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ABSTRACT

The goal of this study was to investigate the mideacharacterization ofA. macrostachyungenotypes grown in
the Western coast of Syria using RAPD and ISShiigaeds. PCR amplifications with 20 RAPD primersegan
average of 9.25 selected markers/ primer, with aimam of 17 (OPGO05) and a minimum of four (OPA02).
Percentage of polymorphic bands ranged from 40Q6% according to RAPD primers tested. Among the 185
selected bands, 160 (84.96%) were polymorphic. arhplification with seven ISSR primers generate88ds,
and 80 (90.91%) were polymorphic. (GRE and (AGGTG ISSR primers tested in this study yielded kighl
informative patterns. RAPD and ISSR fragment siaeged from 0.2—-3 kb. Based on this study, theofi$®APD
and ISSR fingerprints could be a powerful tool &sess the genetic diversity An macrostachyumBoth the
techniques gave similar results regarding the degpé relatedness among the genotypes tested, eitbtgpe 2
being suggested to represent a distinct subspécesthat of genotypes 1 and 3.

Key words: A. macrostachyungenetic diversity, genotype, ISSR, polymorphi®APD

INTRODUCTION Suaedoideae Ulbr.) was placed as a sister species
to the monophyletic Salicornioideae based on both
The Salicornioideae (14-16 genera, c. 90 specieB)DNA Internal Transcribed Spacer (ITS)
is a remarkable subfamily of Chenopodiacttet Ssequence data (Schutze et al., 2003) and cpDNA
is notable for its hygrohalophytic ecology rbcL sequences (Kadereit et al., 2003). However,
associated with particular anatomical,Bienertiacycloptera was placed as sister to Suaeda
morphological, and physiological adaptationg~orsk. ex. Scop. in the same study by Schitze et
(Kadereit et al., 2006). Thesubfamily al. (2003) based on the analysis of cpDBfB-
Salicornioideae Kostel. (Chenopodiaceae JussbcL cpDNA sequence data. The lack of a clear
APG, 2003), more commonly known as samphiresister group precludes the analysis of character
its distinctive reduced succulent leaves, which magvolution within the Salicornioideae. Taxonomic
be modified to form an articulated, photosyntheticconfusion is exacerbated by the occurrence of
stem (de Fraine, 1912). Recent moleculagpecies complexes (Wilson, 1980) and polyploids
phylogenetic studies have shown that the sistdfcontandriopoulos, 1968; Shepherd and Yan,
group relationship of the Salicornioideae is2003).
equivocal.Bienertiacycloptera Bunge (subfamily
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A close alliance between the Chenopodiaceae amdention the occurrence of this species in Syria. Up
Amaranthaceae has long been recognized becausfi now, most variability/taxonomic affinity
of a number of synapomorphic charactersstudies inA. macrostachyurhave focused mainly
including similar floral characteristics, on the morphology, and a limited work has been
embryogeny,  phytochemistry, sieve-elementarried out so far with nuclear DNA diversity.
plastids, and pollen morphology (Townsend, 1993Currently, the exact phylogenetic relationships
Judd and Ferguson, 1999). Molecular phylogenetiwithin the A. macrostachyunspecies are still
analyses confirm this close relationship (Soltis etinclear. Accordingly, currently the traditional
al., 2000; Kadereit et al., 2003). Currently, theaxonomic classification is followed for this
Chenopodiaceabas been placed into synonymyspecies. A great degree of taxonomic confusion
under Amaranthaceaby some authors (APG, exists in regard toA. macrostachyunspecies.
1998; 2003), although the exact phylogenetidMolecular phylogenetic techniques were used with
relationships of this alliance still remain unclearthe hope that they could more readily elucidate the
Arthrocnemum macrostachyurfMoric.) Moris., phylogenetic relationships within this species.
occurs in almost pure stands in the coastal region

and it is a typical species in the salt marshdb®f

Mediterranean region (Vicente et al., 2007). In théATERIALS AND METHODS

coastal and inland salt steppes of SE Spain, it

occasionally occurs with other species such aBlant materials

Halimione portulacoides (L) Aellen, Suaeda Three genotypes of this species can be found in
Forsskal ex JF GmelirSuaeda pruinosdange, Syria and are located in the Western littoral slin
Limoniumspp. Mill, Inula chritmoides. (Pujolet coast at 12 km to North of Lattakia, providing
al., 2000). Wilson (1980) proposed that the genusource of samples for DNA extraction. Samples
Arthrocnemum was a possible intermediate were collected in spring from the plants spread on
betweenSarcocorniaand the Australian endemic the rocky and sandy soil with salinity estimated at
genera based on morphological characters shared EC of 70 ds/m, and annual rainfall ranging
with both the groups. The monophyly of thefrom 650 to 700 mm. The genomic DNA of the
Australian endemic genera supports theiplant was extracted from young leaves of three
separation fromArthrocnemum(Wilson, 1980; genotypes (samples) preventative ofA.
1984). However, the phylogenetic positionA&f macrostachyunspecies in Syria (bulk of 5 plants
macrostachyunis not fully resolved. for each representative genotype) by a CTAB
Random Amplified Polymorphic DNA (RAPD) (cetyltrimethylammonium bromide) protocol.
markers (Williams et al., 1990; Singh et al., 2006)

and ISSR markers (Okun et al., 2008) are tw&rimer RAPD, ISSR designs and combinations
molecular typing approaches that have been usd® match more loci at the genomic level, 20
to detect the variation among the plants. EacRAPD primers were tested. A set of 20 random
method has been used extensively to identify antO-mer primers was used for detecting the
determine the relationships at the species arepblymorphism among three genotypes A.
cultivar levels (Raina et al., 2001; Martins et al. macrostachyumThe ISSR primers used in this
2003). ISSR analysis has been used for the cultivatudy were dinucleotides with eight repeat units
identification in numerous plant species, includingand one anchoring base, e.g., (&C)or two
rice (Joshi et al., 2000), apple (Gouldo andinchoring base, e.g., (A&3)C; or three anchoring
Oliveira, 2001) and strawberry (Arnau et al.base (AGGTG and trinucleotides with five
2003). ISSR-PCR gives multilocus patterns whicliepeat units such as (CAGand (CAA) or
are very reproducible, abundant and polymorphitetranucleotides with four repeat e.g. (GAGA)

in plant genomes (Bornet and Branchard, 2004).

Comparison of ISSR and other PCR-base®NA amplification conditions and gel
markers have shown their efficiency in plantelectrophoresis

breeding (Adams et al., 2003; Archak et al., 2003or RAPD and ISSR markers, the amplification
Galvan et al., 2003)A. macrostachyuris widely reaction was carried out in 25 reaction volume
distributed mainly in Mediterranean and Saharocontaining 1XPCR buffer, 2 mM Mgg10.25 mM
Arabian, extending far into adjacent regionsdNTPs, 25 ng primer (Operon Technologies Inc.
(Zohary, 1966). Mouterde (1966) however, did notUSA), 1.5 unit of Taq DNA polymerase and 30 ng
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template DNA. PCR amplification was performedpatterns revealed by the primers (Botstein et al.,
in a T-gradient thermal cycler (Bio-Rad; T 1980).
Gradient). It was programmed to fulfill 42 cycles
(for RAPD analysis) or 35 cycles (for ISSR
analysis) after an initial denaturation cycle for /RESULTS
min at 94 °C. Each cycle consisted of a
denaturation step 1 min at 94 °C, an annealing stde amplification products produced from RAPD
for 2 min at 35 °C (for RAPD analysis) or and ISSR primers are listed in Table 1 in terms of
52 °C (for ISSR analysis), and an extension step Hte percentage of PCR products appeared in the
72 °C for to 2 min, followed by extension cycle forgenotypes studied. Most of markers were obtained
7 min at 72 °C in the final cycle. The PCRWith the OPGOS5 primer. The RAPD analysis
products were separated on a 1.5% (for RAPDarried out on the three genotypes &f
analysis) or 1.8% (for ISSR analysis) ethidiummacrostachyumproduced a large number of
bromide- stained agarose (Bio-Rad) in 0.5xTBHIistinct fragments for each primer. The 20 selected
buffer. Electrophoresis was performed for 3 h a@rbitrary primers generated a total of 185 scorable
85V and visualized with a UV transilluminator. ~ bands of which 160 were polymorphic, with an
average of 9.25 amplicons/primer. OPGO05 gave
RAPD and ISSR data analysis the highest number of fragments (17 amplicons),
The presence or absence of each size class waBile OPAQO2 revealed the least number (4
scored as 1 or 0, respective|y_ The percerﬂ.mp"ConS). Flg 1 shows the RAPD profile for the
disagreement value (PDVs) found were used tiree genotypes yielded by OPA18, OPBO1,
generate a matrix via the Unweighted Pair GrouPC08, OPC15, OPEO4, OPE18, OPG05, OPQ18,
Mean Arithmetic average (UPGMA) using OPR12 and OPVO03. For ISSR markers, a total of
Statistica program (Statsoft, 2003). This matrix38 bands were generated, among which 80 bands
was used to calculate similarity/genetic distanc#vere polymorphic. The percentage of polymorphic
(Jaccard, 1908). Polymorphic information contenPands ranged between 66.66% for (CA@jmer
(PIC) values were calculated for each RAPD an@nd 100% for (CARG and (AG)GTG primers.
ISSR primer according to the formula: PIC = 1_F|g 2 showed that amplification with the latter
E(Pij)z , Where ﬁ)|s the frequency of théhipattern two ISSR primers ylelded hlghly informative
revealed by the" primer summed across all patterns.

Table 1 - Selected RAPD and ISSR primers, total number afdbaamplified, number of polymorphic bands,
proportion of polymorphic bands and PIC values.

Primer name Primer Sequence 5' to 3 Th Pb PA) PIC
RAPD
OPAO02 TGCCGAGCTG 4 3 75 0.334
OPAO4 AATCGGGCTG 6 4 66.66 0.297
OPA18 AGGTGACCGT 12 11 91.66 0.408
OPBO1 GTTTCGCTCC 8 8 100 0.445
OPBO05 TGCGCCCTTC 10 9 90 0.401
OPB17 AGGGAACGAG 7 6 85.71 0.381
OPCO08 TGGACCGGTG 10 8 80 0.356
OPC13 AAGCCTCGTC 10 10 100 0.445
OPC15 GACGGATCAG 7 7 100 0.445
OPEO4 GTGACATGCC 9 8 88.88 0.395
OPEO7 AGATGCAGCC 6 5 85.71 0.371
OPE15 ACGCACAACC 5 5 100 0.445
OPE18 GGACTGCAGA 8 8 100 0.445
OPGO05 CTGAGACGGA 17 16 94.12 0.418
OPG11 TGCCCGTCGT 10 6 60 0.267
OPQO1 GGGACGATGG 8 8 100 0.445
OPQ18 AGGCTGGGTG 13 8 61.54 0.274
OPRO09 TGAGCACGAG 5 2 40 0.178
OPR12 ACAGGTGCGT 15 14 93.33 0.415
(Cont. ...)
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(Cont. Table 1)

Primer name Primer Sequence 5' to 3 Tb Pb PA) PIC

OPV03 CTCCCTGCAA 15 13 86.66 0.385
Total 185 160

Mean 9.25 7.95 84.963 0.377
ISSR

ISSR-1 (CAG)5 12 8 66.66 0.259
ISSR-2 (GACA)4 11 10 90.91 0.404
ISSR-3 (AG)8TC 15 14 93.33 0.415
ISSR-4 (AC)8T 16 15 93.75 0.417
ISSR-5 (AG)8GTG 15 15 100 0.445
ISSR-6 (CA)BRG 12 12 100 0.445
ISSR-7 (CAA)S 7 6 85.72 0.381
Total 88 80

Mean 12.57 11.42 90.91 0.395

Tb: Total number of bands

Pb: Number of polymorphic bands

P (%): Polymorphic bands (%)

PIC: Polymorphic information content

M OPA18 OPB01 OPC08 OPC15 OPE04 M OPE18 OPGO5 OPQ18  OPR12 OPVO03

Figure 1 - Polymorphism resultant from the use of OPA18, OP,BOPCO08, OPC15, OPEO4,
OPE18, OPGO05, OPQ18, OPR12 and OPV03 RAPD prinwerd.fmacrostachyum
genotype 1,2,3; Lane M, DNA marker 1 kb.

M ISSR-1 ISSR-2 ISSR-3  _ISSR-4 ISSR-5 ISSR-6 ISSR-7

3 kb

1 kb

200 bp

Figure 2 - Polymorphism resultant from the use of ISSR-1,RSS ISSR-3, ISSR-4, ISSR-5,
ISSR-6 and ISSR-7 primers f@&x. macrostachyungenotype 1,2,3; Lane M, DNA
marker 1 kb.

DISCUSSION Amplification products were obtained in the range

of 4-17. For OPGO5 primer, the highest number of
PCR amplifications from the 20 RAPD primersfragments (17 amplicons) was detected, while
gave an average of 9.25 selected markers /primépPAO2 primer revealed the least number (4
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amplicons). A total of 185 amplicons wereindicated that the percentage of ISSR (90.91%)
generated by the tested primers with an average wias more important than of RAPD polymorphic
9.25 amplicons/primer. Behera et al. (2008bands (84.96%). The mean number of RAPD
reported an average of 7.17 markers/ primer ibands (9.25) was less than of ISSR (12.57); the
Indian bitter gourd Nlomordica charantiaL.). mean number of RAPD polymorphic bands (7.95)
However, Singh et al. (2006) demonstrated that theas also less than of ISSRs (11.42). Bornet and
generation of RAPD fragments ranged from 8 tdranchard (2004) reported the generation of 13 to
13 in Solanum,thus with an average of 10.28 26 markers irBrassicaand Arabidopsis thaliana
bands /primer. Such a high variation in the numbdny ISSR primers. Both of RAPD and ISSR
of fragments produced by these arbitrary primerragments ranged from 0.2 to 3 kb. The generated
could be attributed to the differences in the600, 1000 and 1200 bp DNA fragments by RAPD
binding sites throughout genome of the genotype®PQ18 were characteristic for the three genotypes
included. The total number of polymorphictested. The RAPD OPE18 produced a specific
observed bands was 160 with an average of 7.9%oduct of about 700 and 1000 bp in genotype 2
polymorphic amplicons/ primer. This representednly (Fig. 1). The ISSR with (CAG)primer

a level of polymorphism of 84.96% (Table 1).amplified the DNA fragments of 600 and 800 bp
With regards to ISSR markers, the present resultepresentative of the three genotypes tested (Fig.
showed that the seven ISSR tested primer3). The genetic similarity (GS) values generated
revealed high polymorphic bands. Fingerprintingrom RAPD markers varied between 0.181 and
showed a total number of 88 unambiguous DNA).562 with an average of 0.543. The minimum GS
fragments with an average of 12.57 fragments/alue derived between the genotype 1 and 2 and
primer. The number of polymorphic bands rangedhe maximum GS value was between genotype 1
between 6 and 15 /primer with an average of 11.4@nd 3. A similar trend was achieved using the
polymorphic bands/ primer. The total number oiISSR markers but with lower GS values with a
polymorphic amplicons produced by the testedange of 0.162 to 0.452 and an average of 0.511
primers was 80, thus representing a level ofTable 2).

polymorphism of 90.91% (Table 1). These results

Table 2 —Jaccard's similarity matrix of RAPD and ISSR datathe three accessionsAf macrostachyurapecies.

RAPD Marker ISSR Marker
1 2 3 1 2 3
A.macrol 1.00 1.00
A.macro2 0.18 1.00 0.16 1.00
A.macro3 0.56 0.20 1.00 0.45 0.18 1.00

These results were in accordance with the wel(lPharmawati et al., 2005). An especially attractive
recognized assumption for the role of anchorindeature of ISSR analysis is its flexibility in tesm
base number in detecting the pear phylogengf experimental design: the number of generated
(Monte-Corvo et al.,, 2001). The dinucleotideamplicons may be optimized by changing the
yielded highly informative patterns compared tonumber of the core repeat units and anchoring
those tri- and tetratnucleotide. In the preserdystu bases (Liu and Wendel, 2001).

tri- ISSR (CAG) primer generated the lowest For ISSR markers, the percentage of polymorphic
percentage of polymorphic markers (66.66%)bands ranged between 66.66% with (CA@hd
Previously, in rice plantsQryza sativalL.), the 100% with (CA}RG (Hou et al., 2005) and
dinucleotide repetitive sequence primers weréAG)sGTG (Bornet and branchard, 2004). The PIC
found to be more amenable to ISSR analysis tharalues detected by RAPD primers ranged from
the tri-, tetra-, and pentanucleotide primers (Blai0.178 in OPRO09 to 0.445 in OPB01, OPC13 and
et al, 1999). Some researchers have demonstrat€@PC15, while, in ISSR marker, it ranged from
that anchoring primers at their 3' ends lowered th@.259 in (CAGj to 0.445 in (AGGTG and
number of sequences which had homology to th€CA)sRG primers. The ISSR markers exhibited a
primers, thus producing distinct bands (Parsons etlatively higher PIC average (0.395) compared to
al., 1997). The success in amplifying the specifiRAPD markers (0.377). In this regard,
bands also depends on the anchoring motiflanimekalai et al. (2006) found that the mean PIC
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value for the ISSR was higher than the mean PIChe pattern generated for RAPD or ISSR data
observed with the RAPD technique (0.31 and 0.23Jemonstrated that the three genotypes Aof
respectively) in coconufCocos nuciferal). In  macrostachyunclustered into two clusters. The
this respect, similar findings were reported by Hodirst contained genotypes 1 and 3 that were closely
et al. (2005) in barley. A dendrogram showing theelated at PDV=0.29 (Similarity 0.562) in the case
relationships among the three genotypes wasf RAPD and PDV=0.39 (Similarity 0.452) in the
constructed by the UPGMA clustering method ana@ase of ISSR fingerprint (Tables 2-3).

as shown in Fig. 3.

A. macrostachyum 1

A.macrostachyum 3 a

A. macrostachyum 2

0.2 0.3 0.4 0.5 0.6 0.7 0.8

A.macrostachyum 1

A.macrostachyum 3

A.macrostachyum 2

030 035 040 045 050 055 080 065 070 075

Figure 3 - UPGMA cluster analysis-based on the percent désagent value (PDV), a)
dendrogram for RAPD fingerprints and b) for ISSRgérprints showing genetic
relationship among the three genotypesé ofnacrostachyurapecies.

Table 3 - Percent Disagreement Values (PDV) produced by2théRAPD and 7 ISSR primers using UPGMA
routine in statistical program.

RAPD Marker ISSR Marker
1 2 3 1 2 3
A.macrol 0.00 0.00
A.macro2 0.74 0.00 0.70 0.00
A.macro3 0.29 0.70 0.00 0.39 0.70 0.00

The second contained genotype 2. In the preseat al. (2005) in barley. In the Western coast of
investigation, it was obvious that the dendrogransyria, the three accessions formed dense
based on RAPD markers was in accord with theommunities and were collected from the same
dendrogram based on ISSR markers. In generakgion. Thus, the polymorphism observed among
the efficiency of a molecular marker techniquethese three accessions could not be due to the
depends on the amount of polymorphism thageographic distribution. The present results
could be detected among the set of accessiomspresented the first genetic study oA.
investigated. In the present study, ISSRmacrostachyunspecies in Syria. Additional data,
fingerprinting was more efficient than the RAPDespecially from the morphological traits, could
assay. The latter detected 90.91% polymorphiprovide useful information on the variation and
DNA markers among the three analyzedclassification of this species. In the Western toas
genotypes, compared with 84.96% for RAPDof Syria, it often forms densely monodominant
fingerprinting. Similar results were obtained forcommunities or co-occurs with other species such
several other plant species such as in peanas Halimione portulacoides(L) Aellen, Inula
(Arachis hypogaéa(Raina et al., 2001), wild rice chritmoidesL.. andJuncus acutus.

Oryza granulategQian et al., 2001), andiceasp In conclusion, the use of RAPD and ISSR could be
(Nkongolo et al., 2005). The present results wera powerful tool to assess the genetic diversit.in
also in accordance with the observation bymacrostachyum This study provided new
Fernandez et al. (2002); Tanyolac (2003) and Hoinformation at the molecular level for the genetic
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variability of A. macrostachyurand for a general  analysis of cashewAfacardium occidentalel.)
phylogenetic relationship among the three accessions of Indi&enome 46: 362-369.

genotypes of this species. This study showed thdfnau, G.; Lallemand, J. and Bourgoin, M. (2003sF
A. macrostachyurgenotype 2 was too genetically gnd relllable strawberry cultivar |dent|f|cat|or_1 ngi
distinct from the two other tested genotypes. inter simple sequence repeat (ISSR) amplification.

According to the dendrogram based on RAPD angeiléegyt?akl?%i%g% K. And Staub, J. E. (2908)

ISSR markers, it could be suggested that  comparative analysis of genetic diversity in Indian
macrostachyum genotype 2 belonged to a pjtter gourd (Momordica charantia L.) using RAPD
subspecies that was different from that of theothe and ISSR markers for developing crop improvement
genotypes 1 and 3. The taxonomy of the strategiesSci. Hortic, 115:209-217.

Australian representatives of the Salicorniodeae Blair, M. W.; Panaud, O. and McCouch, S. R. (1999).
complicated by the presence of large subspeciesinter-simple sequence repeat (ISSR) amplificatiam f
complexes, as well as putative hybrids (Wilson, analysis of - microsateliite motif frequency and
1980). Polyploidy is also evident at both the fmgerprmFlng in rice Oryza satival..). Theor. Appl.
species and subspecies level (Shepherd and Y gr?gtet’sg;%o';?;chard M. (2004), Use of ISSR
2003). In the present work, the RAPD and ISS L L ’

VS I d h —  fingerprints to detect microsatellites and genetic
analysis allowed for a somewhat eX!ensiVe giversity in several relatedBrassica taxa and

subspecies partitioning withiA. macrostachyum  Arabidopsis thalianaHereditas, 140 245-248.

which was often in concordance with the knowrBotstein, D.; White R. L.; Skolinck, M. and Davis,
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population and evolutionary genetics of the in man using restriction fragment length
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accessions presented considerable interest for th@ntandriopoulos, J. (1968), A propos des nombres
genetic studies and plant improvement. Moreover, Chromosomiques - des Salicornia de la - région
they have a potential use for reclamation of salt méditerranéenne. Bulletin du Museum D’Histoire

. . . Naturelle de Marseille28: 45-52.
affected lands, a major problem in Mednerranealae Fraine, E. (1912), Anatomy of the genus Saiieor

basin. J. Linn. Soc. Lond. Bo#1: 317-348.
Fernandez, M. E.; Figueiras, A. M. And Benito, C.
(2002), The use of ISSR and RAPD markers for
ACKNOWLEDGEMENTS detecting DNA polymorphism, genotype
identification and genetic diversity among barley
The author would like to thank Prof. Othman |, cultivars with known origin. Theor. Appl. Genet
Director General of AECS and Prof. MirAli N, 104 845-851. ,
Head of Molecular Biology and Biotechnology Gavan. M. Z.; Bornet, B.; Balatti, P. and Branahar
Department for their support, and also to the Plant M- (2003). Inter simple sequence repeat (ISSR)

Biotechnolo roup for technical assistance markers as a tool for the assessment of both geneti
gy group ' diversity and gene pool origin in common bean

(Phaseolus vulgaris.). Euphytica.,132 297-301.
Gouldo, L. C. and Oliveira, M. (2001), Molecular
REFERENCES characterization of cultivars of appleMdlus x
domestica Borkh.) using microsatellite (SSR and

Adams, R. P.; Schwarzbach, A. E. And Pandey, R. N. ISSR) markersEuphytica. 122 81-89.
(2003), The concordance of terpenoid, ISSR andou, Y. C.; Yan, Z. H.; Wei, Y. M. And Zheng, Y. L.
RAPD markers, and ITS sequence data sets among(2005), Genetic diversity in barley from west China
genotypes: an example from Juniper®iochem. based on RAPD and ISSR analydarley. Genet.
Syst. Ecal 31: 375-387. News, 35: 9-22.

Angiosperm Phy|ogeny Group_ (2003), An update O'F]accard, P. (1908), Nouvelles recherches sur la
the Angiosperm Phy|ogeny Group classification for distribution flora.Bull. Sac. Nat 44: 223-270.
the orders and families of flowering plants: APG Il Joshi, S. P.; Gupta, V. S.; Aggarwal, R. K.; Raajel.
Bot. J. Linn. So¢ 141 399-436. K. And Brar, D. S. (2000), Genetic diversity and

Archak, S.; Gaikwad, A. B.; Gautam, D.; Rao, E.W. phylogenetic relationship as revealed by inter-&mp
B.. Swamy, K. R. M. and Karihaloo, J. L. (2003), Sequence repeat (ISSR) polymorphism in the genus
Comparative assessment of DNA fingerprinting Oryza. Theor. Appl. Genet10Q 1311-1320.
techniques (RAPD, ISSR and AFLP) for genetic

Braz. Arch. Biol. Technol. v.54 n.5: pp. 859-86@p80ct 2011



866 Saleh, B.

Judd, W. S. and Ferguson, I. K. (1999), The genéra analysis of genetic diversity, varietals identifioa,
Chenopodiaceae in the southeastern United States.and phylogenetic relationships in peanudtrachis
Harvard Papers in Botanyl: 365-416. hypogaea cultivars and wild speciessenome 44:

Kadereit, G.; Borsch, T.; Weising, K. And Freitdd), 763-772.

(2003), Phylogeny of Amaranthaceae andSchitze, P.; Freitag, H. and Weising, K. (2003), An
Chenopodiaceae and the evolution of C4 integrated molecular and morphological study of the
photosynthesidnt. J. Plant. Scj 164: 959-986. subfamily Suaedioideae Ulbr. (Chenopodiaceae).

Kadereit, G.; Mucina, L. And Freitag, H. (2006), Plant. Syst. Evol239 257-286.

Phylogeny of Salicornioideae (Chenopodiaceae)Shepherd, K. A and Yan, G. (2003), Chromosome
diversification, biogeography, and evolutionary number and size variations in the Australian
trends in leaf and flower morphologyaxon, 55 (3): Salicornioideae  (Chenopodiaceae)—evidence  of
617—-642. polyploidisation Aust. J. Bat 51: 1-12.

Liu, B. and Wendel, J. F. (2001) Inter simple sempae Singh, A. K.; Singh, M.; Singh, A. K.; Singh, R,
repeat (ISSR) polymorphisms as a genetic marker Kumar, S. and Kalloom, G. (2006), Genetic diversity
system in cottorMol. Ecol. Notes 1: 205-208. within the genusSolanum(Solanaceae) as revealed

Manimekalai, R.; Nagarajan, P. and Kumaran, P. M. by RAPD markersCurr. Sci, 90(5): 711-716.

(2006), Comparison of effectiveness of RAPD, ISSRSoltis, D. E.; Soltis, P. S.; Chase, M. W.; Mort, K;
and SSR markers for analysis of coconGbgos Albach, D. C.; Zanis, M. J.; Savolainen, V.; Hahn,
nucifera L.) germplasm accessions. Eighteenth W. H.; Hoot, S. B.; Fay, M. F.; Axtell, M.; Swensen
Annual Congress of the PGIA, pp. 16-17. S. M.; Prince, L. M.; Kress, W. J.; Nixon, K. C.can

Martins, M.; Tenreiro, R. And Oliveira, M. M. (2003 Farris, J. S. (2000), Angiosperm phylogeny inferred
Genetic relatedness of Portuguese almond cultivars from 18S rDNA, rbcL, and atpB sequencé&st. J.

assessed by RAPD and ISSR marké&tant. Cell. Linn. Soc, 133 381-461.

Rep, 22 71-78. Statsoft, (2003), Statistica (Data analysis soféwar
Mouterde, P. (1966), Nouvelle flore du liban etlde system), version 6. Statsoft Inc, www.statsoft.com.

Syrie. Vol 1 (Texte), Beyrouth-Liban. Tanyolac, B. (2003), Inter-simple sequence repeat

Nkongolo, K. K.; Michael, P. And Demers, T. (2005), (ISSR) and RAPD variation among wild barley
Application of ISSR, RAPD, and cytological markers (Hordeum vulgaresubsp. spontaneum) populations

to the certification ofPicea mariana, P. glaugaand from west TurkeyGenet. Resour. Crop. E%0; 611-
P. engelmanniitrees, and their putative hybrids. 614.
Genome 48: 302-311. Townsend, C. C. (1993), AmaranthaceaeVImBittrich

Okun, D. O.; Kenya, E. U.; Oballa, P. O.; OdeeVD. [ed.], The families and genera of vascular plavts,
Muluvi, G. M. (2008), Analysis of genetic diversity 2: 70-91. Springer-Verlag, Berlin- Germany.
in Eucalyptus grandigHill ex Maiden) seed sources Vicente, M. J.; Conesa, E.; varez-Rogel, J. A.nEca
using inter simple sequence repeats (ISSR) molecula J. A. And Martinez-Sinchez, J. J. (2007), Effedts o
markersAfr. J. Biotech, 7 (13): 2119-2123. various salts on the germination of three perennial
Parsons, B. J.; Newbury, H. J.; Jackson, M. T. and salt marsh species. Short communicatigkquat.
Ford-Lloyd, B. V. (1997), Contrasting genetic Bot, 87 167-170.
diversity relationships are revealed in ric®ryza Williams, J. G. K.; Kubelik, A. R.; Livak, K. J;
sativa L.) using different marker typesMol. Rafalski, J. A. and Tingey, S. V. (1990), DNA
Breeding, 3: 115-125. polymorphisms amplified by arbitrary primers are
Pharmawati, M.; Yan, G. and Finnegan, P. M. (2005), useful as genetic markerilucleic. Acids. Res18:;
Molecular  variation and fingerprinting of 6531-6535.
Leucadendron cultivars (Proteaceae) by ISSRNilson, P. G. (1980), A revision of the Australian
markersAnn. Bot, 95: 1163-1170. species of Salicornieae (Chenopodiaceda)ytsia.,
Pujol, J. A.; Calvo, J. F. And Ramirez-Diaz, L. @2, 3:1-154.
Recovery of germination from different osmotic Wilson, P. G. (1984), Chenopodiaceae.AnGeorge
conditions by four halophytes from Southeastern [ed.], Flora of Australia, vol. 4: 277-309. Austsal
Spain.Ann. Bot, 85: 279-286. Government Publishing Service, Canberra, Australian
Qian, W.; Ge, S. and Hong, D. Y. (2001), Genetic Capital Territory- Australia.
variation within and among populations of a wilderi  Zohary, M. (1966), Flora Palaestina. Part 1 (Text),
Oryza granulatefrom China detected by RAPD and  Jerusalem-Israel.
ISSR.Theor. Appl. Genetl02 440-449.
Raina, S. N; Rani, V.; Kojima, T.; Ogihara, Y.; §n
K. P. And Devarumath, R. M. (2001), RAPD and Received: August 30, 2010;

. . " Revised: January 25, 2011,
ISSR fingerprints as useful genetic markers for Accepted: July 22, 2011.

Braz. Arch. Biol. Technol. v.54 n.5: pp. 859-86@p80ct 2011



