 minutes. Upper lay-

ers were collected in new 1.5 ml 

Eppendorf tube and then 50 µl 

TE were added to phenol phase. 

The last step was repeated.  

       Sodium acetate (1/10 vol. of 

2M) and absolute ethanol (2 vol.) 

were added, mixed and left over-

night in freezer (-80ºC). Then 

samples were centrifuged at 

14,000 rpm for 10 to 20 minutes, 

drained and washed with70% v/v 

ethanol. Ethanol was removed, 

tubes were dried and 100 to 200 

µl TE buffer were added. DNA 

concentrations were measured 

using a Hoefer Quanta 200 Fluo-

rometer and 0.5 ng DNA dilu-

tions were prepared for RAPD-

PCR analysis. 

2.2- Quantitation of DNA using 

spectrophotometry: 

     DNA concentration was de-

termined using the spectropho-

tometer. DNA concentration of 

most solutions was measured by 

using the conversion factor that 

1.0 OD at 260 nm is equivalent 

to 50 µg/ml DNA. Pure prepara-

tions of DNA have an 

OD260/OD280 value of 1.8, if the 

samples are contaminated with 

protein or phenol, the 

OD260/OD280 will be significantly 

less than the 1.8 value. So, an 

appropriate measure of the purity 

of the isolated DNA was deter-

mined using the A260/280 ratio. 

2.3- RAPD markers assay: 

      RAPD marker assays are 

based on the PCR amplification 

of random locations in the plant 

genome. The DNA amplification 

protocol was performed as de-

scribed by Williams et al., 

(1990) with some modifications. 

2.3.1- Primers and DNA mark-

er used in RAPD analysis: 

       Oligonucleotide sequences 

of ten, 10-mer, random primers 

used in this study were selected 

from a set of Operon kits (A,B, 

and E) were  used for broccoli 

and (A, B, D, E and O) were used 

for cabbage (Operon Technolo-

gies Inc., Alameda CA) the codes 

and sequences of these primers 

are shown in table (2 and 3). 

A100 bp Ladder (Amersham 

Pharmacia) was used in RAPD 

analysis, this marker covers a 
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range of DNA fragment size be-

tween 3000 bp to 250 bp. 

2.3.2- Preparation of PCR re-

actions: 

      Reactions were carried out in 

a 25 µl volume of 3 µl containing 

10 ng/ µl of genomic DNA tem-

plate, 3 µl moles of each primer, 

2.5 µl 10x buffer 2.5 µl each of 

dNTPs (2mM),  2 µl MgCl2  (25 

mM), 0.001 gelatin and 0.3 0f 5 

units /µl Taq polymerase (Ap-

pligene). A master mix was pre-

pared in a 1.5ml microfuge tube, 

according to the number of PCR 

reactions to be performed, with 

an extra reaction include com-

pensating for the loss of part of 

the solution due to frequent pi-

petting. An aliquot of 47.5 µl 

master mix solution was dis-

pensed in each PCR tube (0.2ml), 

containing 2.5µl of the appropri-

ate template DNA, so that each 

reaction contained: 

 

Component Amount of one PCR reaction 

H2O                        11.7µl 

10X reaction buffer                        2.5µl 

dNTP's mix                        2.5µl 

MgCl2                        2.0µl 

Primer                        3.0µl 

Taq polymerase                        0.3µl 

Template DNA                        3.0µl 

Total volume                         25.0µl 

 

Table (1): The name and sources of the four broccoli and the three 

cabbage genotypes used in this study.  

 Genotypes Source 

Broccoli: 

1- Assiut 1 Aboul-Nasr et al. (2008) 

2- Calabrese U.S.A. West Hills,U.S.A 

3- Calabrese France. Bourget et Sanvoisin, France. 

4- Italian. Battistini Sementi s.n.c. Italy. 

Cabbage: 

1- Balady Mohassan Mecca, Trade 

2- Balady Harraz Company, Cairo, Egypt 

3- Brunswick GSN Semences France 

Table (2): Sequence and primers codes of the random primers used to 

study variation in five broccoli donors. 
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No. Primer codes Sequence (5’ to 3’) 

1 OPB-10 CTGCTGGGAC 

2 OPA-09 GGGTAACGCC 

3 OPB-08 GTCCACACGG 

4 OPA-16 AGCCAGCGAA 

5 OPE-04 GTGACATGCC 

Table (3): Sequence and primers codes of the random primers used to 

study variation in five cabbage donors. 

No. Primer codes Sequence (5’ to 3’) 

1 OPB-10 CTGCTGGGAC 

2 OPB-01 GTTTCGCTCC 

3 OPA-17 GACCGCTTGT 

4 OPE-04 GTGACATGCC 

5 OPE-05 TCAGGGAGGT 

6 OPD-05 TGAGCGGACA 

7 OPO-14 AGCATGGCTC 

2.3.3- PCR program and tem-

perature profile: 
       The PCR temperature profile 

was applied through a Gene 

Amp® PCR System 9700 (Per-

kin Elmer, England). Amplifica-

tion of DNA was carried out in a 

thermocycler programmed for 40 

cycles as follows: 94ºC for 5 min 

(1 cycle), 94ºC for 40 sec. 36ºC 

for 1 min, 72ºC for 1 min, (40 

cycles), 72ºC for 7 min (last cy-

cle) then followed by soaking at 

4ºC.  

2.4-Gel electrophoresis: 

       The products obtained in 

reaction (25µl) and 100bp Ladder 

marker were separated on the 

1.5% agarose containing 0.5 

µg/ml of ethidium bromide in 1x 

concentrated TBE buffer (89 mM 

Tris-borate; 2.5 mM EDTA) at 

95 voltage for approximately 2.5 

hours. The patterns were visual-

ized on UV light and photo-

graphed using a gel documenta-

tion system (Bio-Rad® Gel Doc-

2000) in order to document the 

results for further analysis. 

2.5- Data analysis: 

       Agarose gel photos were 

scanned by Gene Profiler 4.03 

computer software program that 

uses automatic lane and peak 
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finding to detect the presence of 

bands in a gel, and calibrate them 

for size and intensity.  A binary 

data matrix containing the pres-

ence (1) or the absence (0) of 

bands was made. The software 

package MVSP (Multi-Variate 

Statistical Package) was used and 

genetic similarities computed 

using the Dice coefficient of sim-

ilarity as in Nei & Li (1979): 

                                  2 X n11 
   
Similarity = 

ـــــــــــــ   (2 X n11) + n01 + n10 

Where: n11 - designates the 

number of common bands for 

two compared samples, 

 n10- cases where the bands were 

visible only in the first sample, 

        n01 – when they were visi-

ble in the other sample only.  

The genetic distance between 

donor parents and within each 

parent and its regenerated plant-

lets were estimated using natural 

logarithm (-ln F) of the similarity 

estimates. Cluster analysis was 

carried out on similarity esti-

mates using the unweighted pair-

group method with arithmetic 

average (UPGMA). These meth-

ods were carried out through 

MVSP software programs. The 

results were then represented as 

dendrogram for each primer and 

all primers. 

Results and Disscusion 

Random amplified polymor-

phic DNA (RAPD) for broccoli 

Randomly amplified poly-

morphic DNA (RAPD) technique 

requires only the presence of sin-

gle "randomly chosen" oligonu-

cleotides. The ability of RAPDs 

to produce multiple bands using a 

single primer means that a rela-

tively small number of primers 

can be used to generate a very 

large number of fragments. These 

fragments are usually generated 

from different regions of the ge-

nome and hence multiple loci 

may be examined very quickly 

(Williams et al., 1990; Martin et 

al., 1991; Edwards 1998; Piola 

et al., 1999 and Ovesna et al., 

2002).  
In the present investigation, 5 

random 10-mer primers (OPB-

10, OPA-09, OPB-08, OPA-16 

and OPE-04) were used to study 

the genetic differences and rela-

tionships among the four geno-

types of broccoli (Table 2). The 5 

primers amplified a total of 39 

DNA fragments from all tested 

genotypes and ranged in size 

from 2406 bp(OPE-04) to 244 bp 

(OPB-10) (Table 4  and Fig.1 ).  

The highest number of amplified 

DNA fragments was detected for 

the Primer OPA-09 (10 bands), 

while the lowest number was 

amplified with the primer OPB-

08 (5 bands), in (table 5). 

Calabrese France genotype dis-

played the lowest number of 

DNA fragments (27 bands), 

while the Italian genotype re-

vealed the highest number of 

bands (33 bands). These variation 

in the number of bands amplified 

by different primers influenced 

by variable factors such as primer 

structure and number of anneal-

ing sites in the genome (Ker-

nodle et al., 1993), in (table 5  ). 

All the 5 primers surveyed 

detected polymorphism for all 

broccoli genotypes. A total of 39 

DNA bands were amplified by 
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the 5 primers from all genotype  

and 21 of these fragments 

showed polymorphism (53.85%). 

The rest of these bands (46.15%) 

were common between the five 

lines. The monomorphic bands 

are constant bands and cannot be 

used to study the diversity while 

polymorphic bands revealed dif-

ferences and could be used to 

examine and establish systematic 

relationships among the geno-

types (Hadrys et al., 1992).  

Unique DNA fragments with 

different sizes were detected in 

particular lines but not in the oth-

ers using different primers. The 

presence of a unique band for a 

given line is referred as positive 

marker while the absence of a 

common band served as negative 

marker. Such bands could be 

used as DNA markers for line 

identification and discrimination.  

In this respect, one DNA 

fragments in genotype Calabrese 

U.S.A [807 bp (OPA-16)], two 

band in genotype Calabrese 

France [552bp (OPB-08) and 

1070bp (OPA-16)] and one band 

in the Italian genotype [726bp 

(OPA-16)] were line-specific 

positive markers (Table (6). 

Line-specific negative markers 

were also recorded for genotype 

Assiut1 [1690bp (OPA-16)] and 

five bands for genotype Calabre-

se France [268bp (OPA-09), 

488bp (OPB-08) and 1525bp, 

930bp and 830bp (OPE-04)]. The 

higher number of RAPD popula-

tion-specific markers was gener-

ated by the primer OPA-16 (3 

markers), followed by OPB-08 (1 

marker). (Table 6 ).  

Clustering values of the four 

broccoli genotypes  resulting 

from the UPGMA  are given in 

Table (7). The analysis was 

based on the number of markers 

that were different between any 

given pair genotypes. The den-

drogram showed that both Cala-

brese U.S.A. and Italian. were 

clustered together firstly with 

0.79 genetic similarity while, the 

second cluster included Assiut1 

and Calabrese France at 0.64 

similarity. These results suggest-

ed that the RAPD approach 

showed considerable potential for 

identifying and discriminating 

the four broccoli genotypes.  
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Table (4): Survey of the RAPD-DNA fragments of the seven primers in 

four broccoli genotypes. 
No Primers bp Assiut1 Calabrese 

U.S.A. 

Calabrese 

France. 

Italian. 

1  

 

 

 

OPB-10 

1772 - - + + 

2 1080 + + + + 

3 994 + + + + 

4 744 + + + + 

5 581 + + + + 

6 473 + + + + 

7 435 + + + + 

8 244 + + + + 

9  

 

 

 

 

OPA-09 

 

1778 + + + + 

10 1579 + + + + 

11 1247 - - + + 

12 1024 + + + + 

13 664 + + + + 

14 590 + + + + 

15 484 + + - - 

16 398 + + + + 

17 314 - - + + 

18 268 + + - + 

19  

 

OPB-08 

1846 - - + + 

20 1235 + + + + 

21 879 + + + + 

22 552 - - + - 

23 488 + + - + 

24  

 

 

 

OPA-16 

1690 - + + + 

25 1148 - + - + 

26 1070 - - + - 

27 929 - + - + 

28 807 - + - - 

29 726 - - - + 

30 631 + + + + 

31 511 + + + + 

32  

 

 

OPE-04 

2406 + - - + 

33 1525 + + - + 

34 930 + + - + 

35 830 + + - + 

36 660 + + + + 

37 546 + - - + 

38 359 + - + - 

39 275 + - + - 

Total 

DNA 

Fragments 

 28 28 27 33 
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Table (5):Number of amplified DNA-fragments and polymorphic bands in 

four broccoli genotypes investigated with five RAPD primers. 

P
ri

m
er

s
 

C
o

d
e

 

No. of amplified bands 

T
o

ta
l 

a
m

p
li

fi
e
d

 

b
a

n
d

s
 N

o
. 

o
f 

p
o

ly
m

o
r

p
h

ic
 

b
a

n
d

s
 

%
 o

f 

p
o

ly
m

o
r

p
h

ic
 

b
a

n
d

s
 

Assiut1 Calabrese 

U.S.A. 

Calabrese 

France. 

Italian. 

OPB-10 7 7 8 8 8 1 12.5 

OPA-09 8 8 8 9 10 4 40.0 

OPB-08 3 3 4 4 5 3 60.0 

OPA-16 2 6 4 6 8 6 75.0 

OPE-04 8 4 3 6 8 7 87.5 

TOTAL 28 28 27 33 39 21 53.85 

Table (6): Four broccoli genotypes characterized by unique positive and/or 

negative RAPD markers, marker size and total number of markers. 

T
o
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l 
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s 

N
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e 
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a
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P
o
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e 
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a
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a

l-
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n

. 

C
a
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-

b
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se
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n
c

e.
 

C
a
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-
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U
.S

.A . 

A
s-

si
u

t1
 

P
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N
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a
-
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v

e 

m
a
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er

 

P
o
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er

 

N
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-
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a
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er

 

N
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a
-
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e 

m
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er

 

P
o

si
ti
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e 

m
a

rk
er

 

N
eg

a
-

ti
v

e 

m
a

rk
er

 

P
o

si
ti

v
e 

m
a

rk
er

 

           OPB-10 

1 1    268      OPA-09 

2 1 1   488 552     OPB-08 

4 1 3  726  1070  807 1690  OPA-16 

3 3    

1525 

930 

830 

     OPE-04 

 
6 4 

 1 5 2  1 1  
Total 

10 1 7 1 1 

Table (7): Genetic similarity values of four broccoli genotypes calcu-

lated from 39 DNA fragments generated with five primers 

Similarity matrix 

A
ss

iu
t1

 

C
a

la
b

r
e
se

 

F
r
a

n
c
e
. 

It
a

li
a

n
. 

C
a

la
b

r
e
se

 

U
.S

.A
. 

1
 

1    

3
 

0.636 1   

4
 0.310 0.409 1  

2
 

0.286 0.286 0.794 1 
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Fig. (1): Agarose gel electrophoresis of RAPD profile in four broccoli geno-

types. 
OPB-10             

 

OPA-09          

 

OPB-08           

 

OPA-16             

 

OPE-04              
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Random amplified polymor-

phic DNA (RAPD) for cabbage 

In the present investiga-

tion, 7 random 10-mer primers 

(OPE-04, OPE-05,  OPO-14, 

OPA-17, OPB-10, OPD-5, OPB-

01) were used to study the genet-

ic differences and relationships 

among the three genotypes of 

Cabbage (Table 3 ). The 7 pri-

mers amplified a total of 69 DNA 

fragments from all tested lines 

and ranged in size from 3915 bp 

(OPA-17) to 360 bp (OPE-05) 

(Table 8 and Fig.2 ).  

The highest number of amplified 

DNA fragments was detected for 

the Primer OPB10, OPD-05 and 

OPE-05 (13 bands each), while 

the lowest number was amplified 

with the primer OPA-17 (4 

bands), in (Table 9 ). 

Brunswick genotype displayed 

the lowest number of DNA frag-

ments (58 bands), while the 

Balady Mohassan  and Balady 

genotypes revealed the highest 

number of bands (60 bands 

each). These variation in the 

number of bands amplified by 

different primers influenced by 

variable factors such as primer 

structure and number of anneal-

ing sites in the genome (Ker-

nodle et al., 1993). 

All of the 7 primers sur-

veyed detected polymorphism 

among all cabbage genotype. A 

total of 69 DNA bands were am-

plified by the 7 primers from all 

genotypes and 23 of these frag-

ments showed polymorphism 

(33.33%). The rest of these bands 

(66.67%) were common between 

the three genotypes. The mono-

morphic bands are constant 

bands and cannot be used to 

study the diversity while poly-

morphic bands revealed differ-

ences and could be used to exam-

ine and establish systematic rela-

tionships among the genotypes 

(Hadrys et al., 1992).  
Unique DNA fragments 

with different sizes were detected 

in particular lines but not in the 

others using different primers. 

The presence of a unique band 

for a given line is referred as pos-

itive marker while the absence of 

a common band served as nega-

tive marker. Such bands could be 

used as DNA markers for line 

identification and discrimination.  

In this respect, four DNA 

fragments in genotype  1   

[2052bp (OPB-01)], 2346bp 

(OPB-10), 1580bp (OPE-04) and 

457bp (OPE-05), two band in 

genotype   2     [2803bp, 471bp 

(OPD-05) and six bands for gen-

otype   3   [1570bp (OPB-01), 

1642bp and 1051bp (OPD-05), 

608bp (OPE-05) and 2007bp, 

1028bp (OPO-14)]  were line-

specific positive markers (Table 

(10). Line-specific negative 

markers were also recorded for 

genotype 1 [1257pb (OPB-01) 

and 736bp (OPE-04)], one band 

for  2   [580bp (OPO-14) and 

seven bands for genotype   3   

[1642bp, 1005bp (OPB-01), 

1642bp (OPB-10), 3915bp 

(OPA-17), 1099bp (OPD-05), 

553bp (OPE-05) and 2672bp 

(OPO-14). The higher number of 

RAPD population-specific mark-

ers were generated by primers 

OPB01 OPD05 (5 markers each), 
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followed by OPO14 (4 marker). 

(Table 10)The lowest number of 

RAPD population-specific mark-

ers was generated by primer 

OPA17 (one marker). 

Clustering values of the three 

Cabbage genotypes resulting 

from the UPGMA are given in 

(Table 11). The analysis was 

based on the number of markers 

that were different between any 

given pair lines. The dendrogram 

showed that both Balady Mohas-

san and Balady were clustered 

together firstly with 0.92 genetic 

similarity .These results suggest-

ed that the RAPD approach 

showed considerable potential for 

identifying and discriminating 

the three cabage broccoli geno-

types.

Table (8): Survey of the RAPD-DNA fragments of the seven primers in 

three cabbage genotypes. 

No Primers bP B.M. B Br. 

1  

 

 

 

POE-04 

2672 + + + 

2 2316 + + + 

3 2105 + + + 

4 1824 + + + 

5 1580 + - - 

6 1370 + + + 

7 1245 + + + 

8 980 + + + 

9 850 + + + 

10 736 - + + 

11  

 

 

 

 

 

POE-05 

3084 + + + 

12 2105 + + + 

13 1913 + + + 

14 1739 + + + 

15 1437 + + + 

16 1306 + + + 

17 1028 + + + 

18 850 + + + 

19 702 + + + 

20 608 - - + 

21 553 + + - 

22 457 + - - 

23 360 + + + 

24  

 

 

 

POO-14 

2672 + + - 

25 2316 + + + 

26 2007 - - + 

27 1824 + + + 

28 1580 + + + 

29 1187 + + + 

30 1028 - - + 

31 891 + + + 

32 772 + + + 

33 580 + - + 
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34  

 

POA-17 

3915 + + - 

35 2803 + + + 

36 2316 + + + 

37 1913 + + + 

38  

 

 

 

 

POB-10 

2346 + - - 

39 1502 + + + 

40 1642 + + - 

41 1795 + + + 

42 1257 + + + 

43 1099 + + + 

44 962 + + + 

45 880 + + + 

46 769 + + + 

47 704 + + + 

48 589 + + + 

49 493 + + + 

50 377 + + + 

51  

 

 

 

POD-05 

2803 - + - 

52 2346 + + + 

53 1502 + + + 

54 1642 - - + 

55 1877 + + + 

56 1374 + + + 

57 1202 + + + 

58 1099 + + - 

59 1051 - - + 

60 841 + + + 

61 673 + + + 

62 471 - + - 

63 361 + + - 

64  

 

 

 

POB-01 

2803 + + + 

65 2052 + - - 

66 1642 + + - 

67 1570 - - + 

68 1257 - + + 

69 1005 + + - 

B.M. = Balady Mohassan 

B.     = Balady 

Br.    = Brunswick 
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Table (9): Number of amplified DNA-fragments and polymorphic bands in 

three Cabbage genotypes investigated with seven RAPD primers. 

P
r
im

e
r
s

 

C
o

d
e

 

No. of amplified bands 

T
o

ta
l 

a
m

p
li

fi
e
d

 

b
a

n
d

s
 

N
o

. 
o

f 

p
o

ly
m

o
r
p

h
ic

 b
a

n
d

s
 

%
 o

f 

p
o

ly
m

o
r
p

h
ic

 b
a

n
d

s
 

B.M. B. Br. 

OPE-04 9 9 9 10 2 20.00 

OPE-05 12 11 11 13 3 23.08 

OPO-14 8 7 9 10 4 40.00 

OPA-17 4 4 3 4 1 25.00 

OPB-10 13 12 11 13 2 15.83 

OPD-05 9 11 9 13 6 46.15 

OPB-01 4 4 3 6 5 83.33 

TOTAL 60 60 58 69 23 33.33 

Table (10): Three cabbage genotypes characterized by unique positive and/or 

negative RAPD markers, marker size and total number of markers. 

T
o

ta
l 

 m
a

rk
er

s 

N
eg

a
ti

v
e 

m
a

rk
-

er
 

P
o

si
ti

v
e 

m
a

rk
er

 

B
r.

 

B
. 

B
.M . 

P
ri

m
er

 

N
eg

a
-

ti
v

e 

m
a

rk
er

 

P
o

si
ti

v
e 

m
a

rk
er

 

N
eg

a
-

ti
v

e 

m
a

rk
er

 

P
o

si
ti

v
e 

m
a

rk
er

 

N
eg

a
-

ti
v

e 

m
a

rk
er

 

P
o

si
ti

v
e 

m
a

rk
er

 

2 1 1     736 1580 OPE-04 

3 1 2 553 608    457 OPE-05 

4 2 2 2672 
2007 

1028 
580    OPO-14 

1 1 0 3915      OPA-17 

2 1 1 1642     2346 OPB-10 

5 1 4 1099 
1642 

1051 
 

2803 

471 
  OPD-05 

5 3 2 
1642 

1005 
1570   1257 2052 OPB-01 

 10 12 7 6 1 2 2 4 
Total 

 22 13 3 6 

Table (11): Genetic similarity values  of three cabbage genotypes cal-

culated from 39 DNA fragments generated with seven primers 

Similarity 

matrix 
1 2 3 

1 1   

2 0.923 1  

3 0.825 0.85 1 
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Fig. (2): Agarose gel electrophoresis of RAPD profile of three cabbage geno-

types. 
OPB-01                 

 

OPB-10                

 

OPE-04                    

OPA-17                   

OPD-05                

 OPE-05                    

OP0-14                    

 



Assiut J. of Agric. Sci 43 2012( Special Issue)(1-18) 

 07 

References: 

Aboul-Nasr; M.M.A. Abdalla 

and I.K. Metwaly and 

Shimaa H. M.H. (2008). 
Broccoli (Brassica oleracea 

var. italica) Growth and 

Yield under Assiut Condi-

tions. 2- Yield and vegetative 

Characters. The Scientific 

Conference of Young   Re-

searchers. Faulty of Agricul-

ture, Assiut University, 28, 

April, 2008. 

Edwards, K. J. (1998). Random-

ly amplified polymorphic 

DNAs(RAPDs).In: Karp A., 

Issac P.G.,Ingram 

D.S.(eds):Molecular Tools 

for Screening Biodiversity. 

Chapman and Hall, Cam-

bridge, 1: 171-175. Eight Fa-

ba Bean(Vicia faba 

L.)Genotypes.Asian1(2):66-76. 

Fahey J. W., Zhang Y., Talalay 

P.(1997). Broccoli sprouts: 

an exceptionally rich source 

of inducers of enzymes that 

protect against chemical car-

cinogens. Proc. Natl. Acad. 

Sci.U.S.A. 94, 10367–10372.  

Hadrys, H.; M. Balick and B. 

Schiewater (1992). Applica-

tion of random amplified 

polymorphic DNA (RAPD) 

in molecular ecology. Mol. 

Ecol., 1: 55-60. 

Janel L. Giovannelli, Mark W. 

Farnham and  Min Wang 

(2002). Development of Se-

quence Characterized Ampli-

fied Region Markers Linked 

to Downy Mildew Resistance 

in Broccoli. J. AMER. SOC. 

HORT. SCI. 127(4):597–

601. 

Jinguo Hu and Carlos F. Qui-

ros(1991).Identification of 

broccoli and cauliflower cultivars 

with RAPD markers. PLANT 

CELL 10(10)505-511. 

Kernodle, S. P.; R. E. Cannon 

and J. G. Scandalios (1993). 
Rapid and simple phage 

DNA isolation. Biotech-

niques, 14:360:362. 

Lindsay, D. G., & Astley, S. B. 

(2002):European research on 

the fundamental effects of di-

etary antioxidants. Molecular 

Aspects of Medicine, 23, 1–38. 

Liwang Liu, Guang Liu and 

Yiqin Gong (2007). Evalua-

tion of Genetic Purity of F1 

Hybrid Seeds in Cabbage 

with RAPD, ISSR, SRAP, 

and SSR Markers. 

Hortscience., 42: 724-727 

Martin, G. B.; J. G. K. Wil-

liams, and S. D. Tanksley 

(1991). Rapid identification 

of markers linked to a Pseu-

domonas resistance gene in 

tomato by using random pri-

mers and near-isogenic lines. 

Proc. Nat. Acad. Sci. USA, 

88: 2336-2340. 

Nei, M. and W. H. Li (1979). 
Mathematical model for stud-

ying genetic variation in terms 

of restriction endonucleases. 

Proc. Natl. Acad. Sci. USA., 

76: 5269-5273. 

Ovesna, J.; K. Polakova, and L. 

Leisova (2002). DNA anal-

yses and their application in 

plant breeding. Czech. J. 

Genet.Plant Breed.,38:29-40. 

Piola, F.; R. Rohr and P. 

Heizmann (1999). Rapid de-

tection of genetic variation 

within and among in vitro 

http://www.springerlink.com/content/?Author=Jinguo+Hu
http://www.springerlink.com/content/?Author=Carlos+F.+Quiros
http://www.springerlink.com/content/?Author=Carlos+F.+Quiros
http://hortsci.ashspublications.org/search?author1=Liwang+Liu&sortspec=date&submit=Submit
http://hortsci.ashspublications.org/search?author1=Guang+Liu&sortspec=date&submit=Submit
http://hortsci.ashspublications.org/search?author1=Yiqin+Gong&sortspec=date&submit=Submit


Mohamed.Abdalla et al 2012 

 08 

propagated cedar (Cedrus li-

bani Loudon) clones. Plant 

Science, 141: 159-163. 

Porebski S, Bailey L.G., Baum 

B.R. (1997). Modification of a 

CTAB DNA extraction proto-

col for plant scontaining high 

polysaccharides and polyphe-

nol component. Plant Molecu-

lar Biology Reporter 15, 8-15. 

Qin, Ying; Li, Hong-Ling; 

Guo,Yang-Dong (2007). 

High-frequency embryogen-

esis, regeneration of broccoli 

(Brassica 

oleracea var.italica) and 

analysis of genetic stability 

by RAPD. Scientia Horticul-

turae, 111:203-208. 

Williams, J. G. K.; A. R. Ku-

blik; K. J. Livak; J. A. Ra-

faliski and S. V. Tingey  

(1990). DNA polymorphisms 

amplified by arbitrary pri-

mers are useful as genetic 

markers. Nucleic Acids Res., 

18: 6531-6535. 

 

 

 

 

 

 

 

 



Assiut J. of Agric. Sci 43 2012( Special Issue)(1-18) 

 09 

 RAPD
 

جامعة اسيوط –كلية الزراعة  –قسم البساتين )خضر(   

markers

RAPD

93

1235.59

51.25

13

1999.99

11.16

RAPD

 


