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Abstract: Problem statement: Yield crop cultivars and landraces are valuablersesi of genetic
variations that the knowledge and implication oédt variations are critical in the plant breeding
programs. our major objective of this study is istigating the discriminating capacity of RAPD, ISSR
and SSR markers and of their effectiveness in bsiéfig genetic relationship and diversity among
Egyptian and Saudi wheat cultivafspproach: Eleven wheat cultivars and landraces collected from
Egypt and Saudi Arabia, five Egyptian wheat (SaBBaSods 1, Sods 4, Gmiza 9 and Sohag 3) and
six Saudi wheat landrace cultivars (Hmees, Al-Kasedegazi, Abo-Sakr, Dubai 1 and Nagran) were
characterized using RAPD, ISSR and SSR moleculartkera as efficient tools. Ten and nine
oligonucleotide primers of RAPD and ISSR respedtyivand four primer pairs of SSR were used in
wheat samples analysis. Only clear and repeatatnld profile of 6 RAPD, 8 ISSR and 2 SSR primers
were obtained. In RAPD analyses, 74 out of 141 b§5d%) were polymorphid&esults: The number

of alleles ranged from 8-21 per primer, with anrage of 14.1 per primer. In ISSR analyses, a tiftal
78 alleles were detected, along with 36 allele®/d{i6vere polymorphic. The number of alleles per
primer ranged from 5-10 with an average of 8.6ledlgoer ISSR primer. SSR reactions recorded 6
alleles, of which 5 alleles (83%) were polymorpltituster analysis was conducted using Unweighted
Pair Group Method that depends on Arithmetic AverdPGMA). The dendrogram cluster diagram
classified the evaluated genotypes in three mdjmters corresponding to the cultivation regionse T
first group contains Sakha 93, Sods 1 and Sodstmare than 80% Genetic Similarity (GS). The GS
between Sakha 93 and Sods 1, Sakha 93 and SodSetierl and Sods 4 were 83.6%, 83.9 and 85.4
respectively. The second group contains Gmiza 9Switthg 3 with GS 83.1%. The third group contains
most of the Saudi landrace cultivars, Hmees, Aldéas Dubai 1, Abo-Sakr and Nagran, which are
genetically closed to each other with GS of 81% [Bist Saudi wheat landrace cultivar, Hegazi, atisd
outside the three major clusters, revealing aroi8%b similarity with the rest of the five Saudi laace
cultivars. Conclusion/Recommendations. These analyses fit together with geographicalidigion of

the 11 wheat cultivars and landraces. Moreovergesaorphological characterizations as fresh ancbdry
flowering time between the selected cultivars warglyzed under different salt concentration. We
recognized differences in the fresh and dry weligitveen the selected cultivars. Wheat cultivads 3o
and Sohag 3 were the most sensitive cultivarsecséit treatment, while Sods 1 and Sakha 93 crdtiva
were less sensitive to the salt treatments. Aduditip, Sods 4 and Sakha 93 cultivars were theesarli
among the five wheat cultivars (flowering time 6&M4 and 71+6.97 days respectively), while Sohag 3
and Gmiza 9 have flowered later than the other dulivars (111+12 and 105+11.1) respectively. In
conclusion, the long term objective of this studgswio use these fingerprints to identify molecular
markers that co-segregate and could be used atirsplgene(s) which controlling some importantai

Key words: Genetic Similarity (GS), Random Amplified PolymorpONA (RAPD), Inter-Simple
Sequence Repeat polymorphic DNA (ISSR), Simple 8ecel Repeat (SSR), Landrace
Cultivars (LCs)

INTRODUCTION crop. About two thirds of the world populationsdien

wheat grain and production has to be increased
Wheat {riticum aestivum L.) is one of the leading significantly in the next decades. Therefore, idtrcing
cereals in the world and the most important hunoaxad f  of modern cultivars is necessary for food produrciid
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world populations and unacceptance of them resutted the genome have provided new possibility for
reducing of cereal production and was followed byevaluating genetic diversity and determining ofeint
misinterpretation and starvation. and intra-species genetic relationships (Gostimeaky
The logic remedy of this problem is conservational., 2005; Karakast al., 2010). Several PCR based
of cultivars and landraces and prevention ofmolecular markers are available for investigatidn o
disappearance of these native resources. The genetienetic diversity such as Simple Sequence Repeat
variability of wheat cultivars and landraces ha®rbe (SSR) (Tautz, 1989), Random Amplified polymorphic
affected by various factors throughout their DNA (RAPD) (Okumus, 2007; Rahmaa al., 2006;
evolutionary history. In autogamous crops, out-sieg  Williams et al., 1990), Amplified Fragment Length
and fitness-relevant mutations generate intra-gjmi  Polymorphism (AFLP) (Vost al., 1995), Inter-Simple
diversity, whereas directed natural or human select Sequence Repeat polymorphic DNA (ISSR)
effects lead to an increase in inter-populatiorediity.  (Zietkiewicz et al., 1994), Sequence Tagged Sites
In fact, wide range of genetic diversity is critida  (STS), Random Amplified Microsatellite
maintaining, enhancing and developing of wheatdyiel Polymorphism (RAMP) and so on (Altintasal., 2008;
in relation of different condition, for instance,may  Ercanet al., 2010). It has been shown that different
provide new sources of resistance and toleranc@stga markers might reveal different classes of variation
biotic and abiotic stresses. Wheat cultivars andiace  (Russellet al. 1997). It is correlated with the genome
cultivars are genetically diverse and dynamicfraction surveyed by each kind of marker, their
populations but are still morphologically recogtilea  distribution throughout the genome and the extdnt o
because of certain integrity. Thousands of Landracghe DNA target which is analyzed by each specific
Cultivars (LCs) in wheat are stored in seed bankgssay. These molecular markers had been used &t whe
worldwide but the majority is inadequately desctibe for detecting genetic diversity, genotype idendifion,
for an efficient exploitation in plant breeding. ghi  genetic mapping (Tanyolac, 2003).
costs and time lags associated with the extensigech In this study, we have collected 11 wheat culsyar
for useful characteristics lead to the fact thaeblers fjye Egyptian wheat cultivrs (Sakha 93, Sods 1,s56d
rarely resort to these genetic resources. Subslgue Gmiza 9 and Sohag 3) and six Saudi wheat landrace
intensively prebreeding approaches are required teyitivars from different King Saudi of Arabia reseia
transfer desired genes from an improved LC materiatenters (Hmees, Al-Kaseem, Hegazi, Abo-Sakr, Dubail
into advanced breeding lines (Dreisigacéieal., 2005).  gnd Nagran). In a previous study, we found thatramo
Plant genome has been characterized with largghe six Saudi cultivars Nagran was the most salt
size. and complex organization.  Formerly, sensitive and late flowering, while Hegazi was niest
morphological analysis and sometimes cytogeneticsalt tolerant and early flowering. Therefore, tlee f
pedigree or chemical analysis were used in order t@&gyptian wheat cultivars were investigated in stisly
study of plant diversity (Voligt al., 2001). Molecular for the morphological characterization under difer
markers can support a more detailed characterizafio concentrations of NaCl (50, 150 and 250 mM) and als
genetic resources. A vast potential lies in thbility to the five Egyptian cultivars were cultivated undkom-
identify the structure of genetic diversity withand day conditions to estimate the differences in flong
among accessions, which can be great importance féime. In addition, our major objective of this syuib
the optimization of collections, the planning ofede investigating the discriminating capacity of RAPD,
regeneration and the successful implementation ofSSR and SSR markers and of their effectiveness in
prebreeding approaches. establ_lshlng genetic relatlonsr_np and diversity ago
In the past, the complexity of the wheat genomeEgyptian and Saudi wheat cultivars.
led to a delay in development and application of
molecular markers in this crop, so that it lagsibeh MATERIALSAND METHODS
rice, barley and maize in the availability of markéor
different agronomic traits. The utility of markems  plant materials: We have collected 11 wheat cultivars,
wheat for analysis of the inheritance of traits dad  five Egyptian wheat cultivars from Agriculture
understanding genome structure and organization iResearch Center (ARC), Giza, Egypt (Sakha 93, Sods
now well established. Molecular markers provide al, Sods 4, Gmiza 9 and Sohag 3) and six KSA wheat
direct measure and go beyond indirect diversitylandrace cultivars from different KSA research eest
measures based on agronomic traits or geographitimees, Al-Kaseem, Hegazi, Abo-Sakr, Dubail and
origin. Applying molecular markers and recognitioh ~ Nagran). Some of the five Egyptian wheat cultivars
polymorphic nucleotide sequences dispersed thraxtgho naturally resistant to yellow rust disease suclSalsha
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93 and Gmiza 9, while Sods 1 and Sods 4 are tdlezan Table 1. Sequences and polymorphism level detégtéue ten decamer

high temperature and high salinity. arbitrary primers that have be('e\‘r:)used for RAPDyaisal
. : . Primer No. of of'polymorphic Polymorphism
Salt treatment: Five Egyptian wheat cultivars, Sohag ame  sequence Primer  amplicons  bands %)
3, S_OdS 1,. Sods 4_-, Gmiza 9 and Sakha 93, have beBBEa17 5GACCGCTIGTZ 21 18 36
cultivated in two different locations of the greenke,  OPB-01 5-GTTTCGCTCC-3 11 0 0
under 22°C and Short-days conditions (8 h lightfl6 JP29 >7CCICiecces 14 " 100
dark_). The seeds of thg 5 wheat cultivars wereesti®jl  opc.os 5.TGGACCGGTG3 8 0 0
to different concentrations of NaCl (50, 150 and 25 OPE-13 5-CCCGATTCGG-3 10 0 0
mM). The seeds were germinated first and irrigateddP=70 >SCTCACTETES 13 3 o
with tap water for two weeks. The indicat_eql S.altopG_og 5.CTGACGTCAC-3 14 13 03
concentrations were gradually added to the irrigati OPH-01 5-GGTCGGAGAA-3 11 5 45
water. After 45 days of salt application, Fresh gWei To@ M 4 52

(FW), Dry Weight (DW) and Length (L) of wheat _ _ ,
plants were measured as tools to evaluate the tvel Table 2: List Qf Primers that have been used fd8RSanalysis
plant salt tolerance. (Sofalianet al., 2008)

No. of No.
3 i i i . . Primer Primer amplicons of polymorphic Polymorphism
Flowering time estimation: The Five different wheat name sequence bands *)
i P ISSR 1 (UBC 876) (GGGGp 1 6 50
cultivars, Sakha 93, Sods 1, Sods 4, Gmiza 9 ahdg0 ISSR 2 (UBC 815)  (TGR ] : o
3, were planted in two different locations of theissrawusces?) (caTA) 13 13 100
; ; (GACA),
greenhouse. Th’e plants were cultivated in Shorsday,ser 4 uscs3e)  arT 1 s 2
conditions (8 hr’s light/16 hr's dark) and irrigdtevith ~ 1ssrsuscesn) (CyT 5 0 0
normal tap water in order to avoid any effect ofdNa (3% 5Uscss @arr o S !
on flowering time pathway genes. Moreover, flowgrin ISSR8 (UBC 81N (CBACTIG 7 2 2
time was estimated for the salt treatment 250 MM ( ) (TaA 78 36 46

plants, in order to study the effect of salt stress
flowering time. ISSR analysis: Nine ISSR primers were tested using

Isolation and purification of genomic DNA from & specific and optimal anne.allng temperature fpr
wheat cultivars: Fresh young healthy wheat leaves each one (Table 2). PCR reactions were performed in
were collected from the studied wheat landraces andolume of 20uL™ in Eppendorf thermocycler. The
cultivars, then grounded to powder with liquid dsing  reaction mixture contained 06.7* (50 ngpuL™) of
a mortar and pestle. Genomic DNA was isolated fromeach primer, 10QM of each deoxinucleotide, 0.5 units
leaf samples using the procedure described by DNeagf Go Taq polymerase (Promega),x10aq buffer
Plant Mini Kit protocol (QIAGEN, Germany). containing 2.5 mM MgCI2 and 10 ng of template DNA.

; Amplification reaction was 94°C/5 min, followed B9
RAPD analysis . g
PCR reacti)(/)n and condition: A total of 10 random cycles of 94°C/1 min, 48-60°C (specific for each
primers were used to detect the polymorphism amongfimer)/1 min and 72°C/2 min and ending with an
the 11 wheat cultivars and landraces. The sequehce €xtension step of 72°C/7 min. PCR products were
the 10 primers that produce a clear sociable an@nalyzed using 2% agarose electrophoresis gelsestai
reproducible banding pattern is shown in (TableThe  with ethidium bromide and only bands with high
amplification performed in a 26L~" reaction volume intensity and well separated were selected.
containing about 3L (10 nguL™) genomic DNA, 3 _ _ _
uL™* primer (50 nguL™) (Operon Technologies Inc.) SSR analysis: Out of 4 pair of primers were tested to
and 19 pL master mix (Promega). The PCR detect the poly_morphlsm,_on!y two pairs have reedrd
temperature profile was applied through a Gene Amp@&lear reproducible amplifications among the 11 whea
PCR System 9700 (Perkin Elmer, England). Thecultivars and Ia}ndraces (T_able 3). The ampllﬁqauo
thermal cycler was programmed with an initial stéj5 ~ was performed in a 26L™" final volume of a reaction
min at 94°C; the amplification reaction was carr@d  Mixture, which included reaction bufferx10.2 mM
using 40 cycles of 60 sec at 94°C, an annealimgafté ~ each deoxinucleotide, 0.25 mM each primer, 1.5 mM
min at 37°C and an elongation step of 1 min at 721@ MgCI2, 1U of enzyme Taqg polymerase (Promega) and
finally a 7 min extension at 72°C. The amplificatio 50-100 ng genomic DNA matrix. The PCR reaction
products were resolved by electrophoresis in a 1.5%as performed using a thermo-cycler Applied
agarose gel containing ethidium bromide (GgsmL™) Biosystem GeneAmp 9600, programmed for: 3 min
in 1X TBE buffer at 95 volts. PCR products were initial denaturation at 94°C, followed by 35 cycles
visualized on UV light and photographed using a gekach consisting of: 1 min at 94°C, 1 min at 61°@i@
documentation system (Bio-Rad® Gel Doc-2000). at 72°C and a final extension of 10 min at 72°C.
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Table 3: SSR markers and corresponding primers insés study ~ 80°C. We couldnot realize before salt treatment any

(Somerset al., 2004) : significant differences in Fresh Weight (FW) andyDr

Varker No. of ,\:)C(J)'I)(l)r;orph Polymorph Weight (DW) (data not shown).
name Primer amplicons  ic bands (%) The average Fresh Weight (FW) for the five

F-TCAGCAAC 3 2 67 cultivars (Gmiza 9, Sakha 93, Sods 1, Sods 4 ahdo
e S eSS 3) were 0.510.22; 0.45+0.17; 0.42+0.11; 0.500.19

GTAGCTCTT and 0.55+0.12 respectively. While the average dry

F-ACAAACGGT 3 3 100 H H H .
WMeE GACAATGCAAGGA weight (DW) for the five cultivars were 0.30+0.16;
03  R-CGCCTCTCTC 0.29+0.14; 0.26+0.11; 0.31+0.07; and 0.29+0.06
Tl GTAAGCCTCAAC ] : o respectively.

During the salt treatment, we recognized

PCR products were evaluated by electrophoresigoen differences in the fresh weight and dry weight tesw
agarose gels in OSTBE buffer, stained with ethidium the five cultivars. The effect was clear after 4% of

bromide and were recorded as BioPrint images. watering with different salt concentrations. Wheat
cultivar Sods 4 was the most sensitive cultivathe

Data scoring and statistical analysis:. Clear and salt treatment, comparing to the control plantg.(H).
distinct amplification products were scored as f&*  The FW and DW of Sods 4 cultivar has affected hardl
presence and ‘0’ for absence of bands. Bands of thafter treatment and the difference was significant
same mobility were scored as identical. The Genetibetween the control plants comparing to the differe
Similarity coefficient (GS) between two genotypeasw salt concentrations, especially the highest (250)mM
estimated according to Dice coefficient (Sneath andrhe averages of Sods 4 FW were 17.1+3.29; 7.25+
Sokal, 1973). The similarity matrix was used in the2.56; 7.5+2.65 and 7.13+2.52 with treatments (zero
cluster analysis. The cluster analysis was empldged (control), 50, 150 and 250 mg) respectively. The
organize the observed data into meaningful strestts  averages of Sods 4 DW were 13.0+2.25; 5.06+1.79;
develop taxonomies. At the first step, when eaclb.13+1.8 and 5.13+1.8 with treatments (zero (cdptro
accession represents its own cluster, the distancés, 150 and 250 mM) respectively.

between these accessions are defined by the chosen Wheat cultivars Gmiza 9 and Sohag 3 have showed
distance measure (Dice coefficient). However, onceanoderated effect of salt treatments on (FW) and YDW
several accessions have been linked together, thghile Sods 1 and Sakha 93 cultivars were less temsi
distance between two clusters is calculated as thg the salt treatments. Sods 1 were the most salt
average distance between all pairs of accessiott®in resjstant comparing to the rest of wheat cultivaise

two different clusters. This method is called ayerages of Sods 1 FW were 17.0+4.51; 16.1+3.67;
Unweighted Pair Group Method using Arithmetic 14 31345 and 13.5t1.13 with treatments (zero

Average (UPGMA) (Sneath and Sokal, 1973). (control), 50, 150 and 250 mM) respectively. The
RESULTS averages of Sods 1 DW were 14.9+3.12; 14.0+2.56;
13.1+2.43 and 13.0+0.73 with treatments (zero

M orphological characterization: (control), 50, 150 and 250 mM) respectively.

Effect of different salt concentrations on fresh and
dry weight: In this study, the five Egyptian wheat Effect of different salt concentrations on plant
cultivars, Sohag 3, Sods 1, Sods 4, Gmiza 9 anti&Bak length: We have measured the plant length for the
93, were cultivated under 22°C and short-dayfive cultivars in two times. The first time was two
conditions (8 h light/16 h dark). Watering treatmen weeks after germination (before starting the salt
with four different concentrations of Sodium Chétei treatment). There were no significant difference in
(zero (control), 50, 150 and 250 mM), was startieera plant length for the five wheat landraces and cals
two weeks of germination. The most salt resistamtt a (data not shown). The averages of the five culdvar
salt sensitive cultivars, also the early floweramyl late  (Gmiza 9, Sakha 93, Sods 1, Sods 4 and Sohag 3)
flowering cultivars have been recognized. Thiswere 13.4+2.8; 12.7+2.92; 16.3 £0.86; 12.1+2.01 and
experiment has repeated twice in two differentfiores  14.1+2.73 respectively.
of the greenhouse, in order to avoid any envirortaien The second measuring time was after 45 days bf sal
effect on the results. application. The plant length of wheat cultivarsd$d

The different five wheat cultivars have irrigated and Sakha 93 does not respond to the salt tregtment
with four different concentrations of Sodium Chét®i especially Sods 1 was the most resistant cultiVae
((zero (control), 50, 150 and 250 mM)), for 100 slay averages of Sods 1 plants length are 57.3+2.5@+55.
The FW has measured direct after cut for eighedéfit 3.26; 51.841.88 and 45.0+1.75 with treatments (zero
plants, while the DW measured after 48 h of dryamg  (control), 50, 150 and 250 mM) respectively.
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Fig. 1: Effect of different Sodium Chloride concextion treatments on Fresh Weight (FW) and Dry We{®W)
of five wheat cultivars. Black bars are (FW) andygbars are (DW). T-test; comparing to the control
treatment, (*) Significant difference at 95% coufidte interval

Control
05mgL”!
1SmgL’!
25mgL!

Gmiza 9
70 Sakha 93
70
= 60 0
2 50 g
-8 3 50
40 =
% 30 5 107
5 20 20 30 -
2 - =
3 204
10 4 - 10
,0 = T _ T _ T _ 0 T
= 5 5 5 K ! T ! T ' T
p=} o = = = ﬁh fh j/)
& & 2 2 = £ = =
vy vy vy
< - o “ 2 - b
Sods 1 Sods 1
» 5
£ 60 £ o
S 504 5 * * *
£ 40 g 404
= 30 = 30
=0
é 20 | 5 20 -
104 - 10 7
0 — . B . - 0 . —= : =
3 Ly L L = O O O
E=] =) =) =) =] =0 =0 =0
IS £ £ £ 5 g g g
&) v v “ &) v v v
=3 ci = —_ S
Sohag 3

Length in cm
3
o

70
60
50
40
* >* E3
20
U T T - T
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140 molecular markers the DNA of eleven wheat cultivars

100 and landraces, Sakha 93; Sods 1; Sods 4; Gmiza 9;
%0 * Sohag 3; Hmees; Al-Kaseem; Hegazi; Dubai 1; Abo-
60 Sakr and Nagran, were used as templates for 10 RAPD
40 9 ISSR and 3 SSR reactions (Table 1-3).

20

0 — — — —

—
o
(=]

Flowering time

@ RAPD-PCR fingerprinting of wheat cultivars and
landraces. In this study, 10 RAPD primers were used
for estimating of genetic diversity of plant genueg,
but only the polymorphic ones were used for analyzing.
Fig. 3: Flowering time of five wheat cultivars. Bka The RAPD-PCR results using primer (OPA-17as
columns represent the control plants, while grayshowed a total of 21 bands in the 11 used wheat
columns represent the salt stressed plants.T-testultivars and landraces ranged from 100 bp-1900 bp.
comparing to the control treatment, (*) Significant four common bands were observed in all landracés an
difference at 95% confidence Interval exhibited 14% monomorphismyhile the other 18
fragments have showed 86% polymorphism among the
The plant length of cultivar Sohag 3 was very saresi 11 wheat cultivars (Fig. 4A). This primer detectaed
to the salt treatment and has affected hardly. Thenique fragment, over 1 kbp size, specific to SoBag
averages of Sohag 3 plants length are 52.3+1.88+26 cultivar. A total of fourteen fragments have showed
2.3; 24.0#0.78 and 19.0+1.92 with treatments (zercl00% polymorphism among the 11 used wheat
(control), 50, 150 and 250 mM) respectively (Fig. 2 cultivars and landraces with primer (OPB-06) are
The wheat cultivar Gmiza 9 does not show extremeexhibited in (Fig. 4B). The molecular size of thé 1
response to the salt treatment and the effect waBCRproducts ranged from 100 bp-2100 bp. Also this
moderated, comparing to the rest of wheat cultivarsprimer recognized a unique fragment, betw2e and
The effect of salt treatments on plant length has300 bp, specific to Sohag 3 cultivar.
confirmed the effect of salt treatments on FW al.D The results of RAPD-PCR with primer (OPC-05)
These results have supported the direct correlatiogre depicted in Fig. 4C. The PCR products were 14
between the plant size or plant length with plaeshi  fragments. Twelve fragments showed polymorphism
weight and dry weight. among the six landraces, exhibiting more than 43%
polymorphism. Two products were monomrphic among
Flowering time of five wheat cultivars: Plants of five  the used cultivars and landraces. A unique fragrnast
different cultivars were planted in two different recorded between 400 and 500 bp., specific to Sods
locations of the greenhouse, under short day dondit and Hmees cultivars. Also a 300 bp. fragment detect
(8 hr's light/16 hr's dark). To avoid the effect sélt in the genetic background of Sohag 3 and Hmees
treatments on flowering time genes behavior, weehavcultivars. A total of fifteen bands in the 11 usedtivars
used tap water for irrigating the control plants.and landraces with primer (OPF-20) are illustrateig.
Moreover, flowering time was estimated for the salt4D. The molecular size of the 15 PCR products range
treatment 250 mM, in order to study the effect @t s from 200-1900 bp. Twelve of them showed 86%
stress on flowering time. Data were collected fr8Bm polymorphism among the wheat landraces. Fourteen
different plant replicates. As shown in in contptdnts PCR fragments with primer (OPG-09) are depicted in
(Fig. 3), Sods 4 and Sakha 93 were the earlieshgmo Fig. 4E. Thirteen of them showed 93% polymorphism
the five wheat cultivars (flowering time 68.0+5.8Ad among the wheat landraces. RAPD’s reaction using
71+6.97 days respectively) and significantly difler primer (OPH-01) is exhibited in Fig. 4F. This prime
than the rest of the five wheat cultivars. Additdp, recorded a unigue fragment, larger than 1 kbpgifpe
Sohag 3 and Gmiza 9 have flowered later than therot to landrace cultivar Hegazi. The molecular sizelwf
five cultivars (111+12 and 105+11.1) respectively. PCR products ranged from 400 bp-2000 bp. Five but o
Under salt stress (250 mM Nacl irrigation), thethe 11 fragments has showed more than 45%
flowering time of cultivar Sohag 3 has affecteddiyar  polymorphism among the used cultivars and landraces
and flowered significantly earlier than the confptnts  Also this primer recorded a unique fragment, lotam
of the same cultivar, while the rest of the fiveyfiian 500 bp., specific to Sods 4 cultivar.
cultivars did not show response to the salt stress. While, reactions with primers (OPB-01, OPC-08,
OPE-13 and OPE-16), a total of 11, 8, 10 and 13
Molecular characterization: The use of molecular fragments respectively were detected, but all prtlu
markers was aiming to show fast and reliabledid not show any differences among the 11 cultivars
discrimination of any variations. In this kind of and landraces (data not shown).
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0.5 kbp

0.5 kbp

0.5 kbp

Fig. 4: RAPD fingerprinting of 11 Egyptian and Sawheat cultivars and landraces. MW: is 1 kb. laddg)
Sakha 93; (2) Sods 1; (3) Sods 4; (4) Gmiza 9;S@hag 3; (6) Hmees; (7) Al-Kaseem; (8) Hegazi; (9)
Dubai 1; (10) Abo-Sakr; (11) Nagran. (A) Primer GBRA; (B) Primer OPB-06; (C) Primer OPC-05; (D)
Primer OPF-20; (E) Primer OPG-09; (F) Primer OPH{ORCR) is the negative control

2 3 4 5 67 8 9 10 11fuw

0.5 kbp
0.5 kbp
0.5 kbp - =y .-
0.5 kbp

~ == IB====
U 0 e e

G H

Fig. 5: ISSR fingerprinting of 11 Egyptian and Sawdheat cultivars and landraces. MW: is 100bp. &dd1)
Sakha 93; (2) Sods 1; (3) Sods 4; (4) Gmiza 9;.9&hag 3; (6) Hmees; (7) Al-Kaseem; (8) Hegazi; (9)
Dubai 1; (10) Abo-Sakr; (11) Nagran. (A) ISSR 1) (BSR 2; (C) ISSR 3; (D) ISSR 4; (E) ISSR 6; (F)
ISSR 7; (G) ISSR 8 and (H) ISSR 9. (-PCR) is thgatige control
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ISSR-PCR fingerprinting of wheat cultivars and  bands generated by ISSR 3(UBC 852) (13 bands &
landraces: The ISSR-PCR reaction of primer (ISSR 1 100% polymorphic) and ISSR 5 (UBC 840) (five band
(UBC 876)) has recorded 12 fragments ranged fromand monomorphic), respectively. The average of
200 bp-800 bp.  Six of them showed 50% amplified and polymorphic bands per each primer was
polymorphism among the wheat landraces (Fig. 5A). Ag 7 and 4.0, respectively. Amplified bands inforimat
unique band with molecular weight between 500 andg|ateq to each primer is giving in Table 2. Thedid
600 bp. was detected in this primer, specific taltace edprimer sequences were composed of di-, tri-, tetrah

cultivar Hmees. A total of 7 bands in the 11 us : .
; . panta-nucleotide repeat sequences. The polymorphism
landraces with primer (ISSR 2 (UBC 815)) are observed in the case of tri, tetra and panta-ntideo

exhibited in (Fig. 5B). Four common bands were .
observed in all landraces and exhibited almost 5704€P€at primers (ISSR 6 (UBC 845, ISSR 3(UBC 852

monomorphism, while the other 3 fragments have?"d ISSR 1 (UBC 876)).

showed around 43% polymorphism among the 11 o o .
landraces. A unique band with molecular weightSSR analysis fingerprinting of wheat cultivars and

between 300 and 400 bp. was detected in this primefandraces: In the present study, four primer pairs
specific to landrace cultivars Al-Kaseem and Hegaziflanking simple sequence repeats that employed to
The PCR products of primer (ISSR 3 (UBC 852)) wereinvestigate the level of polymorphism among the 11
13 fragments. The product fragments recorded 100%heat landraces, only two of them showadar and
polymorphism among the 11 landraces (Fig. 5C). Thigeproducible products (Table 3The PCR product
primer has showed a specific product for cultivah&®  obtained using the primers pair for marker Wmc596
3 and landrace Abo-Sakr, with size around 650 bpis depicted in Fig. 6A. The®CR products were 3
Another product around 400 bp., specific to culiva fragments. Two of them exhibited more than 67%
(UBC 834)) are depicted in Fig. 5D. Five fragments|gngraces. The PCR product obtained using the
among the total of twelve bands in the used lar@lrac ,imers pair for marker Wmc6G8 illustrated in Fig.

have recorded 42% polymorphism. Nine PCRGB. The products were three fragments, revealed

fragments with primer (ISSR 6 (UBC 845)) are o . .
depicted in (Fig. 5E). Four of them showed 44%100A: polymorphism among the 11 wheat cultivars

polymorphism among the wheat landraces. Theand landraces.

fragments ranged between 250 bp. to 2100 bp. Thi . . :
primer has showed a product specific to Abo-Sakt an Benetic retationshipsasrevealed by RAPD, | SSR and

Nagran cultivar, with size around 500 bp. AnotherSSR markers and cluster analyss To examine the
product around 300 bp., specific to cultivar Hegeas ~ 9enetic relationships among the 11 wheat cultizarg
recorded. Reaction of primer (ISSR 7 (UBC 822)) hadandraces, the data scored from the 10, 9 and 2CRAP
recorded a total of 6 bands among the used larslracdSSR and SSR primers respectively were compiled and
The molecular size of 5 PCR products ranged froth 20analyzed using the Dice similarity coefficient. The
bp-1900 bp. Two out of the 6 fragments showed moregenetic similarity matrices based on the Dice ¢oeffts
than 33% monomorphism, while the other 4 fragmentare shown in Table 4.

have showed almost 66% polymorphism among the 6

landraces (Fig. 5F). The ISSR-PCR reaction of primeTable 4. Genetic similarity (GS) matrices computaetording to

(ISSR 8 (UBC 814)) has recorded 7 fragments ranged Eigcyi)ggﬁfgzisrlstzIL?ij?g:tDéullﬁ\?;sagr?dslgrijrr:;c?)g;;:.h]:
from 150 .bp—2200 bp. Two of them shovyed 29% 93: (2) Sods 1: (3) Sods 4: (4) Gmiza 9: (5) SoBa¢H)
polymorphism among the wheat landraces (Fig. 5G). A Hmees: (7) Al-Kaseem: (8) Hegazi; (9) Dubai 1; (2b)-
total of 7 bands in the 11 used landraces with erim Sakr; (11) Nagran

(ISSR 9 (UBC 881)) are exhibited in (Fig. 5H). ik 1 2 3 4 5 6 7 8 9 10 11
fragments were common among the used cultivars and 100

landraces and showed 86% monomorphism. ISSR gg-g égo4 100

(UBC 840) primer recorded five _product fragments.4 80.7 80.5 76.9 100

All of the 5 bands were observed in all wheat alts 5 789 787 77.7 83.1 100

and landraces and exhibited 100% monomorphisné 78.3 74.9 83.2 68.6 74.3 100
(data not shown). 7 763 75 845 68.6 77.7 88.7 100

Total number of amplified products was 78 bandag ;i'g ;‘31"11 gi'é Zé's g;l ;i'g g?é égoﬂr 100

ranging from 150 to 2200 bp and 36 bands (46%) olo6s.2 74.9 75.1 69.2 85.7 80.1 77.3 85.9 86.1 100
them were polymorphic. Maximum and minimum 1167.8 66.3 72.4 58.8 73.7 79.4 77.8 79.6 86.3 87100
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PCR
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0.5 kbp

Fig. 6: SSR fingerprinting of 11 Egyptian and Sawtieat cultivars and landraces. MW: are 1 kb. laddg Sakha
93; (2) Sods 1; (3) Sods 4, (4) Gmiza 9; (5) SoBa(f) Hmees; (7) Al-Kaseem, (8) Hegazi; (9) Dubai
(10) Abo-Sakr; (11) Nagran. (A) Primer Wmc596; Bnc603. (-PCR) is the negative control
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Fig. 7: RAPD’s, ISSR’s and SSR,s phylogenetic asialyamong 11 Egyptian and Saudi wheat cultivars and
landraces. (1) Sakha 93; (2) Sods 1; (3) Sods)4Giza 9; (5) Sohag 3; (6) Hmees; (7) Al-Kasee8); (
Hegazi; (9) Dubai 1; (10) Abo-Sakr; (11) Nagran

The data showed genetic similarity ranged betweék8 5 regions. The first group contains Sakha 93, Sodsdl
% and 88.7%.The highest genetic similarity was &8.7 Sods 4 with more than 80% Genetic Similarity (Gi3)e
between Hmees and Al-Kaseem, while the lowesGS between Sakha 93 and Sods 1, Sakha 93 and Sods 4
genetic similarity was 58.8% between Gmiza 9 andand Sods 1 and Sods 4 were 83.6%, 83.9 and 85.4
Nagran landraces. respectively. The second group contains Gmiza 9 and

UPGMA clustering dendrogram based on DICESohag 3 with GS 83.1%. The third group containstmos
similarity index was obtained (Fig. 7). The dendesg  of the Saudi landrace cultivars, Hmees, Al-Kaseem,
cluster diagram classified the evaluated genotyipes Dubai 1, Abo-Sakr and Nagran, which are genetically
three major clusters corresponding to the culivati closed to each other with GS of 81%he third group
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divided into two subclusters, the first subclustentains  consequence of SKB1 disassociating from chromatin t
Hmees and Al-Kaseem landrace cultivars with GS ofnduce the expression of FLC and the stress-respgons
88.7%, while the second subgroup consists of fougenes. Mutation of SKB1 results in salt
landraces, Dubai 1, Abo-Sakr and Nagran with GSemorhypersensitivity, late flowering and growth retdida.
than 86%. The last Saudi wheat landrace cultivarln agreement with these previous findings, the whea
Hegazi, was falling outside the three major clsster cultivar Sohag 3 that show reduction in DW, FW and
revealing around 78% similarity with the rest of tiwve ~ Plant length in response to salt stress, also stiowe
Saudi landrace cultivars. The RAPD's, ISSR’s andeé@rliness in flowering time. In disagreement wikte t
SSR’s have confirmed each other and the combineBr€Vious results, the DW, FW and plant length aheo
results were realistic, when the dendrogram clearl)fumva.rS suph as.Sods 4 was hardly affected, beit t
separates the analyzed wheat landraces into fojor ma 1OWering time did not respond to the salt stress.
groups and these analysis logically close to therea According to the study of (Pandey al., 2009), these

distribution (geographical distribution) of the éied 11 'eSults might be due to a mutation in one of sgnammd
wheat cultivars and landraces response signaling pathway genes that mediating
' regulation of developmental processes, such astgrow

and flowering time.
RAPDs were proved to be useful as genetic

In this study, some morphological and molecularr‘narlfers in the case _Of self-pg!linating spec_ieshvat
characterizations were applied, in order to be wed relatively onv level of mtraspeqﬁc polymorphismaich
different tools for wheat cultivars and landraces@S hexaploid wheat and cultivated wheat. Although
breeding programs and improvement. Themajor bands from RAPD reactions are highly
morphological analysis of different wheat cultivars reproducible, minor bands can difficult to repeat do
recognized that there is a direct relationship keetw random priming nature of this PCR reaction and
the effect of salinity on plant growth and produt§i  potential confounding effects associated with co-
(Fig. 1-3). The recorded effects of the salinityess on  mjgration with other markers (Tessieral., 1998). In
fresh and dry weight, plant length and flowerimgdiof  esent study, RAPD analyses revealed, 74 out bf 14
the different wheat cultivar plants was in agreemenp . - i< (52%) were polymorphic. The number of alleles

with previous research (Cutlet al., 2010 and Kumar anaed from 8 to 21 per primer. with an averaqdbl
and Wigge, 2010). They recorded that the growth an{tn9& Per p ' 9
per primer (Table 1). This data was close to tbdysbf

productivity of plants are greatly affected by .
environmental factors such as drought, low tempeeat (Sunet al., 1998), when detected 62.5% polymorphism
and soil salinity and they adapt their growth andamong 46 genotypes of aestivumandT. spelta.
development in response to perceived stress. To ISSR markers are highly polymorphic and
withstand environmental stresses, plants have eudolv repeatable even for intra-specific purposes in whea
highly integrated sensing and response signalingarieties and could be used for cultivar identiiica.
pathways that regulate developmental processe$, suSonget al. (2002) in the study of microsatellite primers
as growth and flowering. In general, a stress digga in wheat proposed that the polymorphism rate would
pathway of plants comprises a sensor, signahigher when the motifs comprise four or five
transduction and a response. The sensor perceivegcleotides. Also, Nagoaka and Ogihara (1997), avhil
adverse environmental conditions (Cutteral., 2010).  stydying hexaploid wheats observed maximum
In  Arabidopsis thaliana, several perception andyslymorphism in relation to tetra nucleotide primer
signaling path_ways .h‘rj.‘ve. been |_dent|f!ed for therepeats. Diversity detected by di-nucleotide repeat
response to high salinity in soil, including theltsa primers were found at lower levels. In agreemerih wi

overly sensitive pathway and the phytohormone S
a\tgsci)gic aCIi(IZiV (XBA;,ngpendent ang-i%dependenfnvesngat'on of Akkayat al. (1992), we found that the

O . . f di-nucleotide, ISSR 2 (UBC 815) ISSR 5
transcriptional regulation pathways (Mahajeh al., group ©
2008). Moreover, they report that floral initiat8hk1 (UBC 840), ISSR 8 (UBC 814) and ISSR 9 (UBC 881)

Kinase Binding proteinl (SKB1) and Histone4 belonged to (CT) and (TC) repeats primers group
arginine3 (H4R3) symmetric dimethylation indicated Iower level of polymorphism comparmg.to
(H4R3sme2) integrate responses to plant develomhentother used primers. We speculated that the primer
progress and salt stress. SKB1 associates witBequences compose of TC and CT repeats present the
chromatin and thereby increases the H4R3sme2 fevel low level of polymorphism in plants but not in arim
suppress the transcription of Flowering Locus CGFL or human genomes Akkaghal. (1992). Therefore, the
and a number of stress-responsive genes. Duririg sakduction of the genetic distance between the wheat
stress, the H4R3sme2 level is reduced, as aultivars and landraces might be due to the presehc
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a common ancestor between the wheat cultivars dBarcaccia, G., L. Molinari, O. Porfiri and F. Vegesi,

landraces which led to a narrow genetic diversity. 2002.  Molecular characterization of emmer
It was reported that SSRs are highly variable and ~ (Triticum dicoccon Schrank) Italian landraces.
therefore able to distinguish closely genetica#ijated Genet. Resour. Crop. Evol., 49: 417-428.

p|ant genotypes (Manifesm a|_, 1999) According to CUtIer, SR, P.L. ROdI‘ig}JQZ, RR Finkelstein ShR.
Somerset al. (2004) the used SSR markers are closely ~Abrams, 2010. Abscisic acid: Emergence of a core

linked in a position close to the centromere of athe signaling network. Annu. Rev. Plant Biol., 61: 6619.
chromosome 7A. in the present research, the nuofber Dreisigacker, S., P. Zhang, M.L. Warburton, B.
alleles per marker ranged from 2 to 3 with an ayera Skovmand and D. Hoisingtaet al., 2005. Genetic
of 2.5 alleles per locus (Fig. 6). Microsatellitase diversity among and within CIMMYT wheat
typically multiallelic markers (Matsuoket al., 2002) landrace accessions investigated with SSRs and
with heterozygosity values much higher than thoke o  implications  for  plant — genetic ~ resources
RFLPs (McCouclet al., 1997). management. _Crop Sci.,, 45: 653-661. DOI:
10.2135/cropsci2005.0653
CONCL USION Ercan, S., F. Ertugrul, Y. Aydin and F. Akfirat-Serk

et al., 2010. An EST-SSR marker linked with

yellow rust resistance in wheat. Biol. Plantarum,

54: 691-696. DOI: 10.1007/s10535-010-0122-z

aGostimsky, S.A., Z.G. Kokaeva and F.A. Konovalov,
2005. Studing plant genome variation using
molecular markers. Russ. J. Genet., 41: 480-492.
PMID: 15909909

A(arakas, O., F. Gurel and A. A. Uncuoglu, 2010.

Exploiting a wheat EST database to assess genetic

In conclusion, the use of molecular genetic marker
such as RAPD, ISSR and SSR has verified
considerable genetic diversity and genetic relatigm
within and between Egyptian and Saudi wheat cultiva
(Fig. 4-6). Surprisingly, we discovered that theghhi
level of diversity seemed to be in contrast witl tigh
selfing rate in wheat plants. These results were i
agreement with previous results found in Pakistani ; . X ) )
wheat cultivars analyzed with protein markers (T&hi gglelrssgg)sclsff?hl\él?lz.o156(3650336079%19-730. Dol:
al., 1996) and ltalian wheat cultivars analyzed with ' ) . -
RAPDs (Barcacciat al., 2002). Therefore, the higher Kumar, S.V. and P.A. Wigge, 2010. H2A.Z-containing
diversity observed within and among the Egyptiad an nucIersg_rges med%te”thelzhogrmi)ggnlsz;y r(aljs(g?nse
Saudi wheat cultivars can be explained by a long Ian 10;%/.' O||O|32|%'og 1§ 606 ' Bl )
evolutionary history in both countries. Mah o S].CeG.K P. d d N. Tuteia 2008

Our study provides the first analysis of genetic'V'® 816}”.' g lan €y and i uteja, Pt
variability and relationship between Egyptian wheat S;‘Cé‘é'.””' Ianh saé—cs)téess hS|gna mghln . pﬁmts.
cultivars and Saudi Arabian wheat landraces. It 'eh Ing g _t on pat vyay. Arch. Biochem.
demonstrated the potential efficiency of moIecuIarM E'Op ysll\}ldlr\/ln' ,16-\43-1588.h|IDM|D' 1I—?2E41I§|65 EY
markers in wheat cultivars and landraces clastifica anifesto, M-M.,- A.R. Schiatter, H.E. Hopp, E.Y.
and indicated the feasibility of a comprehensiviereto Suarez and J. Dubcovsky, 1999. bread wheat
determine the relationships among wheat landrasieg u (tr.|t|cum I aesUgum) d_flngerr}rlntr;ng Pl using d
some morphological and molecular markers. Landraces microsatellites. Proceedings of the Plant an
can still be found in isolated and marginal arsash as Animal Genome VI, Confgrence, Jan. 1:7'21' Town
mountains and oases where traditional landracestitire and Country Hotel, San Diego, Callfornla._

Cr e Matsuoka, Y., S.E. Mitchell, S. Kresovich, M.
grown. Very little is known about the genetic dsigr Good d 3. Doeblev. 2002. Mi tellites |
present in these wheat landrace. Further collection oodmann and J. DOeDIey, - Microsateliites in

: T . Zea — variability, patterns of mutations and use fo
evaluation and utilization of local germplasm, lsacly a : . . )
high priority in wheat improvement. evolutionary studies. Theor. Applied Genet., 104:

436-450.
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