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nin subunits (HMW-GS) and low molecular weight 
d their associations with 

 making and quality will contribute to genetically 
ving processing quality of bread wheats in Iraq. Six 
 wheat varieties (Tammuz, Aras, Rabia, Cham 4, 
 6 and Costantino) were conducted to detect the 

c variation at Glu-1 and Glu-3 loci by SDS-PAGE 
ophoresis and to understand their effects on dough 
rties. Important methods applied for the breeding of 
-quality wheat (Triticum aestivum L.) consist of 
-scale bread-quality tests for the determination of 
rain protein content, SDS-sedimentation volume, 
and kernel weight and kernel diameter. The 
and kernel weight and SDS-sedimentation volume 
ed relatively higher significant among the varieties, 
eas the flour yield showed no significance 
ence. The results of SDS-PAGE indicate that 
its/alleles 1 and null at Glu-A1, 7, 20 and 7+9 at 
1, 2+12 and 5+10 at Glu-D1, allele a at Glu-A3, 

s d and m at Glu-B3 and alleles j and k at Glu-D3 in 
 wheat varieties. The lowest frequency of subunit 
as found in variety Tammuz. On the other hand, 

ariety Tammuz showed the highest value of score 
ty and the varieties Cham 4 and Cham 6 had the 
t value of score quality. Genetic diversity of wheat 
valuated by constructing the dendrogram for high 
ular weight (HMW) and low molecular weight 
) gluten subunit bands.  

  المعالجةة ستسهم فيت الرغيف ونوعيصناعة مع ارتباطاتهاو  الكبيرة
 ستخدمت ا  و قد. العراقيف والحنطة الخبز نوعية لتحسين وراثيا
الفصل الكهربائي لهالم آبريتات دوديكل الصوديوم متعدد طريقة

 الصغييلجزيئا الوزن ذاتفصل جزيئات الغلوتينين ل ألآريالمايد
 Glu-1 فى المواقع األليالتتباين للكشف عن و الكبير ئيلجزيا والوزن

الحن اصناف  مختلفيف  العجين صفات علىتأثيرهاوفهم  Glu-3و  
هأان . آوستانتينو  و6  شام  ,4،  شام ربيعة ، راسآ تموز، :لناعمة
الجود اختبارات هي لحنطةا الخبز ونوعية دراسةل المتبعة ألساليب

حبة األلفوزن  ،  للبروتينلبروتين، حجم الترسباتتحديد محتوى ا
 بيمعنويةان النتائج برزت فروق . وقطر الحبة, الناتجلطحين 

 وحجم الترسباحبة األلف لوزن من الحنطة بالنسبةالصناف 
 بين االصناف بالنسبةمعنوي اتقوالفر يا لم تظهر حين يف، للبروتين
ف (Null) الغو 1 نليالألا  وجود لىوتشير النتائج إ .الناتجلطحين 

ليالألأ  وGlu-B1 موقع يف 9+7, 20 ,7ت ليالألا و Glu-A1 موقع 
lu-A3  موقعفي  a واألليل Glu-D1 موقع يف 10+5 و 12+2
-lu  موقعي ف k و j نواألليال Glu-B3  موقعي ف  m و d  نواألليال

D3 . تموز الصنفيف قط ف عليهاعثر 9+7  األليلوذوان الغلوتينين  .
ف  تصنيع الخبزيف للجودة  قيمة تموز أعلىالصنف ، اظهر المقابلي

تصني  فىلجودةل قيمة أدنى  6  وشام 4االصناف شام  طتأعحين 
 درس عالغلوتينينمن حيث  حنطة الوراثي للختالفاالآما ان  .لخبز

  .طريق  تكوين الرسم الشجري

 

(Sodium Dodecyl Sulfate Polyacrylamide Gel 
ophoresis). 

1. Introduction      * 

Wheat grain storage proteins are composed of 2 major 
fractions
high-
(LMW
GS) a

                                                

, gliadin and glutenin. Glutenin consists of both 
molecular-weight (HMW) and low-molecular weight 

) subunits. The HMW-glutenin subunits (HMW-
re encoded by Glu-A1, Glu-B1, and Glu- D1 on the 
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ayne et al., 1980). The LMW-glutenin subunits (LMW-
S) are encoded by Glu-A3, Glu-B3, and Glu-D3 on the

lutenin subunits were also classified into A (HMW-GS), 
 and C (LMW-GSs) subunits based on their mobility in
DS-PAGE analysis (Gupta et al., 1990). These glutenin
bunits are polymerized by intermolecular disulfide 

onds, which play a major role in the rheological 
roperties of wheat flour doughs. It has been shown that 
elic variations of HMW-GSs and LMW-GSs affect 

ough properties in various wheat cultivars (Gupta et al., 
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1991; Gupta et al., 1994; Khelifi et al., 1992; Nagamine et 
al., 2000; Payne et al., 1987a; Payne et al., 1987b). The 
HMW glutenins represents 5-10% of the total grain 
protein. The HMW glutenins are further subdivided into 
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2. Materials and Methods 
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origin of Tammuz, Aras and Rabia is Iraq while the origin 
of Cham 4 and Cham 6 is Syria (ICARDA). Costantino 
was used as a reference in this study. Cham 4 and Cham 6 
were introduced to Iraq by FAO (Food and Agriculture 
O
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c pairs on 1B and 1D and a single subunit on 1A and 
of these subunits influences wheat flour and dough 
ty. The role of individual LMW-GSs is, however, 
 less well characterized than that of HMW-GSs, 
se large numbers of the subunits display similar 

lities in SDS-PAGE analysis. 
hile the HMW glutenins are the major determinants 
ead quality, LMW glutenins and gliadins are also 
rtant. Genes encoding the LMW glutenins are present 
e short arm of chromosome 1A, 1B, and 1D.The 
 glutenins are one-third of the total seed protein and 
of the total glutenins. The HMW and the LMW 

nins form extensive disulphide linked polymers that 
nce the dough quality. The LMW glutenins form 
gates may be important for dough strength. The 
ine residues in the LMW structure helps to separate 
ifferent HMW polymer-building subunits. The chain 
ders (having two or more cysteine residue) allow the 
tion of stronger dough’s, while chain terminators 
the opposite effect (Greenfield et al., 1998; Masci et 
998). The chain extender proteins have increased 
th and stability due to the longer repetitive domains. 
polypeptides with single cysteine residue have 
ased dough strength and stability as they act as chain 
nators in the glutenin polymers. The reduction in 
rtion of LMW glutenins, results in dough properties 

ng towards greater strength due to an increase in the 
/LMW glutenin ratio (MacRitchie and Lafiandra 

; Lawerence et al., 1998). The increase in the 
eric proteins results in a stronger dough strength that 

od for bread quality. In contrast the dough mixing 
th is reduced in deletion lines missing the HMW 

nins. An increase in the amount of polymeric protein 
etter flour performance has also been demonstrated 

fi et al., 1995; Rogers et al., 1997; Lafiandra et al., 
). The use of registered crop varieties makes their 
itious identification important; its significance is 
sed by the diversity of varieties in many important 

. Each variety is characterized by a specific set of 
that determine its use. 
liadins and glutens are genetic markers allowing the 
itious and objective identification of a variety, 

mination of its genetic constitution, and determination 
me important characteristics and traits. Genetic 

sity is the basis for successful crop improvement and 
be estimated by different methods such as 

hological traits, end-use quality traits, and molecular 
ers (Fufa et al., 2005). The present study was 
taken to evaluate the quality and genetic diversity in 

n-subunits in six wheat varieties using SDS-PAGE. 

2.1. Plant Sample 

       Grains of wheat varieties were collected from the 
tment of Agriculture of Sulaimanyah. The bread 
t varieties (Tammuz, Aras, Rabia, Cham 4 and Cham 
wn, grown and harvested in the same location. The 

rganization) since 1997. 

.2. SDS-PAGE Electrophoresis 

.2.1. HMW-GS Extraction 

           The grain protein HM
using SDS-PAGE (sodium dodec
gel electrophoresis). The gra
fine powder and 20 mg was weighed in 1.5 ml microtube. 

ree hundred microliter of protein extraction buffer [
8.5% sample buffer (7% SDS, Tris-HCl 0.01 M (pH 6.8), 
0% glycerol, 0.001% Coomassie bleu), 5% 2-
ercaptoethanol] was added to each micro tube, kept 2 hr 
 room temperature (27°C) and centrifuged at 13000 rpm
r 10 min. The supernatant contains dissolved extracted

rotein HMW-GS ready for experiment purposes, which
uld be kept for longer time at 4°C. Before the loading of
mples on the SDS-PAGE gel, the samples were heated at

0°C for 20 min and then loaded on SDS-PAGE. The gel 
nsisted of a 15% separating gel (pH 8.4), beneath a 3%

acking gel (pH 6.8). Electrophoresis was carried out at
om temperature using a home-made vertical
ectrophoresis apparatus, and the running was performed
 15 mA/gel for 18 hours. After 18 hours, the gels were 
ained in 12.5% (w/v) trichloroacetic acid, 0.01% (w/v) 
oomassie Brilliant Blue R250 and distained with distilled
ater (Akhtar et al., 1994). 

.2.2. LMW-GS Extraction 

           The flour (20 mg
(v:v) propan-2-ol at 60°C fo

in at room temperature, then centrifuged at 13000 
m for 10 min. The residue was washed with 500 μl 50%

ropan-2-ol for 30 min at 60 ºC. After centrifuging at 
3000 rpm for 10 min, the supernatant was again
iscarded. This step to remove gliadins was repeated three 
mes. Glutenin was then solubilized with 500 μl of 
lution [50% (v:v) propan-2-ol, 0.08 M Tris-Hcl (pH 8.5),

0 mM dithiothretol] at 60°C for 30 min. The supernatant 
as diluted with 1 volume of solution [50% (v:v) propan-
-ol, 0.08 M Tris-HCl (pH 8.5), 40 mM 4-vinylpyridine], 
d incubated for 3 hr at 60°C.  Glutenin was precipitated

y 1 ml acetone and the dried pellet was solubilized in 200
l of buffer [7% SDS, Tris-HCl 0.01 M (pH 6.8), 30%
lycerol, 0.02% Bromophenol blue or 0.001% Coomassie
leu]. Finally, 30 µl samples were loaded into the slots of
DS-PAGE (Cherdouh et al., 2005). The gel consisted of a
5% separating gel (pH 8.4), beneath a 3% stacking gel
H 6.8). Electrophoresis was carried out at room
mperature using a home-made vertical electrophoresis 
paratus, and the running was performed at15 mA/gel for 

8 hours. After 18 hours, the gels were stained in 12.5%
/v) trichloroacetic acid, 0.01% (w/v) Coomassie

rilliant Blue R250 and distained with distilled water 
khtar et al., 1994). 

2.2.3. Two Dimensional Gels A-PAGE X SDS-PAGE 

         The two dimensional Acid-PAGE x SDS-PAGE
as performed by the protocol as described by Pagne et
., 1984. After the first dimension A-PAGE (Acid 
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polyacrylamide gel electrophoresis), the gels were cut into 
single strips and incubated for 15 min in 0.0625 M Tris-
HCl (pH 6.8), 2% (w/v) SDS, 40% (w/v) glycerol. The 
strips were then loaded onto a SDS-PAGE gel prepared as 
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ibed above. Gels were run at 40mA/gels at room 
erature and stopped 30 min after the tracking dye had 
ed the bottom of the gel. They were stained as 
ibed above. 

uantification of Protein 

rcentage of nitrogen was determined on 0.25 g of 
by the Dumas co

analyzer according to Approved 
2000) and reported as protein by N*6.25. (American 

ciation of Cereal Chemists. 2000 approved method of 
ACC, 9th ed. Method 38-12). 

DS-Test 

       Five ml of distilled water put in the cylinder and 
 of flour added to the cylinder.

closed and shaken 1
nd at the second minute; the cylinder was shaken 

 15 times (one per second). At the completion of 3 
nd 45 second, the cylinder again was shaken 15 times 
per second) and 5 ml of SDS/ lactic acid [20 g of SDS 
 of distilled water and 20 ml of mix (10 ml lactic acid 
and 80 ml of distilled water) was added to SDS 
on] added to cylinder and the cylinder was shaken 4 
. At the completion 6, 8 and 10 minute, the cylinder 
haken again 4 times. The volume of sediment read at 
mpletion 25 min. The value obtained is multiplied by 
 obtain a value of sedimentation volume compared 
100ml of solution. 

easurement of Quality Traits 

ousand Kernel Weight:
wheat grain by removing all dockage
broken seeds, and other foreign material. The samples 
(300 gram /variety) divided into five lots of 60 gram 
and  the number of seeds was calculated for each lot. 

• Length And Large Kernel Diameter: the diameter of 
kernel was calculated by taking several photos of five 
lots of each variety (10 gram/lot). The diameter was 
determinate by Image-J software. 

• Flour Yield: five lots of 60 gram of each variety were 
e hted before and after grinding. Thw ig e flour yield was 

measured by the difference between the weight of 
kernel before grinding and the weight of flour yield. 

2.6. Data Analysis 

Electrophoregrams fo
 (1) or absence (0) of each band noted. Presence 

bsence of bands were entered in a binary data matrix. 
(least significant difference) test was carried out 

 a statistical package SPSS-PC, version 15. UPGM 
eighted Pair Group Method with Arithmetic) used for 
ruct the dendrogram. 

cussion 

3.1. Characterization of Wheat Varieties by Quality 
Evaluation 

  Thousand kernel weight, length diameter kernel, 
r diameter kernel, protein content, SDS-Test and SDS 

ported between the kernel size and protein content
'Brien and Ronalds, 1984). The highest value for length 

ernel diameter was that of Tammuz, Aras and Rabia
hile Cham 4, Costantino and Cham 6 showed lower 
alue for length kernel diameter (Table 1). The varieties 
ham 4, Cham 6 and Tammuz had the highest values of
rger kernel diameter and Aras, Costantino and Rabia had 
e lowest values. The flour protein content ranged from 

.14 to 9.24 and Costantino showed the lowest value.
ccording to the SDS-test, the varieties were divided into
ve groups. The SDS-test of Tammuz was highly
gnificant than the rest of varieties. The variety Cham 4 
ad the lowest value of SDS-test suggesting poor insoluble
rotein content. The SDS-sedimentation volume correlated 
ith the amount of total HMWG subunits and individual 
MWG subunits. Some subunits were positively
rrelated, and the others were negatively correlated with
e sedimentation volume (Seilmeier et al., 1991). Carrillo
 al. (1990) reported that HMWG subunits had additives 
d epistatic effects on the SDS-sedimentation volume.

harrabti et al. (2003) studied the relationship between
me quality traits and yield of durum under different
nditions. 

.2. Characterization of Wheat Varieties by SDS-PAGE 

.2.1. Allelic 

The wheat varieties analyzed showed four different
HMW glutenin banding patterns (Table 2). The frequen

currence of HMW glutenin subunits with composition 
f 1 (50%), 7+9 (16.67%), 7 (50%), 20 (33.33%), 5+10
3.33%) and 2+10 (66.67%). Subunit 20 had different
fects on the functional properties in three subunits at the
lu-D1 allele. Subunit 20 with a background of subunits 
+12 had a smaller negative effect than subunits 5+10 and
bunits 2.2+12 (Kanenori et al., 2003). Subunits 17+18

ad higher values of functional properties than subunits
+9 with a background of subunits 2.2+12 (Kanenori et al.,
003). On the other hand, based on the analysis of various 
ltivars from several countries, Moonen et al., (1983)
ported that the Glu-A1b alleles exerted stronger effects

n the SDS sedimentation than Glu-A1a. 
          The varieties Tammuz, Aras and Costantino

ow sed the pre ence of allele 1 at the locus Glu-A1. On
e other hand, the varieties Rabia, Cham 4 and Cham 6
vealed the absence of allele at the locus Glu-A1 (Table

). All varieties showed the presence of alleles at locus
lu-B1. At Glu-B1, there are three types of alleles a, c, e 
, 7+9 and 20) (Tables 2 and 3). The SDS-PAGE analysis
owed two types of alleles at locus Glu-D1: a, d (5+10
d 2+12) (Tables 2 and 3). Figure 2 showed the two

imensional A-PAGE x SDS-PAGE maps of reduced and 
kylated glutenin from wheat varieties. The HMW-GS of
lutenin were identified easily (Figure 2). The results
nfirmed the significantly beneficial effects of the Glu-
1d on the dough and gluten strength (Tadashi et al.,
006). Kanenori et al. (2003) showed that the Glu-A1a and 
u-A1b alleles exerted similar effects on the gluten score. 
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Table 1. Thousand kernel weight, length kernel diameter, large 
kernel diameter, flour yield, flour protein content, SDS-
sedimentation volume and SDS index of wheat varieties. 

Figure 1. SDS-PAGE gel showing the HMW and LMW-GS 
glutenins of bread wheat varieties. 
1: Tammuz, 2: Aras, 3: Rabia, 4: Costantino, 5: Cham 4, 6: Cham 
6. re: 
al le: alleles encoded by Glu-
A

W 
glutenin  
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 Arrow head: alleles encoded by locus Glu-D3, arrow squa
leles encoded by Gl-B3, arrow circ 

TKW: Thousand kernel weight, LESD: Length kernel diameter, 
LASD: Large kernel diameter, FY: Flour yield, PC: Protein 
conten  SDS-test: Sedimentation Test, SDSi: Sedimentation 
Index.
differe

Table  
variet

3. 

From the electrophoretic spectra the individual HM
 subunits were determined and so Glu-quality

t,
Values shown by the same letter are not significantly 
nt (p=0.05) by LSD test. 

2. HMW subunits composition and quality score of wheat
ies.  

 was calculated (Table 2). The highest value of Glu-
ore was achieved by the variety Tammuz. On the other 

and, Cham 4 and Cham 6 showed the lowest value of
ore quality (Table 2). These results show that the variety
ammuz contains more of insoluble protein than others of 
arieties. The couple of subunits 5+10 is the good marker
r breading-making quality and the subunit 20 is the
arker for weak wheat quality (Payne and Lawrence 1983,
ayne et al., 1987a). HMW-GS may be used as a 
olecular marker of bread-making quality of wheat. The

erified correlations between bread-making quality and 
ecific HMW subunit of glutenin can be utilized by wheat

reeders using SDS-PAGE of proteins as a screening test 
r the prediction of breading-making quality of wheat. 
         Several electrophoretic techniques have been

pli   

Table 3. Allele’s composition at the Glu-1 loci of bread wheat 
varieties.  

ed to separate the subunits of glutenin in bread wheat
ltivars. The method proposed by Gupta and Shepherd
990) consists of a two-step, one-dimensional 
actionation by SDS-PAGE in which glutenin is reduced 
efore being loaded onto a gradient gel for the second step. 
 great number of bread wheat cultivars have been
alyzed by this method. Three different groups of 
ectrophoretic patterns were identified and attributed to 
enomes A, B and D. A similar approach was proposed by 
helifi and Branlard (1992) and Redealli et al., (1995). 
edealli  (1995) showed the fraction of HMW-GS and 
MW-GS of glutenin by one and two dimensional gels. 
he storage proteins of hexaploid wheat are important 
utritionally but, above all, because of the unique 
hesive-elastic properties they bestow on dough made 

om wheat flours. The HMW subunits of glutenin are 
nsidered to be the most important components with 
spect to the baking quality. Correlations have been 
tablished between particular HMW glutenin subunits and 

read-making quality of wheat (Payne et al., 1987a; Kriac
 al., 1997). 
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Figure 2. Two-dimensional A-PAGE x SDS-PAGE fractionation of HMW and LMW-GS from bread wheat varieties. a: Costantino, b: 
Tammuz, c: Rabia, d: Aras, e: Cham 6, f: Cham 4. 

 

3.2.2. Allelic Variation of LMW-GS Subunits at Glu-3 
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Table 4. Allele’s composition at the Gli-3 loci and LMW pattern 
of bread wheat varieties.  

 
the other hand, the profile of LMW subunit C divides 

the v  
A
Ch
PA
lo
en

w molecular weight glutenins are important becaus
tion in LMW-B glutenin decides the end use 

y. We studied the LMW-GS composition of the six 
 varieties by SDS-PAGE analysis. SDS-PAGE 
es of LMW glutenins showed five different LMW 
in subunits at Glu-3 loci (Figure 1, Table 4). The 

ences between the patterns were for mobility of 
. The LMW-5 is the most frequent type and the rest 
m are present only in one variety. We detected the B 
 subunit of LMW-GS in all varieties (Figure 1). The 

e C subunit of LMW-GS 
 higher mobility than B subunit of LMW-GS (Figure 
ch variety had 5-6 bands of LMW glutenin B and C 
its coded Glu-A3, Glu-B3 and Glu-D3 loci (Table 4). 
ame variations were detected in the LMW-Gs among 
rieties. According to the profile of LMW subunit B, 
rieties divided into four groups: group 1 contains 
uz, group 2 includes Rabia, group 3 contains Aras 
ostantino, group 4 includes Cham 4 and Cham 6. On  

arieties into five groups: group 1= Tammuz, group 2=
ras, group 3= Rabia, group 4= Costantino, group 5= 
am 4 and Cham 6. Several LMW subunits in the SDS-
GE patterns are not attributed to any specific Glu-3 

cus because of the overlapping between polypeptides 
coded by different alleles (Pogna et al., 1995). Low 
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molecular glutenin subunits are important in determining 
the dough viscoelastic properties of hexaploid and 
tetraploid wheat flours (Pogna et al., 1990). However, the 
basis of differences in effects of different low molecular 
weigh
unkno
the G
Glu-A
differ
both 
doug

3.3. G

In
HMW and LMW-GS was performed in order to analyze 

investigate 
genetic 
electr
differ
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To
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alignmen
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storag
PAGE
amon
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Aras 
Cham
the o
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HMW
2005
estim
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qualit

contr
the w
the v
high 
Ident

in Iraq may be useful for selection aims in breeding 
programs to determine the relationship between gluten 
visco-elastic properties. 

A

The author thanks the agriculture department of 
S ing the seeds and LNCV and Unità 
di ricerca per la maiscoltura,Via Stezzano, 24, Bergamo, 
Italy
su

R

A dean ML.1994. Characterization of the 1B/1R 
tr  extractable protein concentrate. 
E

A
m th ed. Method 38–12A Wet gluten, dry 
gl ican 
A

C e 
of ons of 
hi
tr
G

C . 
Th glutenin sub
po
cu

t subunits alleles on dough properties is still largely 
wn. Gupta and MacRitchie (1991) have shown that 
lu-A3m produces no major B subunit, whereas allele 
3a codes for the major B subunit. This allelic 

ence was found to be responsible for variation in 
the size distribution of the glutenin polymers and 

h strength. 

enetic Diversity among The Varieties 

 this study SDS-PAGE of grain storage proteins 

molecular weight of gluten subunits and 
diversity among different wheat varieties. The 

ophorogram showing proteins banding pattern of 
ent wheat varieties are given in Figures 1. A total of 
nds were obtained among which 12 bands were show 
tion but the other bands common in all varieties 
re 1). 
 investigate evolutionary relationships among the 
 wheat varieties according to HMW and LMW 
nin subunits

t of these varieties based on both HMW and 
-GS (Figure 3). Cluster analysis of wheat grain 
e proteins was performed on the results of SDS-
 using the software UPGMA to find out the diversity 

g the given wheat varieties. The Alignment indicated 
the phylogenetic tree was divided into three parts: 
 1= Cham 4, Cham 6, Rabia; group 2= Tammuz, 
and group 3= Costantino. The varieties Cham 4 and 
 6 showed more similarity than others varieties. On 

ther hand, Costantino showed more distance with the 
s varieties. Genetic diversity of European spelts 
t was evaluated by constructing the dendrogram for 
 and LMW glutenin subunit bands (Xueli et al., 

). Fufa et al. (2005) reported that the genetic diversity 
ates based on seed storage protein were lowest 
se they were the major determinants of end-use 
y, which is a highly selected trait. 

Figure 3. Dendrogram of bread wheat varieties showing the 
relatio d 
LMW-

In conclusion, the results showed that there was the 
significa
quali
HMW
whea

nship among the varieties based on SDS-PAGE-HMW an
GS. 

nt difference among the varieties for some of 
ty traits tested. The electrophorogram revealed that 

 subunit 7+9 which related with the strong quality of 
t for baking is less frequent in the varieties tested. In 
ast, HMW subunits 2+12 and 20 which related with 
eak quality for making of bread is more frequent in 
arieties tested. The LMW-B subunits revealed more 
level of polymorphisms than LMW-C subunits. 

ification of glutenin subunits in bread wheat varieties 
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tional waters represents a potential risk to public 
crocystin-LR (MC-LR) is a potent cyclic 

 للغاية 

peptide hepatotoxin produced by the blue-green 
Microcystis aeruginosa (M. aeruginosa). 

oprotectant studies suggest that membrane-active 
xidants may offer a protection against microcystin 
ty. The aim of this study is to investigate the 
tial benefits of dietary supplementation of silymarin 
tioxidant on microcystin toxicity in mouse livers. A 
 of Balb/c mice  was pre-treated for ten days with 
arin (extracted from milk thistle seeds collected 
local areas of north Jordan) (400 mg of silymarin 
ouse body weight given orally once a day for 10 

, before an intraperitoneal injection (i.p) with 200 
xin/kg mouse body weight of MC-LR (according to 
 value). Pre-treatment of mice with a single dose of 
arin, aflavonolignane (Silybum marianum L. 
in) completely abolished the lethal effects and 
cantly decreased the levels of serum enzymes,   
e aminotransferase (ALT), lactate dehydrogenase 
) and gamma glutamyl transferase (GGT), 

ition of Protein phosphatase (PP1) , level of 
lglyoxal (MG) and lipid peroxidation (LPO) as 
 amount induced by MC-LR. Therefore, silymarin 
ied as dietary supplement may have protective 
ts against chronic exposure to MC-LR. 

النوع من  يمتاز هذا. الشرب والري مشكلة صحية خطيرة
السموم بانه ذا سمية عالية الكفاءة وخاصة لنسيج الكبد خيث وجد انه 

ضافة الى ما يسببة من اورتلف نسيج الكبد بسرعة فائقة ا سبب
 هو عبارة عن ببتيد سباع السموم الطحلبية وهذا النوع من. سرطانية 

الخضراء والمسما-الزرقاء   يقوم بتكوينه نوع من الطحالب حلقي
باستخد وقد اثبتت الدراسات الخاصة. المايكروسستس اريجينوزا 

  بان مضادات االآسدةلغذائية التي تساعد في حماية االنسجة الحية 
ان هدف هذه الدراسة ه. في الحماية من هذا النوع من السموم  ساعد

استخدام مضادات االآسدة الغذائية آالسليمارين  لبحث عن امكانية
في المناطق الشمالية م لمستخلص من نبات حليب مريم الموجود

لق .  السموم  له هذهفي حماية آبد الفار من التلف الذي تسببه) لمملكة 
وتم اطعمها بمستخ Balb/cتم اخذ مجموعة من الفئران من نوع 

 ملغم لكل آغم من جسم الفأر ولمدة عشرة ايام 400لسليمارين بمقدار 
ومن ثم حقنها في اليوم الحادي عشر) يوميا ولمرة واحدة  مرة واحدة

 مايكروغر200الجلد بجرعة مقدارها  سموم المايكروسستين تحت
التي تم قياسها  ) LD50 وذلك نسبة الى قيمة( كل آغم من وزن الفار 

آل م ومن ثم تم قياس آفاءة السليمارين عن طريق قياس آمية
النزيمات االالنين ترانسفيريز ، الالآتيت ديهيدروجينيز والكلوتاميل

المثيوقياس آل من البروتين فوسفاتيز و. رانسفيريز في مصل الدم 
قياس آمية المالون ثنا(ومقدار اآسدة الليبيدات  آاليوآزاليز ،

وقد وجد في هذه الدراسة  .اللدهيد في مستخلص نسيج الكبد
يسببها هذا النو لسليمارين يتمتع بكفاءة عالية آمضاد لالآسدة التي

  .من السموم وبذلك يوفر الحماية المطلوبة لكبد الفأر من التلف
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Table 1.    Summary of results of the effect of silymarin supplementation on mice receiving single lethal dose of MC-LR 
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ceae) has been used in herbal  ليق)Smilax aspera(

sis of this plant resulted in the isolation of the 
ne trans-resveratrol.  The effects of this compound 
t isolated ileum and urinary bladder, blood pressure 
nflammation, and nociception in mice have been 
ined.  Resveratrol (3x10-5 -1x10-1 mg/ml; or 1.3x10-

4.4x10-4 M) caused a concentration-dependent 
tion in both ileal longitudinal segments and urinary 
er rings.  Intravenous doses of resveratrol (0.028- 
g/kg) caused a dose-dependent fall of systolic and 
lic blood pressure of anesthetized rats.  Oral 

nistration of this compound (1.3, 4.0. 13 and 40 
g) decreased carrageenan-induced paw edema in 
 Furthermore, oral administration of resveratrol (3, 
0 and 100 mg/kg) decreased the number of writhes 
ed by i.p. injection of 0.8% acetic-acid in mice. 
 effects of resveratrol and its potential as a 

cinal source were discussed in the light of the 
ted effects of resveratrol on nitric oxide and 
aglandin synthesis. 

 ، التي تنتمي للعائلة الزنبقية،

في هذا . رزفيراترول-الكيميائي لهذه النبتة إلى عزل مرآب ترانس
ية   اللفائفي والمثانة البوللبحث، درست تأثيرات رزفيراترول على

أحد. وعلى ضغط الدم وااللتهاب في الجرذ، وعلى األلم في الفأر
م/ ملغم1x  10-1 إلى x 10-5   3رزفيراترول بتراآيز تتراوح من 

انبساطًا معتمدًا عل)  جزيئيx  10 -4 4.4 إلى x 10-7 1.3تعادل (
انة البولية المعزولتيلترآيز في قطع اللفائفي الطولية وفي حلقات المث

وأحدثت جرعات من رزفيراترول حقنت بالوريد وتتراو. من الجرذ
آغم انخفاضًا معتمدًا على الترآيز في الضغ/ ملغم8.5 إلى 0.028ين 

آذلك، فإن جرعات ع. في الجرذان المخدرة النقباضي واالنبساطي
 مآغم/ ملغم 40، 13، 4، 1.3طريق الفم للجرذان مقدارها 

رزفيراترول قللت من حجم االستسقاء الناتج عن حقن مادة آراجيني
فضًال عن ذلك، فإن جرعات من رزفيراترول أعطي.  ي آف الجرذ

آغم  قللت م/ ملغم100، 30، 10، 3عن طريق الفم للفأر مقدارها 
من حام % 0.8عدد مرات التلوي بسبب األلم الناتج عن حقن 

تم مناقشة تأثيرات رزفيراترول هذه وآفا. لخليك داخل الصفاق
ستخدامه آمادة عالجية في ضؤ المعلومات المدونة عنه في األد
 .العلمي والمتعلقة  بتحرر حامض النتريك وتحرر البروستاغالندينات
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Smilax aspera is an 
rub that belongs to the Liliaceae family (Longo 

Vasapollo, 2006) and has been used in herbal 
cine for muscle relaxation, skin ailment, rheumatic 

depurative, diuretic, diaphoretic, antigout, dropsy, 
lant and for its tonic properties (Longo and 
ollo, 2006; Aburjai et al., 2007). S. aspera has also 
used traditionally for the treatment of syphilis 
ani and Garg, 2002), diabetes (Fukunaga et al., 

), rheumatism (Ageel et al., 1989), as an antioxidant 
o et al., 1998) and to treat symptoms of menopause 
men (Weil et al., 2000).  In fact, several species of 
enus Smilax are well-known Chinese traditional 

cines, and are used as anti-inflammatory, anticancer 
nalgesic agents (Shu et al., 2006).  Chemical and 
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pharmacological studies
geel et al., 1989; Ruan et al., 2005; Selenu et al., 

005; Xu et al., 2005; Longo and Vasapollo, 2006). In an
empt to isolate chemical ingredients from the local

milax aspera, we have been able to isolate the known 
ilbene trans-resveratrol.  

Resveratrol is a non flavonoid polyphenolic compound
und in a large number of plant species (at least 72
ecies), a number of which are human diet components, 
cluding mulberries, peanuts, grapes, and red wines
astra and Villegas, 2005).  Resveratrol has been 

roposed as an effective agent in the prevention of 
athologic processes such as inflammation, 
herosclerosis, oxidative stress and carcinogenesis 

iatello et al., 2005; Baur and Sinclair, 2006).  It has also 
een reported as neuroprotective, cardioprotective and to
odulate lipoprotein metabolism (Martin et al., 2004;
aur et al., 2006). The interest in resveratrol was rekindled 
ter reports that it extends life span in the yeast 

accharomyces cervisiae (Howitz et al., 2003) and the 
orm Caenorhabditis elegans  and the fruit fly Drosophila 
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melanogaster (Wood et al., 2004). In spite of reports to the 
contrary (Bass et al., 2007; Pearson et al., 2008), the 
debate on the biological effects of resveratrol continued to 
generate scientific interest (Valenzano et al., 2006). This 
comm
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unication is a contribution to evaluate other potential 
ts of resveratrol such as its effects on isolated smooth 
le preparations, blood pressure, and inflammation in 
nd on pain in mice.  

terials and Methods  

ct of Resveratrol on Isola
Bladder 

used. Animals were lightly anesthetized with ether, and 
then sacrificed

s for animals’ use in research. A mid piece of the 
 was excised, flushed with aerated physiological salt 
on (PSS) and cut into several pieces (1-2cm long 
 (Hammad and Abdalla, 1997). Urinary bladder was 
isolated, and cut into 2-3mm rings taken from the 
le region of the bladder (Khattab and Al-Hrasen, 
). The preparations were placed in 10-ml water-
ted glass tissue baths containing aerated PSS at 37oC 
gassed with a mixture of 95% O2- 5% CO2 and 
ted for isometric recording using force transducers 
s FTO3C) connected to a physiograph (Graphtec 
al Arraycorder, WR5000) under a tension of 1g 

alla  et al., 1994). 
fter an equilibration period, cumulative 
ntration-response curves of resveratrol were 

ed by addition of 3-fold increasing concentration 
veratrol. When the maximum response to resveratrol 
chieved, a strong non-specific relaxant agent (10-3 M 
erine HCl) was added to the tissue bath.  The 
nse to resveratrol was expressed as percent of the 
mum effect of papaverine (Onwukaeme et al., 1999).   

ffect of Resveratrol on Blood Pressure 

2

Male albino rats (250-350 gm body weig
anesthetized with sodium thiopental (50mg

i.p.).  The right common carotid artery was 
ed and a catheter was introduced for the recording of 
 pressure using P23AA Statham pressure transducer 
ed at the level of the heart and connected to a Gilson 
raph (Abdalla et al., 1994).  The right femoral vein 
also catheterized for intravenous injection of 

ratrol.  After a steady baseline of blood pressure was 
ed (about 15 minutes), resveratrol was injected 
enously in doses of 0.028, 0.085, 0.28, 0.85, 2.8, and 
g/kg body weight.  The changes in systolic and 
lic blood pressure were observed and expressed as 
nt of their respective control values obtained before 
ratrol injection. 

nti-Inflammatory Effec

Male albino rats, weighing 130-200 gm w
 were fasted for 24 hours before the beginning of 

xperiment with free access to water (Amanlou et al., 
).  Animals were divided into 6 groups each of eight 
als as follow:  

1. Control group: Received 0.9% NaCl.  

All doses were administered orally at a dose volume o
0.5ml/100 g animal
induced by plantar injection of 0.1ml of 1%
prepared carrageenan suspension in normal saline into

 hind paw of each rat. The paw volume was measured
efore (0 h) and at intervals of 1, 2, 3, 4, 5, and 6 hrs after
rrageenan using a plethysmometer (Type 7140 Ugo 
asile, Italy) (Wu et al., 2006).  

.4. Antinociceptive Effect of Resveratrol 

Male and female albino mice, weighing 20-30g were 
sed. Animals were deprived of 

to drinking water for 12 hours prior to 
ta-Lotufo et al., 2004). The animals were divided into

 groups each of eight animals as follows: 
 Control group: received 0.9% NaCl.  
 Four treated groups: received 3, 10, 30, and 100 mg/kg

of resveratrol. 
3. Positive control group: received 10 mg

indomethacin, a reference analgesic drug.  
Animals were 

minutes prior to i.p. injection with 0.1ml/10g bo
of 0.8% (v/v) acetic acid solution in 0.9% NaC

., 2003).  The number of writhes was counted during a 
0-min period following the injection of acetic acid.  A
rithe was defined as a contraction of the abdominal
uscles accompanied by an extension of the forelimbs and 
ongation of the body (Choi et al., 2005).  

.5. Solutions 

The composition of PSS in mM was: N
4.7; CaCl2.2H2O

; and glucose 11.1.  Trans-resveratrol was isolated
om Smilax aspera and was identified by comparison of
s spectral data with literature (Vitrac et al., 2005).  Stock 
lution of resveratrol was prepared daily by dissolving
sveratrol in minimal amount of 1N NaOH, the volume
as then completed to 1ml with 0.9% NaCl (final 
ncentration of NaOH was 0.075%).  Papaverine HCl
cros Organics, New Jersey) solution (10-1M) was 

repared by dissolving papaverine hydrochloride in 
istilled water.  Indomethacin (Sigma-Aldrich Chemie, 
ermany) was prepared by dissolving in 0.5% 
rboxymethylcellulose sodium. Carrageenan (Fluka 
iochemika, Switzerland) was prepared by dissolving 0.1 
 of carrageenan in 10 ml 0.9%NaCl. 

.6. Statistical Analysis 

Data are presented as
s (SEM).  One way-analysis of variance (ANOVA) 

d Student t-test for independent samples were used to
reen for differences between the means of the samples.
he differences were considered significant if P < 0.05.
he median effective concentration producing 50% of the 
aximum response (EC50) was calculated from the plot.
xperimental data were analyzed by a computer fitting
eatment using GraphPad Prism 5.0 software.  
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3. Results 

3.1. Effect of Resveratrol on Isolated Smooth Muscle 

Figure 1 shows that 3x10-5 -1x10-1 mg/ml resveratrol 
nt 

t isolated ileal longitudinal segments. 
The EC50 of resveratrol for relaxation of ileal longitudinal 
segme

resveratrol on rat isolated ileal longitudinal segments.  

Fi g/ml) 
cause rinary 
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resve
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Figure 2. Cumulative concentration-response curves of resveratrol 
on rat 
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Figure 3. Typical responses of blood pressure to intravenous 
injections of resveratrol in the doses indicated (A-F). A-F were 
obtained from the same preparation. The solid line above the 
tr

Figure 4. Dose-response curves of resveratrol on systolic (solid 
squares) and diastolic (solid triangles) blood pressure of 
an
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Preparations 

(=1.3x10-7 - 4.4x10-4 M), caused concentration-depende
relaxation in the ra

nts was (8.0 ± 2.3) x 10-3 mg/ml (n=4).  

aces is a reference baseline. 

Figure 1. Cumulative concentration- response curves of 

gure 2 shows that resveratrol (3x10-5 -1x10-1 m
d a concentration-dependent relaxation of the u

rings.  The maximum relaxation induced by 
ratrol reached (82.0 ± 4.1) % and (43.0 ± 6.5) % for 
longitudinal segments and urinary bladder rings, 

ctively.  respe

esthetized rats.  

doses did not reach the level of statistical sig
 to the control group.  At concentrations of 

 and 40 mg/kg, there was a significant decrease in the
ind paw volume, when compared to the control group.
he positive control group also showed reduction of the 
olume of the hind paw and this inhibition reached the 
vel of statistical significance 4, 5 and 6 hours after 
rrageenan administration. 

.4. Analgesic Effect of Resve

Figure 5 shows that resveratrol-t
se-dependent decrease in the number of writhes

unted in 30 minutes after injection of acetic acid.  The 
ighest reduction was obtained at a dose of 100 mg/kg
6.6 % of inhibition).  This effect is comparable to that 
duced by indomethacin (71.3 % of inhibition) albeit a

igher dose of resveratrol.  Other resveratrol-treated 
roups (3, 10, and 30 mg/kg) showed intermediate 
hibition values of 39.3 %, 54.0 %, and 56.6 %; 
spectively.  This inhibition in the number of writhes 
ached the level of statistical significance at all doses of 
sveratrol-treated groups. 

 

isolated urinary bladder rings.  

ive Effect of Resveratro

Intravenous injection of resveratrol at
28 to 8.5 mg/kg induced dose-dependent fall of 

systolic and diastolic blood pressure of the 
hetized rats (Figs. 3 and 4).  

3.3. Anti-Inflammatory Effect of Resveratrol 

Table 1 shows that resveratrol in doses of 1.3 and 4.0 
 caused an inhibition in the hind paw volume over 

although the decrease in the volume at these two  
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Table 1. Hind paw volumes in male rats observed over a period of six hours after oral administration of 0.9% NaCl, 1.3, 4, 13, and 40 mg/kg 
resveratrol, and indomethacin a.  

All values represent means of the volume ± SEM for 8experiments. 
*P < 0.05 compared to the control group. 
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Figure 5: Number of writhes induced by acetic acid in mice 
treated with: 0.9% NaCl (control), 3, 10, 30, and 100 mg
resver
is give
P < 0.

4. Discussion 

terest in the use of herbs and their 
bioactive
most 
availa
2006
is we
many

/kg 
atrol, and with 10 mg/kg indomethacin.  Number of writhes 
n as the means ± SEM of 8 animals. Asterisks indicate that 

05 compared to the control group (0.9% NaCl). 

The growing in
 compounds is attributed largely to the fact that 

herbs are relatively inexpensive and are easily 
ble, yet have fewer adverse effects (Kim et al., 

).  Smilax aspera, a member of the Liliaceae family, 
ll known for its medicinal uses and has been used for 
 disorders.  Many constituents have been isolated 
this plant including flavonoids, tannins, asperoside, 
enins, β-sitosterol and essential oils (Ayengar and 
aswami, 1967; Petricic and Radosevic, 1969; 
sche et al., 1974; Bruno et al., 1985; Long and 

pollo, 2006).  The current study on the whole plant 
ial of Smilax aspera yielded resveratrol (0.0067% 

) which has been isolated from the genus Smilax 
ously (Zhang et al., 2006). 
sveratrol has been proposed as an effective agent in 
prevention of pathologic processes such as 
mation, atherosclerosis, oxidative stress, and 

ecies, is satisfactorily absorbed from the intestine and
istributed in the blood stream and can be detected in 
gnificant concentrations in the blood and a number of 
rgans.  Little is known about the transport and the 
istribution of resveratrol through the body but it must be 
ound to proteins and/or be conjugated to remain at high 
ncentration in the serum as a consequence of its
latively low water solubility (Lastra and Villegas, 2005).
herefore, its pharmacological effects and its 
harmacokinetics are of paramount importance to human
ealth.  

.1. Resveratrol Spasmolytic Effects  

In the current study, resveratrol has been found 
concentration-dependent relaxation 

ngitudinal segments and urinary bladder rings.  This 
bservation is consistent with other studies which showed 
laxant effects for resveratrol on isolated smooth muscles 

reparations.  The relaxant effect of this compound was
ocumented in many vascular beds including rat aorta,
orcine coronary arteries, guinea pig mesenteric and 
terine arteries and sheep coronary arteries (Naderali et al., 
000; El-Mowafy, 2002; Slater et al., 2003; Campos-
oimil et al., 2005; Buluc and Demirel-Yelmaz, 2006
ing et al., 2006).   

The mechanism 
ced from the current experiments but observations 

ade by other workers are suggestive of such mechanism. 
 one hand, several studies showed that nitric oxide 
laxes ileum and urinary bladder via increasing cGMP 
nthesis (Hedlund, 2005; Gharib-Naseri et al., 2007) and 
at resveratrol relaxed endothelium-intact rat aortic rings
nstricted by phenylepherine and KCl via NO release
ing et al., 2006).  On the other hand, resveratrol 

imulates the endothelium-dependent vasorelaxation 
rough the stimulation of the NO/cGMP cascade in rat 
rtic rings (Fitzpatrick et al., 1993; Slater et al., 2003), 
d it was shown that resveratrol upregulates the 
C/cGMP system in coronary artery smooth muscle and to 
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trigger a vasorelaxant response (El-Mowafy, 2002).  The 
GC/cGMP system plays a key role in spasmolytic 
signaling mechanisms (Song et al., 2006).  NO, 
synthesized by the enzyme NO synthase, is released by 
perip
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heral nerves and mediates relaxant effect on vascular 
on-vascular smooth muscles (Capasso et al., 2004).  
roduces smooth muscle relaxation by activating the 
le guanylate cyclase (sGC) and thereby increasing 
 levels of cGMP, which in turn interacts with various 
ellular components that regulate activities of the 
actile proteins (Hedlund, 2005). Other effects of 
ratrol pertains to variable effects on Ca in various 
s and cells are also possible and may play a role in 
echanism of action of resveratrol (Buluc and 

rel-Yilmaz, 2006; Wang and Scherer, 2008). 

esveratrol Effect on Blood Pressure 

 this study, resveratrol was found to reduce arterial 
 pressure of anesthetized normotensive rats w

administered intravenously, indicating tha
ive effect.  Although one component of the effect 

veratrol on both systolic and diastolic pressure was 
ent, blood pressure, in general, did not return to the 
al baseline.  The present work is consistent with the 
t studies that demonstrated the effects of resveratrol 
ood pressure in various hypertensive rat models.  It 
een shown that resveratrol decreased systolic and 
lic blood pressure in ovariectomized rats (Li et al., 

), and in the partially nephroctomized rats (Liu et al., 
).  It is likely that the hypotensive effect of resveratrol 
 present study is due to an increase in NO production 
the vascular endothelium.  This suggestion stems 
the observations that resveratrol administration 

nted blood pressure elevation and reduced both 
lar and myocardial endothelial NO synthase (eNOS) 
y in fructose-fed rats (Miatello et al., 2005).  

over, resveratrol was shown to restore the eNOS 
ty in the rat aorta and to normalize blood pressure of 
ith modeled arterial hypertension (Gumanova et al., 

).  NO generated in endothelial cells by eNOS is 
n to play a major role in blood pressure control 
uz, 2006).  

esveratrol Effect on Inflammation 

Among the several models of acute 
carrageenan-induced inflammation has been well 

lished as a valid model to study free radicals 
ation in paw tissue after inflammatory states.  The 
ar and molecular mechanism of carrageenan-induced 
mation is well characterized, and this model of 
mation is a standard model to screen the anti-
matory activity of various experimental compounds 

i et al., 2002).  Carrageenan-induced edema is caused 
e release of a number of inflammatory mediators and 
itiated by dilation of arterioles and an eventual 
ase in permeability of postcapillary venules resulting 
udation of inflammatory cells and fluids at the site of 
.  Inhibition of this acute phase of inflammation will 

fore ultimately abort the inflammatory process 
iejua et al., 2002).  In this study, the edema induced 
 rat hind paw by carrageenan was maximal at the 6th 
of its plantar injection.  This time course of edema is 
stent with that reported by Zakaria et al., (2006) but 

owed that resveratrol caused a dose-dependent decrease 
 the rat hind paw volume and this inhibition was
atistically significant after 3h and 1h for doses of 
sveratrol of 13 and 40 mg/kg respectively.  This 

bservation is consistent with the finding that resveratrol 
olated from Smilax china in a dose of 0.2 mg/kg/day 
hibited the cotton pellet-induced granuloma in rats (Ruan 
 al., 2005).  Resveratrol has also a significant suppressive 
fect on hind paw edema induced by egg albumin in

ilateral adrenalectomized rats.  The anti-inflammatory 
fects of resveratrol was found independent of adrenal

land but might be related to inhibition of inflammatory 
ediators and free radicals (Liu et al., 2006).  Contrary to 

ur observation, another study failed to demonstrate any 
ti-inflammatory effect of resveratrol using the
rrageenan-induced paw edema model in which the
ministration of resveratrol at doses of 0.4, 2, 10, and 50
g/kg did not reverse the swelling and edema, although 
ey reversed the hyperalgesia induced by local tissue 
jury provoked by carrageenan (Gentilli et al., 2001).
his contradiction might be attributed to differences in the
ute of resveratrol administration (oral vs. i.p.), the time 

etween injection of resveratrol and injection of 
rrageenan (1hr vs. 30 min), differences in the instrument
ed for measurements (plethysmometer vs. 
algesiometer) and the parameter measured (paw volume 

s. paw circumference).   
Several possibilities could account for the anti-

flammatory effects of resveratrol: i) inhibition of
clooxygenase activity, since resveratrol has been shown
 inhibit the induced production of PGE2 in a dose-

ependent manner in human peripheral blood leukocytes
ichard et al., 2005), and it decreased significantly the 

evated levels of rat PGD2 in vivo.  In the in vitro and in
vo models, resveratrol decreased the expression of 
clooxygenase-2 (COX-2) (King et al., 2006). Because

OX-2 is the key enzyme catalyzing the rate-limiting step 
 PG biosynthesis, it is likely that at least part of the anti-
flammatory activity of resveratrol can be attributed to
hibition of COX-2 expression, ii) inhibition of the NO-

enerating pathway, since resveratrol has been shown to 
hibit both the generation of NO and the expression of
ducible nitric oxide synthase (iNOS) in activated
acrophages and in cultured cells (Tsai et al., 1999).  The 
pression of inducible isoform of NO synthase has been 

roposed as an important mediator of inflammation (Bilici
 al., 2002).  Resveratrol is known to inhibit the synthesis
d release of pro-inflammatory mediators, inducible nitric

xide synthase (iNOS) and COX-2 via its inhibitory
fects on nuclear factor – (kappa)B (NF- κB) (Sharma et 
., 2007a).  Tsai et al. (1999) showed that resveratrol

rotected against endotoxin-induced inflammation by 
reventing the NF- κB activation.  In addition, resveratrol 
as been shown to be a potent and specific inhibitor of
mor necrosis factor-α (TNF-α) and interleukin-1β (IL-
β) and consequently the induced NF-κB activation 
ulgenzi et al., 2001).  
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4.4. Resveratrol Analgesic Effects 

In this study, resveratrol was also shown to decrease 
the number of writhes in a dose-dependent manner.  We 
used the acetic acid-induced mice abdominal writhing 
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estigated the association of MnSOD gene  لجين 

t disorders among Jordanian females. MnSOD لجين 
yping assay was conducted among 81 Jordanian 
ipants including: 44 breast cancer patients, 19 
n breast patients and 18 healthy controls. In the 
t cancer group, MnSOD allele frequency for Ala 
al alleles was 41% and 59%, respectively, which is 

ar to the Caucasian population. The most common 
D genotype among all study groups is Ala/Val 

ype, while the Ala/Ala genotype was rare in benign 
t patients and controls and was completely absent in 
t cancer patients. Women with Ala/Val genotype 
at highly significant increased risk for breast cancer 
10, 95% CI=2.51-39.83), while Val/Val genotype 
orrelated to a significantly decreased risk for breast 
r (OR=0.125, 95% CI=0.03-0.5). On the other 
 the similar risks for benign breast diseases were 
gnificant. Larger sample is needed to support that 
D polymorphism may be involved in breast cancer 

opment and progression. 

لدى إناث أردنيات مصابات (MnSOD) يم التعداد الشكلي

 مع قابلية االصابه بسرطان  (MnSOD)الى دراسة إرتباط التعداد الشكلي
 للألنزتم تحديد الطراز الجيني. الثدي الخبيث والحميد على حد سواء

(MnSOD  9,  مريضه بسرطان الثدي الخبيث44 عينة  ضمت 81ل
آانت نسبة تكرا.  من اإلناث االصحاء18مريضه بسرطان الثدي الحميد و 

 أالنين و فالين في عينات الدراس(MnSOD)ألليلين الخاصين باألنزيم 
عوالتي هي اآثر قربا من الش, على التوالي% 59و % 41مجتمعة هي 

فالين هو االآثر شيوعا بين مجموعا/آان الطراز الجيني أالنين. لقوقازي
أالنين نادر االنتشار لدى اإلنا/بينما آان الطراز الجيني أالنين, لدراسه

ألصحاء و اإلناث المصابات بسرطان الثدي الحميد وغائبا تماما لد
الالتي يحملن الطرالقد وجد ان السيدات . لمصابات بسرطان الثدي الخبيث

فالين هن األآثر عرضة لالصابه بسرطان الثدي الخبيث بين/الجيني أالنين
فالين هن األقل عرضة لإلصاب/لسيدات الالتي يحملن الطراز الجيني فالين

أما قابلية االصابه بسرطان الثدي الحميد المرتبط. سرطان الثدي الخبيث
 آانت نوعا ما قريبة من احتمالية االصاب(MnSOD)الطراز الجيني ألنزيم 

استخلصت ه. سرطان الثدي الخبيث إال انها لم تكن ذات ارتباط معنوي مثلها
 بتطو(MnSOD)لدراسه الى تأييد احتمالية ضلوع التعداد الشكلي لجين 

       . سرطان الثدي الخبيث

 

ved

(MnSOD); Polymorphism; Reactive Oxygen Species 
   

1. Introduction      * 

Breast cancer is the second most common type of 
cancer a
of ca
Healt
is the 
(Jema
% of
of 50
every 
overa

                                                

fter lung cancer and the fifth most common cause 
ncer death among both sexes worldwide (World 
h Organization, 2006). Among women, breast cancer 
leader incident cancer and the second cause of death 
l et al., 2005). In Jordan, breast cancer amounts to 32 

 the total number of cancer patients, with an average 
0 females and 5 males diagnosed with breast cancer 
year, which is relatively high when compared to the 

ll size of the population (Al-Khatib, 2007). 
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Although benign breast conditions are not life-
threa t 
ar  
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se  
si  
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 of breast cancer is multifactorial, both 
horm
in
O  
re  
(W  
2
anesponding author. malaksofyan@yahoo.com. 

tening as breast cancer, benign lesions of the breas
e far more frequent than cancerous ones and can cause
rious physical symptoms, a financial burden for health
rvices and emotional problems for patients and families
nce certain benign conditions are linked with an
creased risk of developing breast cancer (Guray and 
ahin, 2006).  

The etiology
onal genetic and environmental factors are implicated 

 the pathogenesis of breast cancer (Russo et al., 2000). 
ne potential mechanistic basis for these factors is through
active oxygen species (ROS)-induced oxidative damage
ang et al., 2001; Mitrunen et al., 2001; Millikan et al.,

004; Cai et al., 2004; Mukhopadhyay et al., 2004 ; Waris 
d Ahsan, 2006). 
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The mitochondrial respiratory chain constitutes the 
main intracellular source of ROS in most tissues (Julio, 
2003), that makes the mitochondrial antioxidant defense 
“manganese-containing superoxide dismutase” liable to 
maintain
toxic
pinpo
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histopathologically diagnosed with breast cancer, the  age 
of these patients ranged  from 25 years to 75 years 
(mean=52.3 years). Another 19 blood samples (benign 
group) were optioned from Jordanian females who were 
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 the steady-state concentration of ROS at non-
 levels. Therefore, it would be advantageous to 
int the biological role of manganese superoxide 
tase (MnSOD) and its signification in cancer 

opment since there were many studies considered it 
umor suppressor gene (Mukhopadhyay et al., 2004).  
nSOD is encoded by a single gene, containing five 
 and located on chromosomal region 6q25.3. 
tly, a genetic variant of MnSOD was identified, a 
ine (T) to Cytosine (C) substitution in the 
hondrial targeting sequence, which changes the code 

e amino acid Valine from (GTT) to that of Alanine 
), leading to structural alteration in the enzyme 
rmation (Shimoda-Matsubayashi et al., 1996). This 
ion may affect the cellular allocation of MnSOD into 
hondria; therefore the enzyme could leave 
hondria without full defense against superoxide 
ls (Rosenblum et al., 1996). Sutton et al. (2003) 
rted that Alanine Ala allele of MnSOD allows more 

ent transport into mitochondrial matrix while 
D of Valine Val allele will be partially arrested in 

ner mitochondrial membrane. 
 date, several studies have examined the correlation 
en MnSOD polymorphism and breast cancer risk 
inconsistent results. Ambrosone et al. (1999), and 
nen et al. (2001) and Cai et al. (2004) reported that 
g an Ala allele increased the risk of breast cancer. In 
ast, Egan et al. (2003), Knight et al. (2004) and 
et et al. (2005) did not support such association. 
kan et al. (2004) and Tamimi et al. (2004) also did 
upport an overall association but they suggested that 

D polymorphism may modify breast cancer risk. 
there were no reports evaluated the association 
en MnSOD polymorphism and benign breast 
ers risks. So, the aim of this study is to screen 
D gene polymorphism among Jordanian breast 

r patients, benign breast patients and healthy women 
investigate the association between MnSOD 
orphism and risk of both breast cancer and benign 

t disorders. 

terials and Methods 

A total of 81 individ y. 
Std consent form was explained and provided to 

individual participated in this study for interview and 
les collection. All samples were collected from King 
ein Medical City (KHMC) in Amman, in the period 
en June 2007 and May 2008. 

ontrol group included 18 blood sa
Jordanian females without any history of breast 

r or previous benign breast problems, which were 
ted in the routine laboratory of KHMC. The age of 

 females ranged from 24 to 62 years (mean=40.1 
).  
st group included 44 blood samples (cancer group) 
ted from Jordanian female patients 

istopathologicaly diagnosed with benign breast diseases,
e age of these females ranged from 17 to 70 years 
ean=41.79 years).  

.2. MnSOD Genotyping 

Genomic DNA was extracted from whole blood 
mples, using Wizard

(Promega, USA). DNA 
accordance with the manufacturer’s instructions. 

MnSOD genotyping was conducted using polymerase 
ain reaction-restriction fragment length polymorphism 

CR-RFLP as described in (Cai et al., (2004) but with 
me modification. PCR amplification was carried out in a 
tal volume of 25 µl containing: 2 µl of genomic DNA, 

.8 µM of each primer (5'-
CCAGCAGGCAGCTGGCGCCGG-3' and 5'-
CGTTGATGTGAGGTTCCAG-3') (Alpha DNA,
ontreal), 8.5 µl of nuclease-free water and 12.5 µl of 2X

CR Master Mix (Fermentas, USA) containing: 0.05
nits/µl Taq DNA polymerase supplied in reaction buffer, 
 mM of MgCl2  and  0.4 mM of each dNTPs [dATP,
CTP, dGTP, dTTP]. PCR  was performed in thermal 
cler ( BIO-RAD, USA). The thermal profile involved
itial denaturation at 95 ˚C for 15 min, followed by 35 
cles of  denaturation (94 ˚C for 30s ), annealing (58˚C 
r 30s ), and extension ( 72 ˚C for 30s), and completed 
ith a final extension at 72˚C for 7 min. 

RFLP technique was accomplished to detect MnSOD
olymorphism using a restriction endonuclease enzyme

MIV (Promega, USA) which recognizes a short
ecific DNA sequence to cleave double-stranded DNA at 
ecific site within the recognition sequence. Restriction 
action was performed in a total volume of 20 µl
ntaining 11.8 µl nuclease-free water, 2 µl 10X 
striction enzyme buffer, 0.2 µl acetylated bovine serum 
bumin, 4 µl PCR product DNA and 2 µl (1 unit) of 
goMIV restriction enzyme. After mixing, the reaction
ixture was incubated at 37 ˚C for 4 hrs. Restricted 

roducts were electrophoresed on 4% agarose gel stained 
ith ethidium bromide at 100 v for 45 min and visualized 
nder UV. Fragment patterns specific for MnSOD
enotypes were: Ala/Val (18 bp, 89 bp and 107 bp) bands, 
al/Val (107 bp) band and Ala/Ala (18 bp and 89 bp) 
hich were no table in Figure (1).  

.3. Statistical Analysis 

atistical analysis wa
age for Social Sciences (SPSS 10.05; SPSS Inc,

hicago, IL, USA, 1999). Chi-square test was used to 
aluate case-control differences for MnSOD genotype 

istribution among different groups where statistical 
gnificance was set at P <0.05. The association between 
nSOD genotypes and the development of both malignant
d benign breast disorders was examined by calculating
e odds ratios (OR) and 95% confidence intervals (CI).  
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3. Results 

As shown in Table (1), Ala/Ala genotype of MnSOD 
was completely absent only in breast cancer group, and 
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common (41-55%) in the Caucasian population 
(Ambrosone et al., 1999). In this study, MnSOD 
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ely. While in control group, Ala/Ala genotype 
nts for 5.6% of control samples, and the difference 
en Val/Val and Ala/Val genotypes frequency was 

vely small (44.4% and 50%), respectively. The 
ype distribution was statistically significant when the 
r and control groups were compared.  
 benign group, the frequency of Ala/Val genotype 
%) was higher than in control group (50%). 
oximately, the frequency of Val/Val genotype in 
n group (21%) was half the frequency in control 
 (44.4%), and the frequency of Ala/Ala genotype was 
 in both groups. Differences of genotype distributions 
en benign and control groups did not reach statistical 
icance (P=0.302) as shown in Table (1). 
 addition, cancer group was compared to benign 
, most of cancer patients (90.9%) and benign patients 

%) appeared to have the Ala/Val genotype, w
was found in 9.1% of cancer patients and 21% of 

n patients. Although the Ala/Ala genotype was found 
% of benign patients and was absent in cancer group, 
distribution of genotypes was not significantly 
ent between cancer and benign groups (P=0.118). 
nSOD allele frequencies among each study group and 
g whole individuals participated in this study were 
lated using the formula described by Campbell 
). Val allele was the dominant allele among all 
s, the prevalence of Val allele was 55% among 
r group, 58% among benign group, and 69% among 
ol group. The frequency of Val allele in the whole 
 participants was 59% (Figure 2). 
e risk of breast cancer associated with MnSOD 
ypes was evaluated in this study. Fe

genotype had a 10-fold significant increase risk 
reast cancer development (OR=10, 95% CI=2.51-
), while a highly significant decreased risk for breast 
r was associated with Val/Val genotype (OR=0.125, 
CI=0.03-0.5). The risk for breast cancer development 
iated with Ala/Ala genotype could not be determined 
se the Ala/Ala genotype was not found in any breast 
r females. But using Chi-square test, there was no 
icant difference (P=0.115) between cancer patients 
ealthy controls with Ala/Ala genotype  (Table 2).  
n the other hand, non significant 2.8-fold increase risk 

nign breast diseases was associated with Ala/Val 
ype (OR=2.8, 95% CI=0.71-11.1). Also, there was no 
icant risk of benign breast diseases associated with 
r Val/Val genotype (OR=0.33, 95% CI=0.08-1.41) 
la/Ala genotype (OR=0.94, 95% CI=0.055-16.33) 

e 3). 

morphic alleles are widely variable with 
, the frequency for Ala allele is 12% among 

ese (Shimoda-Matsubayashi et al., 1996) and 14% 
g Chinese (Cai et al., 2004) , whereas it is more 

reast patients and 18 healthy controls, the frequency of 
la allele was 41%  (Figure 2) which is comparable to that 
 Caucasian population.  

 MnSOD genotyping revealed that Ala/Val genotype 
ad the highest frequency distribution for cancer group,
enign group and control group (90.9%, 73.7% and 50%),
spectively (Table 1). Frequency of MnSOD genotypes
as found to be significantly different between breast 
ncer patient and controls, where the Ala/Ala genotype 
as completely absent among breast cancer patient that
uld be due to ethnic variation. However, more 
vestigations and large sample will be needed to shed 
ditional light on the role of Ala/Ala genotype in the 
iology of breast cancer.  

Due to the absence of Ala/Ala genotype in breast 
ncer group, this study could not estimate the association 

etween Ala/Ala genoty
ever, the most remarkable breast cancer risk was 

sociated with Ala/Val genotype compared with Val/Val
enotype. A 10-fold significantly increased risk of breast 
ncer was found among women having the Ala/Val 

enotype, while women with the Val/Val genotype have a
gnificant decreased risk of developing breast cancer
able 2). This study also evaluated the risk of benign 

reast diseases associated with MnSOD polymorphism,
.8- fold increased risk of benign breast diseases was 
sociated with Ala/Val genotype, a decreased risk was 
sociated to Val/Val genotype and no association was 

bserved with Ala/Ala genotype, although none of these 
sks was significant (Table 3). 

Our results were in agreement with the findings of
mbrosone et al. (1999), Mitrun

(2004), which all based on that the Ala-containing 
nSOD is transported more efficiently through the
itochondrial membrane (Sutton et al., 2003), were 
plained by the possible highly active Ala-containing 
nSOD that could cause accumulation of H2O2 in 
itochondria at least in the absence of H2O2- scavenging 
zymes such as glutathione peroxidase and catalase, 
hich could lead to oxidative damage and consequently
ncer. Thus, it will be interesting to evaluate MnSOD 

enotype-activity relationship in order to explain such 
sults. 
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Figure 1. 4% agarose gel electrophoresis of selected 
genotyping assays. Lane M: 50 bp molecular weight 
ladder. Lanes 1,2,3,4,5,6,8 and 9 partially-digested 
samp
repres
samp
Ala/A
one 1

les showing three bands (107bp, 89bp and 18bp) 
enting  Ala/Val genotype. Lane 7: a fully-digested 

le showing two bands (89 bp and 18 bp) representing 
la genotype. Lane 10: undigested sample showing 
07 bp band representing Val/Val genotype.   

Figure 2. MnSOD allele frequencies among all study groups. 

Table 
patients, benign breast patients and control group. 

MnSO
n = 44 n = 19 

ntrol group
n =18 

1. Distribution of MnSOD genotypes among breast cancer 

D genotypes 
Cancer group Benign group co

Ala/Ala 0 1 ( 5.3 % ) 1 ( 5.6 % ) 

Val/Val 4 ( 9.1 % ) * 4 ( 21.0 % ) 8 ( 44.4 % ) 

Ala/Val 40 ( 90.9 % ) * 14 ( 73.7 % ) 9 ( 50.0 % ) 

Data presented as mbers of
*: P v fferences 

Table 

MnSOD genotypes P value odds ratios 

 nu  cases (percentage) 
alue < 0.05 for cancer patients versus control di

2. Risk of breast cancer associated with MnSOD genotypes. 

95% confidence 

intervals 

Ala/Ala 0.115   

Val/Val 0.001 0.125 0.03 - 0.50 

Ala/V 0.00 10 2.5al 0 0 - 39.83 

*: P v

Table 3. Risk of benign breast disease associated with MnSOD 
genotypes. 

MnSOD 95% confidence 

alue < 0.05 for gene polymorphism 

genotypes 
P value odds ratios 

intervals 

A 969 la/Ala 0. 0.94 0.055 - 16.33 

Val/Val 0.129 0.33 0.08 - 1.41 

Ala/Val 0.138 2.80 0.71 - 11.10 

*: P va  gene polymor  

R

Al-Khatib, S. 2007. Breast cancer. 1st Levant Breast Cancer 
Su is Oncology. Amman, Jordan.  

Ambrosone, C., B. Freudenheim, J. L., Thompson, P. A., 
Bo lin, 
R. nese superoxide 
di oxidants, 
an

C
Z
su reast cancer 
ri
R

Ca
B

E Moore, J. H. and 
A
in -
33

G
Teitelbaum, S. L. Eng, S. M. Terry, M. B. Bensen, J. T. 
S
20 t 
en
L 1225-34. 

G
C
11

Je afoor, 
A.
J 

Ju ondrial formation of reactive oxygen 
sp

K , H. Shi, E. J. Andrulis, I. L. 
an
br
R

M n, G. 
V
su st 
ca
A 4-
R

Mitrunen, K.
B  
be

lue < 0.05 for phism

eferences 

mmit. Novart

wman, E., Vena, J. E., Marshall, J. R., Graham, S., Laugh
, Nemoto, T. and Shields, P. G. 1999. Manga
smutase (MnSOD) genetic polymorphisms, dietary anti
d risk of breast cancer. Cancer Res., 59: 602-606. 

ai, Q. Shu, X. O. Wen, W. Cheng, J. R. Dai, Q. Gao, Y. T. and 
heng, W. 2004. Genetic polymorphism in the manganese 
peroxide dismutase gene, antioxidant intake, and B

sk: results from Shanghai breast cancer study. Breast Cancer 
es., 6: R647-R655. 

mpbell, N. A. 1996. Biology. Fourth edition. 
enjamin/Cummings Publishing Co., California. 

gan, K. M. Thompson, P. A. Titus-Ernstoff, L. 
mbrosone, C. B. 2003. MnSOD polymorphism and breast cancer 
 a population-based case-control study. Cancer Lett., 199(1):27
. 

audet, M. M. Gammon, M. D. Santella, R. M. Britton, J. A. 

chroeder, J. Olshan, A. F. Neugut, A. I. and Ambrosone, C. B. 
05. MnSOD Val-9Ala genotype, pro- and anti-oxidan
vironmental modifiers, and breast cancer among women on 

ong Island, New York. Cancer Causes Control, 16(10):

uray, M. and Sahin, A. A. 2006. Benign Breast Diseases: 
lassification, Diagnosis, and Management. The Oncologist, 
(5):435-449. 

mal, A. Murray, T. Ward, E. Samuels, A. Tiwari, R. C. Gh
 Feuer, E. J. and Thun, M. J. 2005. Cancer statistics. CA Cancer 

Clin,  55 (1): 10–30.  

lio, T. F. 2003. Mitoch
ecies. J Physiol., 552(2): 335-344. 

night, J. A. Onay, U. V. Wells, S. Li
d Ozcelik, H. 2004. Genetic variants of GPX1 and SOD2 and 
east cancer risk at the Ontario site of the Breast Cancer Family 
egistry. Cancer Epidemiol Biomarkers Prev., 13:146-149. 

illikan, R. C. Player, J. Cotret, A. R., Moorman, P. Pittma
annappagari, V. Tse, C. K. J. and Keku, T. 2004. Manganese 
peroxide dismutase Ala-9Val polymorphism and risk of brea
ncer in a population-based case–control study of African 
mericans and whites. Breast Cancer Res.earch, 6 (4):R26
274. 

 Silanpaa, P. Kataja, V. Eskelinen, M. Kosma, V. 
ennhamou, S. Uusitupa, M. and Hirvonen, A. 2001. Association
tween manganese superoxide dismutase (MnSOD) gene 



 © 2009 Jordan Journal of Biological Sciences. All rights reserved - Volume 2, Number 2  81

polymorphism and breast cancer risk. Carcinogenesis, 22:827-
829. 

Mukhopadhyay, S. Das, S. K. and Mukherjee, S. 2004. Expression 
of Mn-superoxide dismutase gene in nontumorigenic and 
tumor
Biomedicine and Biotechnology, 4 (2004):195–202. 

Rosen
polym ci., 
93:44

Russo,
cellula
Cance

Shimo
Nakag
Struct
the hum
eviden
transp
Bioch

Sutton, A. Khoury, H. Prip-Buus, C. Cepanec, C. Pessayre, D. and 
Degoul, F. 2003. The Ala16Val genetic dimorphism modulates 
the import of human manganese superoxide dismutase into rat 
liver mitochondria. Pharmacogenetics, 13:145-157. 

Ta
an
po
of ., 13(6):989-
99

W
T se 
al . 
J Natl Cancer Inst., 93:1818–1821. 

W
th
Jo

W   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

igenic human mammary epithelial cells. Journal of 

blum, J. Gilula, N. and Lerner, R. 1996. On signal sequence 
orphisms and diseases of distribution. Proc Natl Acad S

71-4473. 

 J. Hu, Y. F. Yang, X. Russo, I. H. 2000. Developmental 
r, and molecular basis of human breast cancer. J Natal 
r Inst Monogr,  27 : 17-37. 

da-Matsubayashi, S. Matsumine, H. Kobayashi, T. 
awa-Hattori, Y. Shimizu, Y. and Mizuno, Y. 1996. 
ural dimorphism in the mitochondrial targeting sequence in 

an manganese superoxide dismutase gene. A predictive 
ce for conformational change to influence mitochondrial 
ort and a study of allelic association in Parkinson’s disease. 
em. Biophys. Res. Commun., 226: 561–565. 

mimi, R. M. Hankinson, S. E. Spiegelman, D. Colditz, G. A. 
d Hunter, D. J. 2004. Manganese superoxide dismutase 
lymorphism, plasma antioxidants, cigarette smoking, and risk 
 breast cancer. Cancer Epidemiol Biomarkers Prev
6. 

ang, L. I. Miller, D. P. Sai, Y. Liu, G. Su, L. Wain, J. C. Lynch, 
. J., and Christiani D. C. 2001. Manganese superoxide dismuta
anine-to-valine polymorphism at codon 16 and lung cancer risk

aris, G. and Ahsan, H. 2006. Reactive oxygen species: role in 
e development of cancer and various chronic conditions. 
urnal of Carcinogenesis, 5:14-21. 

orld Health Organization, Fact sheet No. 297 "Cancer", 2006.



  

 

 

 

 

 

 

 

 

 

 



JJBS Volume 2, Number 2, June 2009
ISSN 1995-6673

Pages 83 - 88 

Jordan Journal of Biological Sciences 
 

Predicting Species Relative Abundance in Ecological 
Communities  

Nidal Oda nehd, 
Abdel Rahman M m Aladaileha 

 Departm dan 

dDepart n 

Abstract                                                                                                                                    الملخص                                

ta,*, Moh'd T. Moh'd Taleb Alodat b, Riyadh Muhaidatc, Faisal Abab
. Al-Tawahaa, Sale

aDepartment of Biological Sciences, Al-Hussein Bin Talal University, Jordan 

b ent of Statistics, cDepartment of Biological Sciences, Yarmouk University, Jor

ment of Mathematics and Statistics, Al-Hussein Bin Talal University, Jorda

                         

Ecologists are increasingly appreciating using statistical 
mode
their abundance and distribution due to their importance 
in bi
The a
that a
relati
on sm
the m
relati
comm
predi
are c
the ac
estim
unsur
is di
mana

عن  تمكنهم من التنبؤ ة نماذج احصائيباحثو علم البيئةغالبا ما يوظف 

ألهمية هذه المفاهيم في الحفاظ الحيوي والممارسات اإلدارية المرافقة 
ن ل

ير  ا
اد 

  ا
تم ا

ة 
ير 
ت 
ي 

 

© 2009 Jordan Journal of Biological Sciences. All rights reserved 

Keywords: Species Relative Abundance; Statistical Model, Biodiversity; Ecological 

ls to predict aspects of species ecology including 

ological conservation and management practices. 
im of this study is to propose a statistical model 
llows predicting previously unknown plant species 
ve abundance (SRA) in an unsurveyed region based 
all sub-samples of the whole community. We apply 
odel to a biodiversity data set which includes plant 

ve abundances collected from sub-samples of varied 
unities in central Europe. The results show that the 

cted plant relative abundances in unsurveyed sites 
lose in value to those in the known sites, reflecting 

curacy and the predictive power of the model in 
ating species relative abundance in previously 
veyd ecological sites. The importance of our model 
scussed in relation to conservation biology and 
gement. 

 نظرا وذلك مفاهيم تتعلق ببيئة الكائنات الحية بما فيها الوفرة واالنتشار

لتنبؤ عنموذجا إحصائيا يسمح با اقتراحتهدف هذه الدراسة إلى  .ها
لوفرة النسبية الغير معروفه أصال ألنواع نباتية معينة في منطقة غ
مدروسة سابقا وذلك باالعتماد على عينات مبسطة وممثلة لكافة أفر

لقد قمنا بتطبيق هذا النموذج. لمجتمع النباتي في تلك المنطقة
 تيوالإلحصائي على مجموعة من البيانات تتعلق بالتنوع النباتي 

 أظهرت نتائج الدراس.في أوروبا الوسطىمجتمعات نباتية جمعها من 
وجود تقارب بين قيم الوفرات النسبية المتنبأ عنها في المواقع الغ

تم,  في النهاية.مدروسة وتلك القيم المحصلة في المواقع المعروفة
يومناقشة أهمية هذا النموذج اإلحصائي من خالل عالقته بالحفاظ الح

 . والممارسات اإلدارية

 

Communities; Conservation Biology.

1. Introduction      * 
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The species relative abundan
ng the abundance of a given species divided by 

tal abundances of all other species in an ecological 
unity, is a fundamental description of an ecological 
unity (Ricklefs and Schluter 1993; Gaston and 

r, 1998). Although estimating the species relative 
ance is basic, yet it represents informative data for 

gists and conservation biologists (Gatson 2003). 
ologists use data of species relative abundance t

rmation about the mode of interaction and type of 
onship among different species in a given community 
ier and Guisan, 2006). Moreover, species relative 
ances data is used to perform population viability 

sis (Possingham, et al., 2001), and estimate 

 
* Corr

l., 2003). In 
conservation biolog
re
to
fr
fr
sp
1  
T

often interested in employing statistical 
mod  
sp
sp  
F  
m
o
p

al
ec

esponding author. odatnidal@hotmail.com. 

ecological disturbance (Regan, et a
y and management, information on 

lative abundances is of great importance, as for example, 
 study the impact of habitat disturbances, such as 
agmentation. It is well known that that disturbed and 
agmented habitats are usually dominated by a very few 
ecies compared to the undisturbed sites (Guisan, et al. 

999; Regan et al., 2003; IUCN, 2001; Guisan and
huiller, 2005).  

Ecologists are 
els to predict the occurrence and the distribution of

ecies due to their importance in conservation biology of 
ecies (Franklin, 1995; Guisan and Zimmermann, 2000;

errier, 2002; Zhang, 2007). Generally, these statistical
odels utilize correlations between data on species 

ccurrences, relative abundances, and environmental 
redictors (Franklin, 1995). 

In the present study, we develop a statistical model that 
lows predicting species relative abundance across 
ological communities. However, the model requires data 
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about the relative abundance of sub-samples collected 
from a given community. Predicting species relative 
abundance in unsurveyed communities is extremely likely, 
given a data set of species relative abundances of 
repre
availa
relati
centra
produ
Final
of ma

2. MA

2.1. Data  

el was based on a 
biodiversity project carried out in a plateau-like mountain 

Thuringian/Bavarian border in central 
Germany
annua
and a
1099 
comm
longi
latitu
mode
name
Trifo
odora
lanat
The s
almos
clima

2.2. T

Th dict previously 
nce of ten different plant 

species i
know
comm
comm

sentative sub-samples from various communities is 
ble. We apply the model to field data of plant species 

ve abundances collected in a biodiversity project in 
l Europe in which plant species diversity and plant 
ctivity have been investigated (Perner, et al., 2005). 

ly, we discuss the importance of the model in fields 
nagement and conservation biology   

TERIALS and METHODS 

The data used in the presented mod

range at the 
 with a maximum height of 870 m. Average 

l temperature in the area varies between 68F and 78F 
verage annual precipitation varies between 950 and 
mm (Perner, et al, 2005). The studied plant 

unities located between 11.018º and 11.638º eastern 
tudes and between 50.358º and 50.578º northern 
des, and were covering about one hectare. For the 
l we developed ten plant species were chosen, 
ly Dactylis glomerata, Taraxacum officinale, 
lium repens, Veronica chamaedrys, Anthoxanthum 
tum, Rumex acetosa, Ranunculus acris, Holcus 

us, Phleum pretense, and Campanula rotundifolia. 
pecies were collected from nine distinct sites that are 
t comparable with regard to elevation, edaphic and 
tic factors (Kahmen, et al., 2005). 

he Proposed Model 

e primary goal of our model is to pre
undetermined relative abunda

n unsurveyed site. Our prediction was based on 
n data collected from nine different sites within each 
unity. For the model parameters consider biological 
unities with a large number of species. Let 

nX,  be the species relative abundances drawn 
a random sample of n  size collected from a given 

gure 1). A species relative abundance is a 
ption of the abundance (number of individuals 
ed) for each species encountered within a 
unity. As such, it is one of the most basic 
ptions of an ecological Community (Ricklefs and 
ter, 1993; Gaston and Spicer, 1998). We assume that 
robability density function which represents that 
unity is )|(

X ,1 
from 
community (Fi
descri
observ
comm
descri
Schlu
the p
comm θxf , where θ  a parameter of interest 

e Bayesian statistics use the sample information in 
ion to our prior knowledge about 

is. Th
addit θ  to make 

tical inferences about the population. The prior 
ledge about 

statis
know θ  is given as a probability distribution 

),(θπ  say. We assume that the relative abundances for 
unity follow the power function density, i.e.,  species comm

 
         

 

where θ  represents the mean of the distribution,.i.e., 

θ  is the mean of relative abundances in whole 

community  a prior knowledge about. As θ , we assume 

u

that 

info

,)1(( 11 −− −= θθθπ  the Jeffery's no-

rmative prior. Using both sources of information, we 
pdate the density to the posterior density 

),()|(|(

)

)|(),, 11 θπθθθπ nXfX n XcfX  =        

where c is a normalizing constant. If Y  is the relative 
abundance of an un surveyed site in this community  
we can

, then
 predict Y  a

ean 
ccording to the predic  densi
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and the variance of the density 

),,|( 1 nXXy   are the prediction of f Y and its

ncertainty. Combining the power function observations
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and the prediction error = 
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All calculation and mathematical formula have been 
carried out with the help of the 
so

3.

s based on a biodiversity study 
conducted in C t 
sp
b
st
d
(p
th
p  
(P
th  
n
th  
co
in
v

dicting 
species relative abundance at a given community. Table 1 
shows the predictive relative abundances for the ten plant  

ftware package MATHEMATICA. 

 Results and Discussion 

The model in this study i
entral Europe (Germany) in which plan

ecies diversity, productivity and site characteristics have 
een investigated using multivariate statistics. In each 
udy site a 2x2 m plot was established and used to 
etermined plant cover, community biomass 
roductivity), and soil nutrients. The plant species within 
e 2x2 m plot were identified to the species level and the 

ercent cover of each species was estimated visually
erner, et al., 2005). This data was then used to calculate 
e relative abundance for each plant species as the

umber of plant of a particular species as a percentage of 
e total number of all plants of a given area or
mmunity. The plant communities in the study sites 
clude all associated plant species that form the natural 

egetation at each geographical site (Gaston, 2003). 
The model provides a statistical tool for pre
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Sample 1 

Sample X 
(Unsurveyed) 

Sample 2 

Sample 3  
 

Sample 4 
 

Figure 1. Hypothetical community with four known sub-samples (sample 1-4) and one unsuveyed sample.  

 

Table 1. The predictive relative abundances for the ten plant species used in the model and their prediction error values. The prediction er
was calculated according to equation 2 (see text) with the help of the software MATHEMATICA. 

 
 
 
 
 
 
 
 
 
 
 
 

species that are most common in the studied 
communities: (Dactylis glomerata, Taraxacum officinale, 
Trifolium repens, Veronica chamaedrys, Anthoxanthum 
odoratum, Rumex acetosa, Ranunculus acris, Holcus 
lanatus, Phleum pretense, and Campanula rotundifolia) 
which have been investigated in the present paper. The 
results show that the relative abundances for the species in 
the unsurveyed site are close in value to those in the 
known sites, reflecting the accuracy of our model in 
estimating species relative abundance ecological 
communities. Relative abundance and frequency of the 

predicted value for each plant species and for th
plant community from which each species has
sampled are illustrated in Figure 2. These results
that the predictive values for each species are loc
within the density of the relative abundance calcu
from the field data which may be suggest that our model is 
informative and comprehensive. To test the validity
model we used simulation test to manipulate the re
abundance of five plant species drawn randomly from
community and compared the results of simulation with
those obtained by our model. The results of the simu

Plant species Predicted  relative abundances Prediction error 

ror 

e whole 
 been 

 indicate 
ated 

lated 

 of the 
lative 
 each 

 
lation  

Dactylis glomerata 0.252 0.081 
Taraxacum officinale 0.221 0.076 

Trifolium repens 0.216 0.075 
Veronica chamaedrys 0.197 0.071 

Anthoxanthum 
odoratum 

0.273 0.085 

Rumex acetosa 0.203 0.073 
Ranunculus acris 0.153 0.060 
Holcus lanatus 0.209 0.074 

Phleum pretense 0.174 0.066 
Campanula 
rotundifolia 

0.150 0.059 
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Figure 2. His e relative abundances for the ten plant species (Dactylis glom ata, Taraxacum officinale, Trifolium repens, 
Veronica chamaedrys, Anthoxanthum odoratum, Rumex acetosa, Ranunculus acris, Holcus lanatus, Phleum pretense, and Campanula 
rotundifol es r

inc
each s
and o
result
close 
2). W
applic
biolog
specie

ju
di
di
sp
(G  
Re

 
lim
of

tograms of th er

ia). Lines are the theoretical density which represents the speci elative abundance in the whole plant community.   

ludes two estimates for the relative abundance of 
pecies (one estimate is based on the proposed model 
ne based on the simulation test). The simulation 

s reveal that the two values of each estimate are very 
reflecting the predicated power of the model (Table 
e propose that this model may have a wide range of 
ations, particularly in management practices and 
ical conservation. For instance, information on 
s relative abundance at a certain habitat can help us 

dge if that habitat is under human impact, such as 
sturbance and fragmentation. It is well known that
sturbed habitats are usually dominated by a very few 
ecies compared to the undisturbed, more diverse sites 
uisan, et al., 1999; Guisan and Zimmermann, 2000;
gan, et al., 2003; Guisan and Thuiller, 2005).   
The model presented in this study is rather simple and
ited to habitats of similar ecological conditions, in term 

 species composition and abiotic factors. Nevertheless,  
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Table 2. The species relative abundances of five selected plant 
species as derived from the model and from the simulation test.  

 
Plant species 

Relative 
abundance based 

on model 

Relative 
abundance based 

on simulation 
Anthoxanthum 

odoratum 
0.2796 0.2791 

Rumex acetosa 0.2071 0.2062 
Ranunculus acris 0.1532 0.1587 
Holcus lanatus 0.2132 0.2044 

Phleum pretense 0.2031 0.1820 

 
our results maybe suggest that statistical models open 

the door for testing a variety of hypotheses regarding 
species relative abundances of plant species. The model 
established here can further be employed to settle other 
fundamental research questions related specifically to 
effects of population structure, species spatial distribution 
pattern, and habitat patchiness (homogenous vs. 
heterogeneous) (Lichstein, et al., 2002; Holt, 2003; Reese, 
et al., 2005; Hoeting, et al., 2006). 

References 

[1] Ferrier S. 2002. Mapping spatial pattern in biodiversity for 
regional conservation planning: where to from here? Sys. 
Biol. 51: 331–363. 

[2] Ferrier S and Guisan A. 2006. Spatial modeling of 
biodiversity at the community level. J. Appl. Ecol. 43: 393–
404. 

[3] Franklin J. 1995. Predictive vegetation mapping: geographic 
modelling of  biospatial patterns in relation to 
environmental gradients. Prog. Phys. Geog. 19: 474–499.  

[4] Gaston K. 2003. The structure and dynamics of geographic 
ranges. Oxford University Press, Oxford. 

[5] Gaston KJ and Spicer VI. 1998. Biodiversity: an 
introduction. Blackwell Science, Oxford, UK. 

[6] Guisan A and Zimmermann NE. 2000. Predictive habitat 
distribution models in ecology. Ecol. Model. 135: 147–186. 

[7] [7]  Guisan A and Thuiller W. 2005. Predicting species 
distribution: offering  more than simple habitat 
models? Ecol. Lett. 8: 993–1009. 

[8] Guisan A, Weiss SB and Weiss AD.1999. GLM versus CCA 
spatial modeling of plant species distribution. Plant. Ecol. 
143: 107–122. 

[9] Hoeting JA, Davis RA, Merton AA and Thompson SE. 2006. 
Model selection for geostatistical models. Ecol. Appl. 16: 
87–98. 

[10] Holt RD. 2003. On the evolutionary ecology of species’ 
ranges. Evol. Ecol.  Res. 5: 159–178.  

[11] IUCN (2001) The IUCN Red List of Threatened Species. 3.1, 
Gland, Switzerland. 

[12] Kahmen A, Perner J, Audorff J, Weisser W and Buchmann 
N. 2005. Effects of plant diversity, community composition 
and environmental parameters on productivity in semi-
natural montane European grasslands.  Oecologia 142: 606-
615.  

[13] Lichstein, JW, Simons TR, Shriner SA, and Franzreb KE. 
2002. Spatial  autocorrelation and autoregressive models 
in ecology. Ecol. Monogr. 72(3):445-463. 

[14] Perner J, Wytrykush C, Kahmen A, Buchmann N, Egerer I, 
Creutzburg S,  Odat N, Audorff  V and Weisser WW. 
2005. Effects of plant diversity, plant  productivity and 
habitat parameters on arthropod abundance in montane 
 European grasslands. Ecography 28: 429–442. 

[15] Possingham HP, Lindenmayer DB and McCarthy MA. 2001. 
Population  Viability Analysis, Encyclopædia of 
Biodiversity. Academic Press, pp 831– 843. 

[16] Reese GC, Wilson KR, Hoeting JA and Flather CH. 2005. 
Factors affecting species distribution predictions: a 
simulation modeling experiment.  Ecol. Appl. 15: 554–
564.  

[17] Regan HM, Auld TD, Keith DA and Burgman M.A. 2003. 
The effects of fire and predators on the long-term persistence 
of an endangered shrub, Grevillea caleyi. Biol. Conserv. 109: 
73–83. 

[18] Ricklefs RE and Schluter D. 1993. Species diversity in 
ecological  communities: historical and geographical 
perspectives. University of Chicago Press, Chicago, Illinois, 
U.S.A 

[19] Zhang H. 2007. Inferences on the Number of Unseen Species 
and the Number  of Abundant/Rare Species. J. Appl. Statist. 
34: 725–740. 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 



  

 
 
 
 
 
 
 
 
 
 
 



JJBS Volume 2, Number 2, June 2009
ISSN 1995-6673

Pages 89 - 96 

Jordan Journal of Biological Sciences 
 

Genetic Relatedness among Wild and Cultivated Almond 
Genotypes Using Randomly Amplified Polymorphic DNA 

Abdul La

aThe Hashemite University, Dept. of Biology and  Biotechnology, Zarqa , Jordan  

cAl Hu

 

Abstract                                                                                                                                                             الملخص                                

(RAPD) Markers  in Jordan   

tief Ali Al-Ghzawia, Ibrahim M Rawashdehb,*, Abdel Rahman Al-Tawahac 

bNational Center for Agricultural Research and Extension (NCARE), Baq’a, Jordan  

ssein Bin Talal University, Department of Biological Sciences, Ma’an, Jordan 

Randomly amplified polymorphic DNA (RAPD) 
techn
between 16 almond cultivars (Prunus. Dulcis) grown at 
field 
genot
Five 
const
Simil
range
obtain
(0.50
the e
cultiv
the r
genot
numb
prime
relati

 صنف لوز 16لدراسة االرتباط الوراثي بين RAPD استخدمت تقنية

ات  حقول
ن 

 ا
ل ن

ف 
ع 
إن 
ح  ا

ل

 

© 2009 Jordan Journal of Biological Sciences. All rights reserved 

Keywords: Almond;  Jordan;  Polymorphism; Prunus; Dulcis; RAPD; Wild. 

ique was used to study the genetic relatedness  

gene bank (Al-M'shaqer Research Station), wild 
ypes and farmers' orchards genotypes in Jordan. 
primers showed polymorphic bands were used for 
ruction dendrogram and similarity matrix. 
arity values among the studied genotypes were 
d from 0.000 to 0.500. High similarity values were 
ed between the two sweet almond cultivars Fuksii 

0) and Tuono (0.480). RAPD analysis confirmed 
xistence of genetic variation among tested almond 
ars. Oja cultivar was the most distant compared to 
est of the cultivars, even, wild types and sweet 
ypes were grouped separately. Using a minimum 
er of samples with the most polymorphic RAPD 
rs was a key for having rapid results of genetic 

onships among almond genotypes.  

واألنواع البرية  ) محطة المشقر( المزروع في الحقل الوراثي
خمسة بادئات أظهرت باند. والمزروعة في المزارعين

قيم التشابه بي.متشعبة استخدمت لبناء الشجرة العنقودية والتشابه
أعلى قيم التشابه آانت بين%. 50 - صفرألنواع المدروسة آانت بين

إن التحلي% . 48وتونو %) 50(وعين من صنف اللوز فوسكي 
RAPDصن.  اثبت وجود اختالفات وراثية بين األنواع المدروسة

عوجا آان أآثر بعدا وراثيا مقارنة األصناف األخرى وآانت األنوا
.  عن بعضهمالبرية واألنواع الحلوة تجمعت في مجموعات مفصولة

ستخدام عدد قليل من العينات مع أآثر البادئات المتشعبة تعبر المفتا
  .لحصول على نتائج للعالقات الوراثية بين أنواع اللوز

 

1. Introduction      * 
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Almond [Prunus  dulcis 
us  Batsch]  which belongs to the subgenus 

dalus (Rosaceae, subfamily Prunoideae) (Martínez –
z et al., 2007), is characterized by its adaptability to 
nd semi arid regions.  Almonds have high nutritive 
, high lipid content with concentrated energy sources 
an be used in many food products.  (Ahrens et al., 

; Martínez –Gomَez et al., 2007), and it is widely 
n at the Mediterranean area including Jordan, Syria, 
y and Iraq. (Martins et al. 2004; Martínez –Gomَez et 
07). 

 
* Corr

Jordan, wild almonds (with small nuts, hard-shelled 
and  
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In 
bitter kernels) were grown at the high mountains.

ester et al. (1991) reported that the native almond species 
redominantly have bitter kernels because of high levels of
e glucoside amygdalin, and the forest department at
riculture ministry of Jordan was adopted the planting 
is type in order to become the source of seeds as well to 
ver the lands and protect the soil from erosion. 
oreover, it is used as a rootstock for sweet almond and 

each due to it’s high adaptability to drought and disease
sistance. Although, large numbers of almond native

enotypes in Jordan show attractive characteristics such as 
lor type, but most of the sweet cultivars were introduced

om other countries. Twenty four cultivars were planted
 Jordan, (during 1996), at Al-M'shaqer Research Station
 the field gene bank for research purposes (Al-Hmoud et
., 2006). 
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Traditionally, the identification and characterization of 
almond cultivars was based on morphological traits. 
However, such traits were not always available for 
analysis because of it’s highly environmental effect, and it 
may only
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2. Materials and Methods 

2.1. Plant Material 

llected from 16 almond cultivars 
grown a
Statio
unkn

(4ºC)

quality and quantity of genomic DNA were detected on 
agarose gel. Total cellular DNA was extracted, using 
procedure as described by (Doyle and Doyle, 1987), with 
minor modifications of chemical concentrations. 
A
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 ologonucleotides synthesized by 
eda, Calif.). The final volume of 
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3. Results 

From
re
W  
1

 be visible in adult materials (Martínez–Gomَez et 
007). In Lebanon, Talhouk et al. (2000) studied the 
typic diversity and morphological characterization of 
dalus species and found high genetic diversity of 
dalus communis L., Amygdalus korshinskyi Hand.-
, and Amygdalus orientalis Duh.  
olecular DNA markers have succeeded in 
guishing among accessions, clarifying synonyms, 
ifying mislabeled cultivars, establishing genetic 
arities or geographical origins and giving hints about 
rocess of domestication (Wünsch and Hormaza, 

). Morphological and biochemical studies were 
e to emphasis the relatedness due to their exposure to 
onmental influences. Therefore, the molecular marker 
iques have a great potential for studying the genetic 
tion and relatedness among targeted cultivars. Among 
 markers, RAPD has the ability to detect the genetic 
ion among numerous of plants and animals species. 
ain advantages of RAPD are: adequate for a primer 

ning of a large number of samples, rapid scanning of 
enome, higher band-sharing, greater number of loci 
ssay and less laborious test (Bara´nek et al., 2006 and 

et al., 1999). Wünsch and Hormaza, (2002) 
ioned that RAPD markers were used by several 
atories to identify genotypes of different temperate 
ree species. 
       MirAli and Nabulsi, (2003) and Shiran et al. 
) used RAPD technique to study the genetic 
ness among Syrian and Iranian almond cultivars, 

ctively. Moreover, Gouta et al. (2007) used RAPD 
ique and reported that the similarity values among 58 
d cultivars were ranged from 0.45 to 0.94. RAPD 

ers have been used to characterize Prunus rootstocks 
different species (Casas et al., 1999) such as studying 
enetic relationship among grapevine varieties (Vidal 
, 1999) and determining the diversity level among 24 
n pomegranate genotypes  (Sarkhosh et al., 2006). 

      Since no molecular information is available 
ding almond cultivars grown in Jordan. This study 
 at determining the genetic relationships among 16 

nd cultivars grown in the field gene bank at Al-
qer Research Station, farmers' orchards genotypes 

wild type genotypes using RAPD technique. The 
s of this study will be used for monitoring, 
gement and conservation of almond types in the 
. 

Fresh leaves were co
t the field gene bank of Al-M'shaqer Research 

n in Jordan, 23 genotype of farmers' orchards, 4 
own and 12 wild types (Table 1). 

2.2. DNA Isolation 

DNA was obtained after grounding the stored leaves 
 of almond samples in liquid nitrogen (-196ºC), the 

pproximately 18 to 20 mg of fresh and stored leaves 
ere ground and mixed with 750 µl of freshly and 
reheated 2x CTAB solution with 0.8g PVPP in 2ml tubes
en placed at 65ºC for 30 min. The mixture was 
corporated with 750 µl of chlorophorm/isoamyl alcohol 
4:1), vortexed for few seconds, and then centrifuged at 

4,000g for 20 min. The supernatant was placed in 2ml 
bes with 600ml isopropanol, and then shaked until the 
read of DNA was appeared, then centrifuged for 20 min
 14000g. The solution is poured in tubes and left to dry,
en 600 µl of cooled 70% ethanol was added to the
lution and placed in the refrigerator (–20ºC) overnight.
ext day, ethanol was poured in the dried tubes and 100µl
f TE was added and the whole mixture was placed at 
5ºC for 30min. Four microlitters of RNase (10mg/ml) 
ere added per tube and left for 45min at 37ºC. DNA
uantity was measured using S2100 UV/VIS DIODE-
rray-Spectrophotometer, machine Version 1.7. 

.3. PCR Amplification 

PCR reaction was performed as described by
et al. (1990) with 10-mer
Opern technologies (Alm
μl containing, 10x buffer, 20ng of total genomic DNA,

0 mM dNTPs, 100 µM of primers, 1.5Mm MgCl2 and 1U
f Taq polymerase. Amplification was carried out in
ermocycler (MJ Research model PCT-100), one cycle of

 min at 94°C followed by 44 cycles, each consisting of a 
enaturation step for 1min at 94°C, followed by an
nealing step for 1min at 36°C and an extension step for

 min at 72°C, followed by a further extension step for 5 
in at 72°C. After the final cycle the samples were cooled 
 4°C. Samples of 10 µl were analyzed by electrophoresis
n 1.4% agarose gel and the amplified products were
etected after staining by ethidium bromide. 

The RAPD-PCR product was detected in 1.4% agarose 
ixed with 0.5X TBE. Forty 10-m

sponding to kits A, B, C, N and Z by Operon
iotechnologies, were initially applied to the whole group 
f genotypes. Each primer was applied twice. Only 
peatable fragments with strong and medium intensity 
ere evaluated. 

.4. Data Analysis

RAPD polymorph
nt (0) and the estimation of similarity among all

cessions were calculated according to Ne and Li, (1979). 
he matrix of similarity was analyzed by the Unweighted
air-Group Method (UPGMA) and the dendrogram was
btained using SPSS, V. (11.0), software to estimate 
enetic similarities with the Jaccard’s coefficient. 

 40 initially applied primers, only 6 showed 
producible fragments with easily recordable fingerprints. 
hen screening all the 16 cultivars, 4 unknown genotypes,

6 sweet genotypes, 12 wild and (3 Awajee, one awajee,  
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Table 1. List of almond cultivars, wild genotypes and frames orchard genotypes grown in Jordan. 

Source Type/ name Source Type/ name 

Alaal- Irbid / farmer orchard 29-Wild Wadi Shouiab /Sult/ farmer orchard 1-Wild 
Samarwsan/ farmer orchard 30-Awajee Wadi Shouiab /Sult/ farmer orchard 2-Wild 
Samarwsan/ farmer orchard 3-Swe 31-Sweet Wadi Shouiab /Sult/ open fields et* 
Samarwsa  orchard Wadi Shouiab /Sult/ open fields 4-Sweet n/ farmer32-Sweet  
Samarwsan/ farmer orchard 33Wa5-Swe -Sweet di Shouiab /Sult/ open fields et 
S  amarwsan/ farmer orchard3Wa6-Swe 4-Sweet di Shouiab /Sult/ open fields et 
Samarwsan/ farmer orchard 3Wa7-Swe 5-Sweet di Shouiab /Sult/ open fields et 
Samarwsan/ farmer orchard 38-Flak 6-Sweet Ajloun/ farmer orchard ee 
Samarwsan/ farmer orchard 39-Wild 7-Sweet Ajloun/ farmer orchard  
Samarwsan/ farmer orchard 310-W 8-Sweet Ajloun/ farmer orchard ild 
Samarwsan/ farmer orchard 311-W 9-Sweet Ajloun/ farmer orchard ild 

F  4012-W ield gene bank Al-M'shaqer
Research Station /NCARE 

-Hamah Ajloun/ farmer orchard ild 

F  41-Sakhrah /  13-Un ield gene bank Al-M'shaqer
Research Station /NCARE 

Primorski  Ajloun/ farmer orchardknown 

Field gene bank Al-M'shaqer 
Research Station /NCARE 

42-Sakhrah /  14-Un Douma 1  Ajloun/ farmer orchardknown 

Field gene bank Al-M'shaqer 
Research Station /NCARE 

43Sakhr15-Un -Chellaston ah / Ajloun/ farmer orchard known 

Field gene bank Al-M'shaqer 
Research Station /NCARE 

4Jer16-Un 4-Douma 3 ash/ Balilah/forest reserve known 

Field gene bank Al-M'shaqer 
Research Station /NCARE 

45-Jer17-W Ne Plus Ultra ash/ Balilah/ forest reserve ild 

F r ield gene bank Al-M'shaqe
Research Station /NCARE 

46-SF121 Jeras18-W h/ Balilah/ forest reserve ild 

F r ield gene bank Al-M'shaqe
Research Station /NCARE 

4Jeras19-W 7- Shami fark h/ Balilah/ forest reserve ild 

F  48- Princesses Jerash/ Balilah/ forest reserve20-Wild ield gene bank Al-M'shaqer
Research Station /NCARE 

 

F  49-Jerash/ Balilah /forest reserve21-Wild ield gene bank Al-M'shaqer
Research Station /NCARE 

Ardshwar  

F r 50- Ardoma Koufrawn/ farmer orchard 22-Shami ield gene bank Al-M'shaqe
Research Station /NCARE 

F r 51-Dafadii Koufrawn/ farmer orchard 23-Awjah ield gene bank Al-M'shaqe
Research Station /NCARE 

F r 52-Texas koufrawn/ farmer orchard 24-Fark ield gene bank Al-M'shaqe
Research Station /NCARE 

F  53-Alaal- 25-Awajee ield gene bank Al-M'shaqer
Research Station /NCARE 

Fuksii Irbid/ farmer orchard  

Field gene bank Al-M'shaqer 
Research Station /NCARE 

54Alaa26-Aw -Tuono l- Irbid/ farmer orchard ajee 

Field gene bank Al-M'shaqer 
Research Station /NCARE 

55-Oja Alaa27-Sw l- Irbid/ farmer orchard eet 

------------------- ------- -- Alaa28-Sw --------l- Irbid/ farmer orchard eet 
* local na

Table eading of RAPD analysis. 

one Flakii, one Fark and one Shami cultivars, from 
farmers 
polym
analy
bands
maxi
depic
(Tabl
whol
polym
OPA
show

nservation and genetic study of almond species. 
R
p
2. 

he number of bands detected by each primer depends 
n p  

g  
b  
o  
b

 
(T

Pr mber of polymorphic bands % of polymorphism Max./ Min. band per 
primer 

me  

2.  Statistical r

 

orchids) five primers (12.5% of primers were 
orphic) shown polymorphism in the whole group 

sis. Total number of bands, number of polymorphic 
 and percent of polymorphism and 

mum/minimum number of bands per primer were 
ted by Table 2.  A total of 980 RAPD fragments 
e 2) and 176 bands of them were polymorphic in the 
e genotypes group and generating 14.2% 

orphism. Among the used primers, OPA05, OPA17, 
20, OPN14 and OPN16 with recognized fingerprints 
ed the best suitability for identification, management, 

epresentative amplification patterns resultant from 
rimer OPA20 and OPN16 shows at Figure 1 and Figure 

T
o

co

rimer, sequence and the extent of variation in specific
enotype (Shiran et al., 2007). Therefore, the number of
ands varied in different genotypes. In this study, number
f bands varied from one to ten bands with an average of 8
ands. 

High levels of similarity ranged between 0.500 to 0.000
able 3).  All almond cultivars were the most distant from  

imer name Total bands/primer Nu

OPA05 119 35 29 3/10 
OPA17 133 32 24 1/8 
OPA20 293 45 15 2/9 
OPN14 174 25 14 1/7 
OPN16 261 39 15 1/9 

Total b 980 Average : 35.2 Mean 9.4 and :   1  
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Figure 1. PCR-RAPD profiles generated from different genotypes of almond using primer OPA20. Lane 1: Wild ; lane 2: Wild ; lane 3: 
Sweet ; lane 4: Sweet; lane 5: Sweet;  lane 6 : Sweet; lane 7: Sweet; lane 8: Flakee; lane 9: Wild; lane10: Wild; lane11: Wild; lane12: Wild; 
lane 13: Unknown; lane 14: Unknown; lane 15: Wild; lane 16: Wild ; lane17: Wild; lane 18: Wild; lane 19: Wild; Lane M: 1kb ladder 
(Promega).  

 Figure 2. Agarose gel electrophoresis of DNA fragments amplified from different cultivars of almond using primer OPN16. Lane 1: 
Hamah; lane 2: Primorski; lane 3: Douma 1; lane 4: Chellaston; lane 5: Douma 3; lane 6: Ne Plus Ultra; lane 7: F121; lane 8: Shami fark; 
lane 9: Princesses; lane 10: Ardshwar; lane 11: Ardoma; lane 12: Dafadii; lane 13: Texas; lane 14: Fuksii; lane 15: Tuono; lane 16: O

: 1kb ladder (Promega).  

3. Highest and lowest similarity values among selected almond genotypes  grown in Jordan. 

ja; 
Lane M

Table 

Series No. ies 
o. 

Type Similarity 
value 

Type Similarity 
value 

Series 
No. 

Type Similarity 
value 

Ser
N

1W sweet 
26 awajee 

1 sw

0.
0.15
0.15

12W 15un
28sweet 0.

23  25 e 
27sweet  

 
 
 

ild 5 

1 eet 

267 
0 
8 

ild known 0.304 
280 

Awajee Awaje

29wild 
31sweet 
7sweet 

0.452 
0.343
0.360
0.276
0.303

2- Wild 21 wild 
34 sweet 

0.278 
0.206 

13Unknown 16unknown 
30awajee 

0.412 
0.222 

24Fark 
 

 
 
  

26Awajee 
29wild 
31sweet 

0.419
0.379
0.280

3- Sweet 4 sw

 sw
15unkn

0.33
0.269 
0.28
0.29

14Unknown 17wild 
18wild 

0.
0.

25Awajee 29wild  
 

 

eet 
5 sweet 
6 eet 

own 

3 

0 
2 

429 
200 33sweet 

31sweet 
45Ne Plus 

Ultra 

0.438
0.429
0.31 

00.00

4- Sweet 7sweet 
3sw
2sw

29w
5swe

0.433 
0.25
0.25
0.25
0.24

15Unknown 18wild 
48Pri

0.292 
0.
0.

26Awajee 27sweet 
 
 
 

3
3

eet 
eet 
ild 
et 

8 
0 
0 
2 

ncesses 
8 Flakee 

000 
241 

28sweet 
29wild 
24Fark 

0.368 
0.353
0.316
0.419

5 Sweet 11 sw
7 sw

33 sw

0.22
0.18
0.20

16Unknown 31sweet 
40
4

44D
45N
4
49

0.200 
0.
0.
0.
0.
0.
0.

27Sweet 26Awajee 0.368 
 
 
 

eet 
3 eet 

eet 

2 
9 
0 

Hamah 
1Roma 

ouma3 
ePlusUltra

8Princesses 
Ardshwar 

000 
000 
000 
000 
000 
000 

23Awajee 
28sweet 
27sweet 

0.347
0.263
0.222

6 Sweet 7 sweet 
2 w

15 un

0.393 
0.29
0.25

17W 14
13

43

0.
0.
0.
0.

28 Sweet 
 
 
 

1 ild 
known 

2 
0 

ild unknown 
unknown 
18wild 

Chellaston 

429 
412 
391 
000 

24Fark 
23awajee 
26awajee 
28sweet 

0.379 
0.364
0.353
0.200
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44Douma 3 0.000 31sweet 0.172 
7 Sweet 

 
 

33 sweet 
23 Oja 

25 awajee 

0.310 
0.303 
0.257 

18 Wild 19wild 
40Hamah 

43Chellaston 
44Douma 3 

17

0.333 
0.000 
0.000 
0.000 
0.

29Wild 25awajee 
31sweet 
33sweet 

43Chellas-ton 

0.438 
0.310 
0.250 
0.000 

wild 391 
8 Flakee 

 
16unk
13unk

0.33
0.23

19Wild 

5
18

0.
0.
0.
0.

30Awajee 31sweet 

41pr

 
 
 

n
nown 

own 3 
8 

2
46SF121 

1wild 

1Dafadii 
wild 

240 
000 
000 
333 

10wild 
36sweet 

imorski 

0.333
0.286
0.227
0.000 

9Wil
 

7
19

30Awajee 

0.29
0.00
0.250 

20 W 2
3

0.
0.

 

 
45NePlus Utra 

 
 
 

 

d 1 wild 
wild 

6 
0 

ild 1wild 
2sweet 

 

154 
135 

31Sweet 3 e0awaje
32sweet 

43Chellas-ton

0.333
0.320
0.000

 
0.000

10Wild 50Ar
30Awajee 
31sweet 
unk

0.00
0.286 
0.208 
0.20

21Wild 31sweet 
27sweet 

 

0.
0.211 

 

32Sweet 

35sweet 
45NePlus Ultra 

 
0.

 
 

doma 

16 nown 

0 

8 

241 31sweet 
33sweet 

0.320
296 

0.292
0.000

11 Wild 17w
26aw

0.26
0.23

22Shami 2
26Awajee 

 

0.
0.278 

 

33Sweet  

5 i 

 
 
 
 
 

ild 
ajee 

5 
8 

4Fark 236 25awajee
7sweet 
34sweet 
35sweet 
1Dafadi

0.429
0.310
0.269
0.154
0.000

Series No. Type Similarity 
value 

Series 
No. 

Type Simila ty 
value 

Series 
No. 

S
 

ri Type imilarity 
value

34Sweet 35sweet 
am

Ro
he

45Ne Plu

0.
0.
0.00
0.00
0.00

42Dou 43Ch
44Do
4
4

0.
0.

50  
34sweet 

1  

 
 
 

40H ah 
41

43C
ma 

llst-on 
s Ultra 

318 
000 

0 
0 
0 

ma 1 ellast. 
uma3 

7Shami 
0Hamah 

0.452 
0.400 

303 
345 

Ardoma 51 ii Dafad

53Fuksii 
10 wild 

3unknown

0.263 
0.257 
0.237
0.000
0.000

35Sweet 36
4

Rro
45Ne 

Ult
47Sh

48Princ
53F

22
00

0.00
0.00

 
0.00
0.000 
0.00

43Chellaston 44D
45Ne Plus 

1
17

0.
0.229 
0.
0.
0.

51Dafadii 53Fuksii  
 
 

sweet 0.
0Hamh 0.

41 ma 
Plus 
ra 
ami 
e
ksii 

sses 
u

7 
0 
0 
0 

0 

0 

ouma3 

55Oja 
2wild 

wild 

286 

225 
000 
000 

52Dafadii 
54Tuono 

0.306
0.297
0.294

36Sweet 30a

he
44D
50Ar
54Tu

22
0.00
0.00

00
00

0.00

44Douma3 45NePlus Ultra
47Sham
1

0.333 
0.
0.
0.
0.

52Texas 53Fuskii 0.424 

 
 

wa 0.jee 
ma 41Ro

43C llaston 
ouma3 
d

0.
0.oma 

ono 

7 
0 
0 
0 
0 
0 

iFark 
3 unknown 
17 wild 

265 
000 
000 
000 

54Tuono 
55Oja 

38sweet 

0.375 
0.324
0.000

 

37Sweet 38sw
rim

12

0.50
0.16
0.00

45NePlusUltr- 46SF121 
47S

0.
0.
0.

53Fuskii 54Tuono 0.
 

eet 
41P orski 

wild 

0 
7 
0 

a hamiFark 
55Oja 

250 
242 
257 

55Oja 
 

483 
0.297

 
38Sweet 43Chellaston 

H
52Te
12w

0.18
00

0.00
0.00

46SF121 48Pri  

50A
47S

0.
0.
0.
0.

54Tuono 55Oja 0.
 40 amah 0.

xas 
ild 

9 
0 
0 
0 

ncesses
54Tuono 

rdoma 
hamifark 

345 
367 
286 
345 

10wild 
250 

0.000

39Sweet 42Dou
o

40H
43Che

3s
22Sh

0.32
0.28
0.27
0.26

00
0.00

47ShamiFurk 48
49

0.
0.
0.

55Oja 52Texas 0.324 
 
 

ma 
44D uma3 

amah 
llaston 

wee 0.t 
ami 

4 
6 
3 
3 
0 
0 

Princesses 
Ardshwar 
52Texas 

345 
227 
215 

53Fuskii 
54Tuono 

0.297
0.250

40Ham ri

45Ne
34
12wi
17wi

0.46
0.39

34
00

0.00
0.00
0.00

48P 51
5
52

50
13

0.
0.
0.
0.
0.

ah 41P
44D

morski 
ouma3 

 Plus Ultra 
sw

0.
0.eet 

ld 
ld 

2 
3 
5 
0 
0 
0 
0 

rincesses Dafadii 
3Fuksii 

Texas 
Adoma 

unknown 

333 
323 
313 
236 
000 

-------- --------- --------- 

41Prim
45Ne

43Do
12 w

16 un
22 Sh
34 sw

0.41
34
 

0.29
0.00
0.00
0.00
0.00

49A 50
55

52
 

0.
0.
0.

 orski 42Rouma 3 
 Plus Ultra 0.

uma3 
ild 

known 
ami 
eet 

4 
5 

4 
0 
0 
0 
0 

rdshwar Ardoma 
Oja 

Texas 

225 
220 
195 

---------- ----------- --------
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the rest in the dendrogram. The highest average 
similarity index value among all varieties (0.48) was 
observed between Fuksii and Tuono. Most sweet 
genotypes showed high similarity values with each other 
(Table 3
amon
high 
which
two 
Flake
wild 
with 
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with 
genot
and 0.
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4. Discussion 

Knowledge of the genetic diversity and relationships 
among 
recog
germ
conse
2004
variat

indicated by the wide range of similarity index values 
generated by using RAPD markers between cultivars and 
genotypes. These findings agreed with results obtained by 
Shiran et al. (2007). Presence of genetic variability among 
te
d  
wi  
cu  
u
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), with value more than 0.172. On the other hand, 
g 5 unknown genotypes, only two of them showed 
similarity with sweet genotype (0.292 and 0.250) 
 could be confirmed that those are sweet genotypes, 

registered 0.238 and 0.333 similarity values with 
e variety, one unknown had 0.208 similarity with 
type. Sweet genotype showed high similarity values 
Awajee genotype (0.429, 0.368, 0.347, 0.364, 0.353 
0.438). Fark genotype had 0.419 similarity with 
i, Awajee showed 0.419 similarity with Awajee. 
r almond cultivars, Hamah showed 0.462 similarities 
Primorski and 0.000 similarity with sweet and wild 
ypes, Primorski had 0.414 similarity with Douma 3 
000 similarity value with Shami and sweet genotype. 
a 3 had 0.452 and 0.400 similarity with Chellaston 
ouma 3, respectively, and 0.000 similarity with wild. 
a 3 has 0.333 similarity with Ne Plus Ultra. SF 121 
.367 with Touno. Shami Fark had 0.345 similarity 
Princesses whereas, Princesses with Dafadii has 
 similarity value. Ardoma had 0.263 similarity with 
ii whereas Dafadii had 0.306 similarity with Fuskii, 
e former had 0.483 similarity with Fuskii. Oja had 
 similarity with Texas. However, there is no 
onship between almond cultivars, wild and unknown 
ypes. Based on the dendrogram, Oja was the most 
t followed by one sweet genotype. Moreover, a 
ogram can be divided arbitrarily into three main 
rs. 
e first cluster contained, 4 unknown genotypes, 16 

t genotype, 11 wild, 2 Awajee, one Oja, one Flakii, 
ark, one Shami cultivar. This was divided into three 
lusters, the first sub-cluster contained the most 
d genotypes (sweet-sweet genotype) with 0.500 
arity (Figure 3 and Table 3) two unknown, Flakii, 
ee, Sweet, Sweet, wild Sweet and Sweet). The second 
luster includes two unknown genotype, 5 wild 
ypes and one sweet genotype. The third sub-cluster 
 wild genotypes, one unknown, 10 sweet genotypes 
he following cultivars including Oja, 2 Awajee, Fark 
hami.  
e second major cluster contained only one wild 
ype. The third major cluster contains 16 cultivars 
er with the most related cultivars (Tolono and 

sia). The third major cluster was divided into three 
lusters, the first one contained Fuksii, Tuono, Texas, 
1, Princesses, Dafadii and Ardoma. While the second 
ncludes Shami Fark and Redshawer and the third one 
ined Roma, Chellaston, Duma 3, Hamah, Primorski, 
us Ultra, and Oja in addition to one sweet genotype. 

cultivated species of Prunus is important to 
nize it is gene pool in order to identify pitfalls in 
plasm collections, and to develop effective 
rvation and management strategies (Aradhya et al., 

). Present study showed a high level of genetic 
ion existed in Jordanian almond gene pool as 

sted genotypes lead to the suitability of RAPD for 
etermining genetic relationship either within cultivar or
th other genotypes. The relatedness of the studied
ltivars was efficient and good established through the

se of RAPD markers. 
Shiran et al. (2007) and Martinez-Gomez et al. (2003)

sed RAPD technique for almond and concluded that 
APD technique has the ability to discriminate between 
efied and Monagha almond cultivars. In the current

, wild types were clustered separately from other
ltivars which mean that wild types were not ancestor of 
ltivated almonds and could be belong to other sources 

ootstock); this result was supported by results obtained 
 Shiran et al. (2007). The lower similarity values and
ore divergence dendrogram branch points of wild species
d cultivars demonstrate the greater genetic variability of
ese plant materials.  

Wild almond species plays a socio-economical and
ological role as well they have been used for different

urposes by native p
ing of livestock or oil extraction (Zeinalabedini et al., 

007). In this study, wild species which is usually
nsidered as the origin of almond cultivars was found 
parately placed in one main cluster away from cultivars. 

ame results was observed by Shiran et al. (2007) who 
entioned that the two wild species of almond (P. 

rientalis and P. scoparia were clustered out of the rest of 
ltivars and genotypes. The presence of wild crop 
latives and the continuous flow of genes among and
ithin plant species determined the rise of new genetic 
ariability (Chessa and Nieddu, 2005). Considering the 
milarity matrixes values it is concluded that two varieties 
f Oja and Awajee were introduced from Syria are similar 
ased on the similarity value of 0.452 (Table 3 and Figure
). Because sweet genotypes were sub-grouped with

ajee, it is concluded that all sweet genotypes could be
wajee with wild ancestor. Present study showed that 
mond genotypes or cultivars with similarity values less
an 0.200 can be considered as genetically differs. 
owever, Shiran et al. (2007) reported that the accessions 
f almond showing at least 20% genetic differences from 
ch other may be regarded as distinct cultivars. The
sults obtained by RAPD indicated that this technique 
as efficient in detecting genetic similarities in almond. 
owever, the results obtained from this study help in 
anagement, collection, monitoring and conservation of 
rdanian almonds. Using techniques such as simple 
quence repeats (SSR) and amplified fragment length 

olymorphic DNA (AFLP) in further investigation. 

ntific Research and Graduate Studies at The 
ashemite University- Zarqa- Jordan. The authors would 
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Figure 3. A dendrogram among wild type genotype, farmers orchid genotypes and cultivars of almond by using five RAPD primers.
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Harboring icaABCD-Operon  
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The prevalence of adhesion (icaA and icaD) and toxin 
(tst, 
Staphylococcus aureus isolates. The icaA, icaD, eta, etb 
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eta, and etb) genes was studied in 100 clinical  

st genes were detected by PCR in 91%, 91%, 2%, 
nd 43% of the isolates, respectively. Various gene 
inations with the previously reported enterotoxin 
 (sea, sec, sei, seg and seh) were detected in 47 of 
isolates. These combinations fall into 3 groups: 
 I which includes one eta+sea containing isolate, 
 II which includes 25 (53.2%) isolates lacking tst 
but harboring icaA+icaD genes in 11 combinations 
the enterotoxin genes and group III which includes 
44.7%) isolates harboring icaA+icaD+tst in 7 
ent combinations with the enterotoxin genes. The 
minant gene combinations in group II and III 
es include seg + sei or seg of the enterotoxin gene 
r (egc). Furthermore, 20 isolates of group III have 
orresponding gene combination profiles of 20 
es of group II in addition to the tst gene. This could 
ributed to loss or acquisition of SaPI1 and/or SaPI2 
s which carry the tst gene. 
ominancy of SaPI1/SaPI2 and egc associated toxin 
 in the slimy isolates of S

   

stood in the context of pathogenicity functioning 
. This data would contribute to the control of 
zation and spread of these isolates in hospitals and 
unity at large. 

 عزلة سريرية من 100 في tst و eta و efbجينات السمية من فئات

icaA و etb و tst في العزالت عل% 43، 1، 2، 91، 91 بنسب
(PCR)عمال تقنية تفاعل انزيم البوليمريز المتسلسل لتوالي وذلك باست

آما ولوحظ وجود توليفات من جينات مختلفة مع تلك الموجودة ف
 عزلة من الم47  في seg, sei, sec, sea sehألدب العلمي من فئات 

المجموع.  مجموعات3وتقع هذه التوليفات في . لتي تمت دراستها
  والمجموعsea + eta واحدة تحوي الجينات ألولى والتي تشمل عزلة

  icaA إال أنها تحمل الجينات tst عزلة تفتقر للجين 25لثانية تشمل 
icaD توليفة من جينات السمية أما المجموعة الثال11 متمثله في 

 موزعة في سicaA  + icaD + tst عزلة تحمل جينات 21تشمل 
التوليفات السائدة في المجموعتين الثانأما . توليفات مع جينات السمية

  . egc من المجموعة الجينية السمية seg أو seg + seiوالثالثة فتشمل 
ضافة لذلك فإن عشرين عزلة من المجموعة الثالثة تحمل أنما
لتوليفات المعادلة في عشرين عزلة من المجموعة الثانية إضافة للج

ts .لى حمل أو فقد الجزر المرضية مويمكن أن نغزي ذلك إما ا
SaPI1 و أو SaPI2 التي تحمل جين tst .  

 ege وجينات السمية المرتبطة بحين SaPI2 و SaPI2ن سيادة جينات 
ي عزالت المكورات العنقودية الذهبية ا

سولجينات االمراضية الفاعلة ويمكننا القول بأن نتائج هذه الدراسة 
ساهم في السيطرة على التموضع وانتشار مثل هذه العزالت في بيئا

 .المستشفيات والمجتمع بصورة عامة

1. Introduction      * 

Staphylococcus aureus is an important pathogen 
causing 
(Arch
is attr
facto
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a variety of diseases in both human and animals 
er, 1998; Vasudevan et al., 2003). Its pathogenesis 
ibuted to combined effect of toxins and extracellular 

rs encoded by different genes. These include: 
antigens [enterotoxins (SEs), toxic shock syndrome 
-1 (TSST-1), exfoliative toxins (ETA and ETB)], 
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fibronectin, 
dition to proteins involved in biofilm formation (Baron 
 al., 1994; Palma et al., 1996, 1998; Becker et al., 1998;
ramton et al., 1999; Jarraud et al., 2001; Peacock et al.,
002; Cucarella et al., 2004; Fueyo et al., 2005).  

Biofilm formation requires production 
cellular poly-N-acetylglucosamine (PNAG) by 

aABCD-operon encoded enzymes (Cramton et al., 1999; 
itzpatrick et al., 2005a,b). The icaA gene encodes N-
etylglucosaminyltransferase which is involved in the
nthesis of N-acetylglucosamine oligomers from UDP-N-
etylglucosamine (Arciola et al., 2001a).  
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The icaD gene is involved in expression of N-
acetylglucosaminyltransferase (Gerke et al., 1998). S. 
aureus isolates harboring the ica gene cluster are 
responsible for chronic or persistent infections which can 
be more
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Table 1 shows the sequence and the quantity of primers, 
amplification conditions and anticipated sizes of PCR 
products for the tested genes. PCR amplifications were 
performed in a PE-9600 thermocycler (Perkin-Elmer) 
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Figure 1. Representative ethidium bromide-stained 1.5% agarose
gel analysis of PCR-amplified adhesion genes sequences. M, 100 
bp
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3. Results 

alence of intercellular adhesion and toxin 
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d  
p
p
1  
as  
w  
C

tst 
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 problematic due to the presence of antibiotic 
ance genes (Stewart and Costerton, 2001; Victoria et 
002). 
nce virulent S. aureus strains pose a real problem by 
asing healthcare cost worldwide, both in hospitals and 
mmunity (Costerton et al., 1999), these strains have 

identified in several countries in the quest of 
ing their spread (Omoe et al., 2002; Peacock et al., 

; Becker et al., 2003). In previous studies, the 
ence of the staphylococcal enterotoxin genes (sea-

nd seg-sej) was investigated in Jordanian clinical S. 
s isolates.  Only sea, sec, seg, sei and seh were 
ted in 15%, 4%, 37%, 24% and 4% of the total 
es, respectively (Naffa et al., 2006; El-Huneidi et al., 
). In this study, we followed the presence of toxic 
 syndrome (tst), exfoliative toxin (eta and etb), and 

adhesion (icaA and icaD) genes in the above 
ioned isolates. Targeting such additional genes 
des further epidemiological information on the 
enicity of the Jordanian isolates and their ability to 
biofilms. This information may also contribute to the 
ol of colonization and the spread of these isolates in 
rdanian hospitals and community. 

terials and Methods 

2.1. Bacterial Isolates.  

patients with invasive S. au
University Hospital (Al-Zu’bi, 2004), were 

ed in this study. All isolates were identified by 
emical tests (Daghistani et al., 2000).   
e following S. aureus reference strains were used as 
ve controls for the studied genes: CECT 

 positive) was kindly provided by the Spanish 
 Culture Collection (CECT); S. aureus E-1 (eta 
ve) and TY4 (etb positive) strains were kindly 
ded by Dr. Motoyuki Sugai, Graduate School of 
edical Sciences, Dept. of Bacteriology, Hiroshima 
ersity, Hiroshima-Japan; NCTC 11963 (tst positive) 
purchased from the National Collection of Type 
re (NCTC).  

lime-Production 

The phenotypic ability o
on was determined by cultivation on Congo red 

CRA) plates (Freeman et al., 1989; Montanaro et al., 
 Arciola et al., 2001a; Vasudevan et al., 2003; 
rella et al., 2004).  CRA plates were incubated for 24 
7oC and subsequently overnight at room temperature. 
 producing isolates form black colonies, whereas 
roducing isolates develop red colonies. The result 
onfirmed by amplification of icaA and icaD genes 

 the polymerase chain reaction technique (PCR). 

2.3. Detection of Adhesion and Toxin Genes 

Cell lysate of S. aureus (Van de Klundert and 
nthard, 1993) containing both chromosomal and 
id DNA was used in 25 µl of PCR reaction mixture. 

sing PCR Master Mix (Promega, USA). A positive PCR
ntrol containing cell lysate of a reference S. aureus and a 

egative PCR blank with nuclease free water instead of the 
ll lysate were included with each set of five reactions. 
fter amplification, 10µl of each PCR mixture was
alyzed in 1.5% agarose gel, and photographed using the
el documentation system (UVP, USA). 

.4. Statistical Analysis 

The correlation coefficient (r) between the slime
roducing isolates and the icaA and icaD

isolates was calculated us
ula. Test statistic was used to accept or reject the null 

ypothesis that there is a significant difference in 
revalence of corresponding gene combinations in isolates.
-value was calculated at 95% confidence interval using
ormal distribution tables.  p < 0.05 was considered 
atistically significant (Johnson and Bhattacharyya, 1996). 

 

 marker (Promega, USA); Lanes 1 and 3, icaA and icaD 
sitive PCR control (S. aureus CETC 975), respectively; Lane 2
d 4, icaA and icaD positive clinical isolate, respectively. 

The prev
s is presented in Table 2. Both icaA and icaD were 

etected in 91% of the clinical S. aureus isolates. The
ositive isolates produced 1315 bp and 381 bp PCR 
roducts, for the icaA and icaD genes, respectively (Figure 
). The presence of the icaA and icaD genes was positively
sociated with the slime production (r = 1). These genes
ere detected in all isolates that showed black colonies on
RA. 

The prevalence of gene in the clinical isolates was 
%. The tst positive isolates produced 180 bp PCR

roducts (Figure 2). Only 2% and 1% of the clinical 
olates were positive for the eta and etb genes, 
spectively. The eta and etb positive clinical isolates 

roduced 190 bp and 612 bp PCR products, respectively
igure 2). 
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Table 1. Primers, amplification conditions, primer concentration and anticipated sizes of PCR products for tested genes. 

m
La
co
po
po
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*Initial denaturation at 94oC for 2 min at the beginning of  PCR;  Final extension at 72o C for 10 min at the end of the cycles.  

 

Figure 2. Representative ethidium bromide-stained 1.5% agarose 
gel analysis of PCR-amplified toxin genes sequences. M, 50 bp 

arke
ne 
ntro
sitiv
sitiv

ble 
d to tes. 

r (Promega, USA); Lane 1, eta positive PCR control (E-1); 
2, eta positive clinical isolate; Lane 3, etb positive PCR 
l (TY4); Lane 4, etb positive clinical isolate; Lane 6, tst 
e PCR control (S. aureus NCTC 11963); Lanes 7, tst 
e clinical isolates; Lane 5, negative PCR blank. 

2. The prevalence and coexistence of adhesion (icaA, icaD) 
xin (tst, eta,  etb) genes in 100 clinical S. aureus isola

Genes No. (%) of positive isolates 

Single possession of 
genes:  

icaA 91 (91

icaD 91 

tst 43 

eta 2 

etb 1 (

Multiple possession of 
 

icaA + 91 (91

icaA + icaD + eta 1 (1) 

icaA + icaD + tst 42 (42) 
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corresponding combination profile in Group II isolates.  

4. Disc
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d
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and the etb harboring isolates did not show any
icaA or icaD genes (Table 2).  

 of the eta, 

Gene combination with the previously studied
enter
1  
w  
g  
co  
is  
in
ic

otoxin genes (sea, sec, seg, seh and sei) of the same 
00 isolates (El-Huneidi et al., 2006; Naffa et al., 2006)
as observed in 47 clinical isolates which fall into three
roups (Table 3). These groups differ in the profile of gene
mbinations. Group I includes one eta + sea containing

olate which lacks icaA, icaD and tst genes. Group II
cludes 25 (53.2%) isolates lacking tst gene but harboring 
aA + icaD genes in 11 different combinations with the 
terotoxin genes. Group III includes 21(44.7%) isolates

arboring icaA + icaD + tst in 7 different combinations
ith the enterotoxin genes. Interestingly, 20 isolates of 
roup III (gene combination number 1-6) have the 
rresponding gene combination profiles of 20 isolates of

roup II (gene combination number 1-6) in addition to the
 gene. Only one isolate of Group III (gene combination

umber 7) does not have corresponding gene combination
 Group II isolates. The most frequent (17%) gene 
mbination profile was detected in group II isolates. 

here was no significant difference (p > 0.05) between the 
revalence of this combination and the corresponding one
.5 %) in group III isolates harboring the additional tst

ene. The second frequent (12.8%) combination profile 
as detected in group III isolates.  There was no 
gnificant difference (p > 0.05) between the prevalence of 
is combination and its corresponding one in group II 
olates, which represents the third frequent (10.6%) 
mbination. Similarly, there was no significant difference
 > 0.05) between the prevalence of other combination

rofiles in group II isolates and their corresponding ones in
roup III isolates. A limited number of group II isolates 
ene combination number 7-11) do not have 
rresponding combination profile in Group III isolates.
n the other hand, only one isolate in group III harboring
aA + icaD + tst + enterotoxin genes and does not ha

existence of the studied adhesion and toxin 
 in the S. aureus isolates is shown in Table 2. All 
es harboring the icaA gene were also harboring icaD 
 Only one eta containing isolate was positive for icaA 
caD genes. Most of the tst containing isolates (42/43) 

positive for icaA and icaD genes. None of the 
es that contained eta or etb were positive for tst gene 

ussion 

This study presents an analysis of some virulence 
eterminants in 100 clinical S. aureus isolates. It
emonstrates the existence of the chromosomal icaA and 
aD genes in 91% of S. aureus isolates. The coexistence
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of these genes is correlated with slime production on 
Congo red agar in 91 % of S. aureus isolates. The high 
prevalence of these genes is consistent with that reported 
by other investigators (Montanaro et al., 1999; Ando et al., 
2004
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acquisition of these islands could be the mechanism that 
contributes to the appearance of these groups of isolates. 
Transduction of SaPI1 and SaPI2 by helper phages was 
demonstrated (Lindsay et al., 1998; Ruzin et al., 2001). In 
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w positive) and TY4 (etb positive) S. 
aureus  

; Peacock et al., 2002; Ando et al., 2004) and 
asizes the implication of these genes as virulence 
ers in biofilm formation. Both icaA and icaD genes 
volved in formation of the capsular polysaccharide 
lso allows the bacteria to escape the immune system 
ton et al., 1999; Arciola et al., 2001a, b; Vasudevan 

, 2003; Ando et al., 2004). However, the failure in 
 production by 9% of S. aureus isolates might not 
t formation of the biofilm, if yet unidentified ica-
endent mechanisms of biofilm formation or a 
nce determinant analogous to Biofilms Associated 
in (BAP) exists in these isolates. BAP is a surface 
in and was detected in 5% of bovine mastitis S. 
s isolates (Cucarella et al., 2004). This protein 
otes both primary attachment to inert surfaces and 
ellular adhesion and is sufficient to induce biofilm 
ction on abiotic surfaces when the ica locus product 
ent (Cucarella et al., 2004).  
 this report, few clinical isolates

ve toxins genes (eta and etb). Therefore, screening 
ese genes in larger samples is necessary to give better 

ation about the prevalence of such genes. The low 
ency of these genes is in agreement with the results of 
 investigators, where Mehrotra et al. (2000) found 
one of the 107 Canadian nasal isolates were positive 

oth eta and etb while the three clinical isolates were 
ve for both eta and etb. In Germany, 0.5% of the 
 isolates were eta positive and none were etb 
ve, while 1.9%  and 1% of the nasal isolates were eta 
tb positive, respectively (Becker et al., 2003). The 
d distribution of these genes suggested that certain 
es acquired the genes by horizontal gene transfer 
gh plasmids or temperate bacteriophages. The etb 
is located on large plasmids while eta gene is carried 
e genome of a temperate phage integrated in the S. 
s genome (Yamaguchi et al., 2001). 

lts of this study showed a high prevalence (43%) 
in the clinical isolates (Table 2) which could be 

lated with the transfer of this gene at high frequency 
re and Lindsay, 2001). Similar prevalence (40%) of 
as reported in methicillin-susceptible S. aureus 
A) at the University Hospital in Magdeburg, 
any (Layer et al., 2006). Higher prevalence (72.5%) 
detected in Japanese clinical isolates (Ando et al., 
). Lower prevalence was detected in German blood 
%) and nasal isolates (22.4%) (Becker et al., 2003), 
h nasal isolates (10.5%) (Bania et al., 2006), German 
al isolates (15.5%) (Akineden et al., 2001), and other 
al isolates (26.7%) from different countries (Smyth et 
005). Most (42/43) Jordanian tst positive isolates are 
 formers (Table 2) and 50% (21/42) of these isolates 
in various combinations of enterotoxin genes (Table 
e profile of gene combination (number 1-6) in 20 tst 

ve isolates (group III, Table 3) is analogous to that 
ted in other 20 isolates of group II lacking tst gene 
resence and absence of tst in these groups of isolates 
e attributed to the presence of tst on a mobile genetic 
nt called staphylococcal pathogenicity islands (SaPI1 
SaPI2) (Schmidt and Hensel, 2004). Loss or 

e absence of these helper phages, these islands remain 
ably integrated in the chromosome (Schmidt and Hensel,
004). A pathogenicity island (SaPIbov) related to SaPI1
as identified in bovine isolates of S. aureus (Fitzgerald et
., 2001). SaPIbov harbors tst, sec and sel genes (Schmidt
d Hensel, 2004). The co-existence of the tst and sec

enes in animal isolates including bovine has been
ported (Akineden et al., 2001; Fitzgerald et al., 2001; 
myth et al., 2005). This contrasts with findings of rare 
-existence of tst and sec genes in 3 clinical isolates of 
roup III in the present study and in other studies
eacock et al., 2002; Becker et al., 2003; Bania et al., 

006; Layer et al., 2006) and confirms that SaPI1 and 
PI2 lack sec.  
Several investigators (Peacock et al., 2002; Becker et

003; Layer et al., 2006) suggested that a number of
acterial determinants act in combination during the
fective process. The presence of various gene 
mbinations in 46 slime forming isolates in this study 
roups II and III, Table 3) supports some sort of 
sociation between pathogenicity and colonization genes 

f S. aureus. The predominant gene combinations in these
olates include seg + sei or seg. These genes belong to the 
terotoxin gene cluster (egc) that was identified by 
rraud et al (2001). This finding is consistent with that 
ported in other countries for human (Becker et al., 2003; 
ania et al., 2006; Layer et al., 2006) and animal strains of
. aureus (Akineden et al., 2001; Smyth et al., 2005). The
ominancy of the egc cluster genes in human and animal
olates suggests a potential role of these superantigens in
ifferent infections caused by S. aureus. 

 is important to mention that PCR is able to 
emonstrate the existence of genes in S. aureus isolates but
 does not prove the production of the proteins encoded by
ese genes. Therefore, bioassay or immunological 
ethods must be used to demonstrate the ability of the 
rdanian isolates to produce the toxin and the adhesion

roteins. 
In conclusion, this study has demonstrated the variable

resence of icaA and icaD, tst, eta, and etb genes in the
inical isolates of S. aureus. These genes also coexist in 
ifferent combinations with the previously detected 
terotoxin genes (Naffa et al., 2006; El-Huneidi et al., 

006), supporting the notion that these genes act in 
mbination during infection. This data may help in

roviding a guideline for the control of colonization and
e spread of these isolates in the hospital environment and
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